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Lioi noi dau

Qud trinh chuyén hod cdc chdt xung quanh chiing ta la mot loat cdac phan
ing hod hoc duge dién ra tuén theo nhing quy ludt nhdt dinh cua hod hoc. So
vGi thé gidi vé co thi qud trinh nay trong thé gidi séng la vé cung phuc tap va
day bi an.

Nhitng thanh qud nghién ciu khoa hoc vé sy séng dat duge trong 50 nam
gan day cua thé gidi la bude di dai cua con nguol, song nhung hiéu biét cua
ching ta van con dang & phia trudc.

Hon ai hét, sinh vién nganh hod la nhitng nguoi ném duwgc nhigng hiéu
biét vé cdc quy ludt hod hoc, cdn phdi tim hiéu nhitng quy ludt nay dién ra
trong thé gidi vat chdt song nhdm khai thdc phuc vu cho lgi'ich cua con nguvi
nhung déng thoi cing phdi biét hudng sw séng ciia con nguoi sao cho hai hoa
v0i moi truong thién nhién.

Cuén gido trinh "Co so Hod sinh" nhdm giup sinh vién ngdnh Hoa hoc,
nganh Sinh hoc va Méi truong c¢6 mot bic tranh toan canh vé su sbng, cdc
chdt séng va cdc budc chuyén hod cdc chdt nay trong co thé séng. Tuy nhién,
‘day cing chi la mot lwo’ng kién thize co s t6i thiéu mang tinh ch@m phd va goi
mo’ Tdc gid hy vong cudn sdch sé dap ung dugc mot phan nao dé nhiing thdc
mdc vé thé gidi ma chung ta dang séng va hon thé, néu duoc, la tao ra sy to
mo déi vdi cde ban muén di sdu vao linh vic hoa sinh hoc.

Tdc gid xin chdn thanh cdm on GS.TSKH. Ddng Nhu Tai va GS.TSKH.
Trén Dinh Toai vé nhitng ¥ kién déng gop sua chita trudc khi cudn gido trinh
duoc phdt hanh réng rai.

Tdc gid xin ¢6 li cdm on trude cde ban doc xa gan vé nhing y kién sé dong
gop khi cuén sdch nay duge cde ban quan tam dén.

Ha noi, thang 4 ndm 2005
TAC GIA
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KI HIEU MOT VAI THUAT NGU VIET TAT

ACP : Protein mang axy! (Acyl Carrier Protein)
AMP, : AMP vong
ARN,, : ARN thong tin (ti€ng Anh m la chir viét tit clla message : thong tin)

ARN,:  ARN van chuyén (ti€ng Anh t Ia chif viét tit clia transfer : van chuyén)

ARN, : ARN virut '

Da: Dalton la don vi khéi lugng tuong duong khéi lugng nguyén t& hidro
(1,66.10%g) |

EF : Yéu t6 kéo dai (Elongation Factor)

IF : Yéu t6 khdi dong (Iniliation Factor)

In vitro :  Trong &ng nghiém
In vivo : Trong cd thé séng

U : Bon vi hoat d6 clia enzim theo quéc t€ (Ti€ng Anh : International unit)

;\ : Angstron (10'10 m)
TR Micro (10°m)
n o Nano (10°m)

Photpho v6 cd (tiéng Anh : P))

(Svedberg unit) don vi dung d€ do hé sé 1ang. 1S = 10°"° giay. Hang s6
lang ti 1& vai t6c dd lang cla phan tif trong trudng li tam va i 1& vdi kich
thudc va hinh dang phan tu.
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http://tieulun.hopto.org



MOT VAI NET VE SUHINH THANH
MON HOA SINH

Hoa sinh hoc 14 mot mon hoc nghién ciu vé su song dudi goc d6 phan
t&. Muc tiéu dit ra la nghién ciu tim hiéu thanh phan, cdu tao, chitc ndng va
ban chat hoa hoc cua cac qua trinh chuyén hoa cac chét trong co thé song.
Hoa sinh hoc cd thé chia thanh ba linh vuc chinh : |

1. CAu tric hoa hoc clia cac chat c6 ngudn goc tir su song va méi tuong
quan gitta chitc nang sinh hoc v6i cau truc hoa hoc.

2. Su trao d6i chat thé hién qua cac phan tng hoa hoc xudt hién trong co
thé song.

3. Ban chat hod hoc clia cac qua trinh va cac chat thuc hién su luu giu va
truyén dan thong tin sinh hoc.

Mon Hoa sinh trd thanh mét nganh nghién ciu doc lap tu dau the ki XIX
v0i cong trinh khoi dau ctia Friedrich Wohler. Trudce thoi Wohler nguodi
ta cho ring céc chat trong vat chat song khac biét hoan toan véi cac chat
trong vat chat khéngvsf)'ng, chiing khong tuan theo cac quy luat vatli va
hoé hoc da biét, ching chi sinh ra trong t& bao song nhd vao mot "luc
s6ng" huyén bi nao do. Nam 1828, trong phong thi nghiém, Wholer da
t6ng hop ra uré, mot chat c6 ngudn goc sinh hoc, tit hop chat vo co la
amoni xianat. Tuy nhién, cac quan diém vé "luc s6ng" van ton tai. Vao
nia sau the ki XIX ngudi ta da biét kha nhiéu vé cau tric nhung thanh
phén chu yéu ctia co thé s6ng nhu aminoaxit va protein, monosaccarit va
polisaccarit, lipit va axit nucleic. Cudi thé ki XIX, vao nam 1897, cong
trinh ctia Eduard va Hans Buchner da phat hién ra rdng dich chiét xuat
tit manh vun ctia t&€ bao ndm men bia (c6 nghia la cac t& bao nay da chét
hoan toan do bi nghién vun) van thuc hién dugc qua trinh 1én men (lén
men vo bao) dudng bién thanh rugu. Kham pha nay da md dudng cho
viéc thuc hién cac phan tng hoa sinh ngay trong 6ng nghiém - in vitro

ma khong cdn doi hdi trong mot co thé s6ng - in vivo. Day dugc xem
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nhu mét trong nhing cong trinh ¢6 anh hudng 16n nhat da lam cho
thuyét "luc s6ng" bi sup d6 hoan toan va thuc day su phat trién manh mé
mén Hod sinh trong thé ki tiép theo.

Nia ddu the ki XX da xudt hién nhiéu thanh teu vé linh vuc hoa sinh
hoc. Qua d6 nguoi ta da biet duge su hién dién va vai tro cla vitamin,
hoocmon va ban chat cda enzim 1a protein. Cac phan tng cua qua trinh
lén men va chu trinh oxi ho4, photphoryl hoa ciing da dugc li giai.

Thita hudng nhiing thanh qué ruc rd cda su phét trién manh mé cda
cac nganh khoa hoc ki thuat néi chung, tir nhitng nam 50 ctia thé ki trudce
dén nay, trong linh vuc hod sinh hoc da tiép tuc xuat hién thém nhiéu
thanh tuu déng ké vé nghién cttu cau tric phan tu axit nucleic, protein,
cd ché xuc tic cua enzim, qua trinh téng hop protein, axit nucleic va co
ché& diéu hoa cua chung.

Hoa sinh hoc ngay nay thuc sy la trung tdm cta cuéc cach mang

sinh hoc.
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Chuong 1
LOGIC PHAN TU CUA SU SONG

1.1. TAT CA CO THE SONG PEU CO CHUNG NGUON GOC HOA HOC

1.1.1. Su khac biét gita co thé séng va gioi vo co

a) Co thé séng ¢6 16 chice ciu tao rdt tinh vi tir nhing phan i chat hiru co ¢6 phan
luong 16n va cé cau tric rat phic tap. Nguoc lai, doi véi gidi vo co nhu dat, da, nudc,
khong khi,... chdng chi 1a tap hop ctia nhiing chét hod hoc don gian.

b) Co thé s6ng thudng xuyén tiép nhan nang lugng tr moi trudng xung quanh (nang
luong hoa hoc va nang luong quang hoc) dé thuc hién cdc qué trinh chuyén hod nham
muc dich duy tri su tén tai va phat trién. Cdc chat vo co khong 6 kha nang nay va néu c6
thi nang luong thu dugc lai phd vd cdc lién két lam ching tan ra thanh cac chat don
gian hon.

¢) Co thé séng ¢6 kha nang tu tai tao lién tyuc ¢ cap cdu tric ¢6 trat o cao, nghia la
chiing ¢6 thé ty sinh ra chinh ban than ching va tham chi con phat trién vuot bac nhd vao
su tién hod. Cic chat vo co hoan toan khong c6 kha nang nay.

1.1.2. Ngudn goc hoa hoc cua vit chat séng

Tat ca cac dai phan tir sinh hoc déu duge tao thanh tr mot s6 don vi ¢6 ¢au tao don
gian, dién hinh 12 aminoaxit, nucleotit va monosaccarit. Ching dugc ghép noi vl nhau
tuan theo nhimng quy luat chat ché d¢ hinh thanh ra cdc dai phan w sinh hoc nhu protein,
axit nucleic va polisaccarit. Su ghép noi nay cting giong nhu sy ghép néi cac cha cai de
thanh mot tir ¢6 nghia va cac tir lai duge ghép voi nhau dé dién dat mot cau hoan chinh.
Vi du, trong tu nhién c6 rat nhiéu hop chat protein nhung tt ca déu chi duoc tao ra tr 20
aminoaxil, con vé su da dang cua giong loai trong tu nhién quyét dinh boi axit nucleic lai
chi dugc tao ra tr 4 nucleotit.

1.2. SU HINH THANH VA TIEU THU NANG LUGNG TRONG QUA TRINH
CHUYEN HOA

1.2.1. Co thé séng luén khong can bing vdi moi trudng xung quanh

Tir khi xudt hién su song va trong sudt qud trinh tién hod, sy song bao giv cing dugc
ngan cach v6i moi trudng xung quanh bang 16p mang. Cdc qua trinh séng duoc dién ra
bén trong 1Gp mang nay, lic ddu v6i nhiing t6 chic song don gian, vé sau xudt hién cdc
co quan ndi bao va cang ngay cang phiic tap hon dan dén su khdc biét ngay cang 16n gitra
co thé song va moi trudng xung quanh. Su khdc biét bén trong va bén ngoai mang chinh
[4 thanh phan va noéng do céc chat. Khi su song khong con nira thi cdc mang nay bi pha
v va lap tie ¢6 xu the thict 1ap lai trang thdi can bang véi moi truong xung quanh.

2 CSHOA SINH.A 9
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1.2.2. Thanh phan phin tit phin anh trang thai cin bing dong

Thanh phan hoa hoc bén trong co thé song luon luon 6n dinh nhung khong ¢6 nghia
12 su 6n dinh ctng nhéc. Trong co thé song luon ¢6 su luan chuyén thay d6i dong vat chat
va nang luong. Céac chat trong co thé séng khong t6n tai vinh vién, ching luon doéi méi
bang cach tu phan huy roi thai vao moi trudong va dong thoi lai xay dung mdéi nho tiép
nhan cac chat khac tr moi truong.

1.2.3. Co thé sdng trao d6i ning lugng va vat chit voi méi trudng xung quanh

Co thé song 1a mot hé md luon ¢6 sy trao d6i nang lugng va vat chat véi moi truong
xung quanh trong diéu kién déng 4p va dang nhiét.

Co thé séng dugc goi 1 di dudng n€u nhu né6 ti€p nhan cdc chat tir moéi trudng xung
quanh va lay nang luong tu do nho phan dng sinh nhiét cia qua trinh bién déi cdc chat
nay. Nguén nang luong nay dé duy tri co thé song va dé cung cap cho cic phan tng thu
nhiét dién ra trong co thé song.

Co thé s6ng dugc goi 1a tu dudng néu nhu né tiép nhan nang luong tir cic ngudn séng
ctia moi truong (quang nang) dac biét 1a anh sdng mat troi. Cic phan tng quang hod phat
nhiét lam tién d¢ thuc hién cdc phan tng thu nhiét noi bao.

1.2.4. Enzim quyét dinh thi tu cac phan ing dién ra

D¢ cho mot phan tng hoa hoc xéy ra, cdc chat tham gia phan tng can phai c6 mot
nang luong hoat hod. Cdc chat du di c6 the nang cao hon san pham phan dng van phai
dugc hoat hod vé trang théi chuyén tiép, sau d6 phan tng thuc su méi xay ra. Binh thudng
nang lugng nay dugc tao ra bang cich tang nhi¢t do clia hé phan tng, vi du dun néng.
Tuy nhién, co thé song khong di theo cdch nay. Co thé séng 12 mot he dang nhiét, chia
cac chat khong bén vé6i nhiét. Trong thuc t€, co thé song sir dung chat xic téc sinh hoc
dac hi¢u goi la enzim. Nho cdc enzim nay, niang lugng hoat hod clia céc chat tham gia
phan tng duoc giam déng ké dén mic khong can gia tang nhict do. Cing vi th€ toc do
phan Ung do enzim xdc tic tang 1én rat nhiéu lan, thuong gap 10° - 107 14n so v6i khong
dugc xuc tac.

Trong t€ bao séng ludn ¢6 mat hang nghin enzim khdc nhau va moi enzifn chi xic
tac cho mot phan ng riéng biét véi do dac hiéu rat cao. Mot s6 enzim lai tap hop thanh
mot cum cung xuc tic cho mot loat cac phan tng hod hoc lién ti€p tuan theo mot trinh tu
nhat dinh : moi san pham vira dugc tao ra sé lai ti€p tuc tham gia ngay vao cac phéan L’fng
k€ 1i€p tao nén mot chudi phan tng. DG chinh 14 con dudng chuyén hod céc chat trong co
thé song hay con goi la qud trinh trao déi chat.

Qud trinh trao doi chat (metabolism) gém 2 qua trinh c¢6 au thé nguoc nhau va bd
sung lan nhau : qud trinh di ho4 (catabolism) va qua trinh dong hoa (anabolism). Qua
trinh di hod 1a qu4 trinh phan giai cdc chat tir dang phic tap thanh cdc san phim c6 cdu
tao don gian hon. Qud trinh déng ho4 thi nguoc lai, tong hop nén cac sinh chat méi c6
cau tric phic tap tir céc tién chat don gian.
10
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1.2.5. Phan tit ATP (adenozin triphotphat) la cdu ndi ctia qua trinh di hoa va dong hoa

Viéc cung cdp nang luong cho cdc phan dng hod hoc xay ra trong t& bao song duogc
tién hanh mot cach khac biét. Phan tlr cac chat tham gia phan tng duoc cap nang lugng
dé tao ra trang thai chuyén ti€p bang cdch lién két véi cdc phan tr ATP tao ra cac phic
chat trung gian hoat dong. Phan tr ATP chira nhiing li¢n két este photphat cao nang va la
chal van chuyén nang lugng chi yéu cua t&€ bao séng. Phan tir ATP dugc tao thanh tur 2
ngudn : nguon hoa nang nhd qua trinh oxi hod photphoryl hod céc chat hitu co giau nang
luong va nguon quang nang nhd nang lugng mat troi tao ra qud trinh quang photphoryl hoa.

1.2.6. Su s6ng ludn dugc duy tri 6 trang thai can bing dong

Pon vi song nho nhat ctia co thé song 1a t& bao. D6 chinh la san phdm tuyét diéu do
tu nhién tao ra trong qua trinh tién hoa va chon loc dé hoan thién. Mot trong nhimg dac
tinh dugc chon loc 1a kha nang diéu hoa qua trinh chuyén hoa mot cach hop li va tiét
kiem nhat. Theo nguyén téc nay t€ bao song chi tao ra nhitng phan tir sinh chdt can thiét o
muc vira dii. Khi t&€ bao phét trién manh, né s& téng hop rat nhiéu cdc chat n6i bao can
thiét. Con khi t€ bao & trang thai nghi khong hoat dong, né chi téng hop rét it cac sinh
chat nay. Su diéu hoa nay c6 dugc 12 nhd cdc enzim chia khoa diéu chinh viéc déng md
cdc phan tng dién ra trong cdc chu trinh chuyén hod. C6 thé ndéi rang, t€ bao 1a mot cod
may hod hoc hoan toan tu dong diéu khién moi hoat dong dién ri trong co thé song mot
cach tiét kiém nhat va déng thdi cling hiéu qua nhat.

1.3. THONG TIN DI TRUYEN

1.3.1. Phin tit ADN tu sao chép va stia chita sai s6t gin nhu hoan hao

Phan tir ADN (axit deoxiribonucleic) 1a mot polime chita goc deoxiribonucleotit duogc
sip xép theo mot trinh tu nghiém ngat thé hién céac thong tin di truyén. Ciu tao cua no
gém 2 soi xoin doi, trong d6 moi goc nucleotit nam trén mot soi nay lién két véi goc
nucleotit bé sung trén soi kia thong qua lién két hidro. Trong qua trinh sao chép thong tin
di truyén hodc slra chita ADN, mdi sgi noi trén s€ la khuon dé téng hop ra soi bo sung thit
hai c6 c&u tric nhu soi d6i dién véi né trude day. Trudong hop phéan chia t€ bao, hai soi
ndy sé tach roi nhau lam khuon tdng hop 2 sgi méi bé sung cua ching tao ra 2 phan tu
ADN giong hét nhau nim & t€ bao con méi hinh thanh. Vi vay, cdc thong tin di truyén
duoc giit 6n dinh trong mot thoi gian rat dai qua nhiéu thé hé. Su 6n dinh trén con nho su
c6 mat chia co ché sira chita sai sét trong qud trinh t6ng hgp ADN. Trong qua trinh nay
nhiftng sai s6t khong stfa chita dugc s€ tao ra cic dang dot bién cung cdp nguyén liéu cho
qua trinh ti€n hod.

1.3.2. Su thay d8i théng tin di truyén la co 6 caa quaé trinh tién hoa
Su 6n dinh di truyén gan nhu 1a hoan hao, song doi khi van xuét hién nhitng thay doi
di truyén duoc goi 1a dot bién di truyén (genetic mutation). C6 nhiéu nhitng dot bién nhu

11
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vay s& bi loai bd hodc 1am cho cd thé dot bién bi chét. Tuy nhién, lai ¢6 nhiing c4 thé
song duoc va thich nghi véi moi trudng mdéi. Kha nang thich nghi vé6i diéu kién méi nay
sé cao hon va duoc di truyén manh hon, dan dan tao thanh quan thé mdi. Trong khi d6
nhiing ca thé hoang dai khong dot bién s& dan bi loai bo. Day chinh 14 co $& cua qud trinh
ti€n hod tao ra su da dang phong pht ctia the giéi tu nhién.

1.3.3. Thd tu tuyén tinh ADN ma hoa cdu tric khong gian 3 chiéu cua protein

Quad trinh truyén thong tin di truyén & dang thi tu tuyén tinh cdc gdc nucleotit nam
trong sgi ADN dé thanh cau tric khong gian 3 chiéu cta phan ti protein duoc tién hanh
qua 2 giai doan. Truéc hét, ADN néi vong xoan dé 1ong ra mot soi lam khuon tong hop
mot so1 ARN (axit ribonucleic) méi 1a két qua duge sao chép tir ADN nén goi 1a ARN
thong tin (ARN,,,). Sau dé, ARN_ s€ thuc hién phién ma bang cach dua theo cau tric cla
no, cdc aminoaxit phai sap x€p theo trat tu tuong tng dé tao ra phan tir protein. Céc phan
tir protein hinh thanh s€ tu sap x€p lai thanh cau tric khong gian 3 chiéu nhd céc lién két
hidro, tuong tac ion, tuong tdc Vandecvan (van der Waals) va tuong tdc ki nudc. Véi cau
tric dac bi¢t nay da lam cho protein hoan toan khac véi cac dai phan t sinh hoc khdc, né

dac trung cho ting giong loai riéng biét.
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http://tieulun.hopto.org



Chuong 2
TE BAO VA CAU TRUC TE BAO

21. TE BAO - DON VI SONG NHO NHAT

Tat ¢4 céc co thé song déu ciu tao tir 1& bao. Co thé song don gian nhat 12 gidi virut.
Chiing dugc x&p vao gidi sinh vat vo bao ¢6 nghia la virut chua ¢é ¢du tao t€ bao. Moi
virut chua duoc goi 1a mot t€ bao ma goi la mot hat virut (virion, virus particle). bo la
mot virut thanh thuc, ¢é két cau hoan chinh. Thanh phan chu yéu ctia hat virut la axit
nucleic (ADN hay ARN) dugc bao quanh boi mot vo protein. Co thé song don gian, vi du
nhu vi khudn va cdc dong vat nguyén sinh 1a € bao don, riéng ré hay tap doan. Cac co
thé da bao thi phiic tap hon va méi cé thé ¢6 thé bao gom tir vai chuc cho t6i nhiéu triéu
(& bao hoat dong nhu mot thé théng nhat. Co thé ngudi c6 16 10" 1€ bao.

Hé thong sinh gidi ¢6 thé duge thé hién qua mo hinh sau theo cach sap x&p cta nha
sinh hoc Trung Quéc Tran The Tuong (1979)

Sinh Gidgi Boéng vat
vat Gigi Nam

nhan /

chuén Gigi Thuc vat

Sinh Gidi Vi khuén lam

vat \

nhan

so Gidi Vi khuén

Sinh
vat Gidi Virut

vb bao~

Tat ca cic 1€ bao déu c6 kich thudc sieu nho dugc so sanh trén hinh 2.1, gom 3 cdu
triic co ban : ‘

a) Cac t€ bao déu dugc bao quanh boi mang sinh chat, hoat dong nhu mot bic vach
ngan gitta phan bén trong va bén ngoai t¢ bao, dong thoi gidp diéu hoa cdc thanh phan
bén trong té bao.

b) Bén trong mang t€ bao ¢6 nhan hoac nguyen li¢u nhan chia thong tin di truyén va
kiém soat tdt ca cac hoat dong ctia t€ bao.

¢) Khong gian giita. mang va nhan t€ bao déu chira dich 16ng hodc nhét goi 1a t€ bao
chat, trong d6 xay ra céc phan dng chuyén hod hod hoc, la noi san xuat va du trir cac chat
can thiét cho té bao.

13
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Hinh 2.1. So sanh méi niong quan vé kich thidc giita nguyén nt, 1¢ bao

va cdc co thé sinh vt bdc cao
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2.2. CAU TRUC CUA T BAO
2.2.1. Ming t& bao

Mo hinh vé cdu tric mang t€ bao hay mang sinh chat 1a mo hinh kham dong. Mo
hinh nay duogc minh hoa trén hinh 2.2. Lp kép lipit lam khung cho mang, cdc phan t
photpholipit di dong tu do voi diéu kién giit nguyén hudng phéan bo trong mot nua 16p kép
cua ching. Cholesterol v6i mot ti 1¢ nho nham han ché & mot mic do nhat dinh sy di
chuyén cta photpholipit va do d6 co chiéu hudng tao ra sy 6n dinh cho cdu tric mang.
Protein mang bao gom ca loai cu va loai sgi. Mot s§ dugc goi 12 protein Xuyén mang,
chay thing qua mang va c6 ca ddu ngoai bao lan dau noi bao. Cic protein khic goi la
protein bam mang c6 dinh & mot nira cua 16p kép hoac chi bam vao bé mat mang. Pa so
protein ¢6 thé chuyén dich sang bén nhung van dugc giit trong mang bang cac luc hap
dan. Luc nay xuat hién giita cdc nhém ki nude —R clia aminoaxit choéi ra tr protein véi
cac dudi ki nude cha cac phan tu lipit.

Chiic nang chinh cia mang sinh chat 1a hoat dong nhu mot hang rao can chon loc
gilta moi truong bén trong va bén ngoai 1€ bao. Mang c6 tac dung diéu chinh su van
chuyén vat chat vao va ra ngoal t€ bao. Qua trinh van chuyén nay bao gom nhiéu co ché
khéc nhau, tir khuéch tan don gian dén cac phuong thic phic tap cta van chuyén
cha dong.

Su khuéch tén la phuong thic thong thudng dé t€ bao nhan vao hoac cho ra cac phan
ttr nhoé nhu oxi hoa tan, dioxit cacbon va cdc phan tir nudc. Céc ion nhd nhu Na®, K va
Cl ciing c6 the di qua duoc. Khuéch tan dua vao su khic biét vé nong do. Cac chat luon
di chuyén thuan chiéu v6i "gradien nong do" tic la chuyén dich tir phia nong do cao vé
phia nong do thap. Su di chuyén ndy xdy ra don gian vi cdc nguyén tu va phéan tr luon o
trang thai di dong ngau nhién lién tuc, dua t6i mot su can bang néng do, ciing chinh la
thi€t 1ap su can bang dong gitra 2 phia cha mang. Khuéch tdn ¢6 thé xdy ra truc ti€p qua
16p kép lipit clia mang, song ¢0 I€ chil yéu 12 mot s6 protein trong mang da hoat dong nhu
"phu khuan vdc" hoac céc "kénh" dé van chuyén céc chdt qua mang. Khuéch téan luon
luon 12 qué trinh thu dong va khong can phai tiéu hao nang luong.

Mang 1€ bao con c6 tac dung nhu mot mang ban thé[mv, cdc phan tu nudc qua lai 2
phfa ctia mang theo nguyén tac thim thau.

Su van chuyén chli dong luon can c¢6 cdc protein mang. Trong trudng hop nay céan
phai tiéu hao nang luong vi cdc chét dugc van chuyén ngugc vdi gradien nong do.
Céc phan tir protein ¢6 thé quay hoac bi€n dang. Van chuyén chi dong tham gia vao
nhiéu hoat dong chuyén hod nhu hap thu va tieu hod thic an, bai ti€t va dan truyén
xung than kinh.
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2.2.2. Mang ludi ndi chat

Trong noi bao 1a mot hé thong mang ludi goi tat la mang noi chat. Cac mang nay ¢6
cau tric gan tuong tu nhu cdu tric mang & bao bén ngoai. Cac vach ngan gilta cdc mang
da tao ra cac khoang dep goi 1a cdce xitec. Cac xitec nay lai ¢ mang bao quanh nua va
thuong thong véi nhau. Céc hat riboxom dugc kham trén cdc mang nay va ¢6 nhiém vu

san xuat protein dé dung trong cac xitec.

2.2.3. Thé Golgi

Bao gom mot chéng cic xitec dep, tron hinh dia, bao boi mang noi chat tron khéng
c6 céac hat riboxom bam vao. Chiic nang chinh cta thé Golgi 1a gin nhém tién 6
cacbohidrat vao véi protein, tic 1a hoan thién viéc tong hgp dong goi glicoprotein. Cudi
cung thé Golgi hop v6i mang sinh chat giai phéng cdc glicoprotein ra ngoai t€ bao. Thé
Golgi con tham gia vao viéc ché tao thém cac chat nhu polisaccarit va mot s6 hoocmon,

déng ké nhu insulin va gastrin.

2.2.4. Lizoxom

Tu thé Golgi cling tao nén cdc tdi ¢6 mang bao boc goi la lizoxom. Céc tiii ndy 6 lai
t€ bao chat. Lizoxom chita nhi¢u cdc enzim manh va thuc hién vai trd tiéu hod noi bao.
N6 phéan huy thirc an vao qua thyc bao va tan cong cac bao quan da hong. Céac chat hitu
ich thu dugc qua tiéu hod nhu aminoaxit va duong don duoc hap thu bdi t€ bao chat,
con cdc nguyén liéu ran duge thai ra khoi t€ bao khi cdc tai lizoxom két hgp véi mang
sinh chat. ]

Lizoxom ciing tham gia vao su phan huy cdc nguyén liéu t€ bao sau khi t€ bio chét.
Qud trinh nay xay ra trong qud trinh bién thdi con trung hodc khi con nong noc tiéu dudi.
Su r6i loan chitc nang lizoxom c6 1€ 1a nguyén nhan gay nén mot s6 loai ung thu.

2.2.5. Mang ndi chit tron

Da s6 1€ bao ¢6 chita cdc khu vuc mang kéo dai tr mang noi chat nhung lai khong cé
cac hat riboxom bam ngoai. Cic mang nay c6 lién quan 14i viéc tong hop cac lipit khic
nhau ké ca steroit. Cac khu vuc ndy dac biét phat trién trong céc 1€ bao v cua tuyén trén
than, noi san sinh ra cdc hoocmon steroit.

2.2.6. Mang nhan

Mang boc nhan cha cac t€ bao nhan chuan tao mot vach ngan giita t& bao chat va chat
dich trong nhan hay dich nhan. Mang nhan nay c¢6 nhiéu 16 thing vi duoc blI bai cac
protein dé diéu chinh mot cdch tich cuc giita nhan v t& bao chat.

16
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2.3.1. Nhan
Su xuét bao
Tui tiét
Chét nén
té bao chéat
Soi siéu vi (actin)
Ong siéu vi (tubulin)
Chéat nhan chua
nhiém sac chat
Nhan nhé
L6
mang nhan

B6 khung
té bao

17

Bong tai

Ti thé
http://tieulun.hopto.org

Mang néi chéat hat
Mang noi chét
riboxom ty do

Lizoxom < :
Hinh 2.3. Cdu triic siéu hién vi 16" bao nhan chudn

3.CSHOA SINH.A



Nhan ¢6 2 chic nang cht yéu : diéu hoa hoat dong clia t€ bao cing nhu kiém soat
hoat tinh hod hoc ctia 1€ bao va mang thong tin di truyén dé truyen cho cdc t€ bao con khi
phan bao. Ciu tric nhan dé thuc hién chic nang di truyén la cdc nhiém sac thé, méi
nhiém séc thé lai gom hing day cdc gen. Cac gen dugc cdu tao tir axit deoxiribonucleic
(ADN). N6 lién két véi cac protein dac biét la histon tao ra cac chat nhiém sic goi 1a
nhiém sic thé. Cac chat nhiém sic c6 tinh axit do d6 cé thé dugc nhuom chon loc bang

cac thudc nhuom kiém, thi du xanh metylen.

2.3.2. Nhin nho

Trong nhan thuong c6 mot vai nhan nho dam déac hinh cau. Céc cdu tric nay duoc tao
{r axit ribonucleic (ARN) cong them mot it ADN va protein. Chic nang chinh la dé tao
ra riboxom. M6i nhan nhd s& san xudt ra cac tiéu don vi dé tao riboxom. Cac don vi nho
niy di qua mang nhan ra t& bao chdt roi mdi két hop v6i nhau. Cac nhan nho khong ¢6
mang riéng bao quanh. N6 v va tiéu bién khi t&€ bao phan chia va lai xuat hién khi t€ bao

con da tach roi nhau.

2.3.3. Ti thé

Ti thé 1a bao quan hinh tron hodc hinh xdc xich dai 2-5 p. N6 ¢6 trong tat ca cac 1€
bao nhan chuan vi qua qua trinh hod hoc ciia ho hap, ti thé cung cip nang lugng cho cac
hoat dong cta 1€ bao. Chinh ti thé sinh ra ATP. Chét nay cung cap nang luong van nang
cho tat ca cdc co thé song. Nho ¢6 enzim ATP-aza, mach ATP ¢6 thé gay & bat cir dau va
bat cit khi nao can dén. Trong méi t& bao, s& luong ti thé dao dong tir 50-1000. Céc t&€ bao
hoat dong manh nhu ¢ gan ¢6 s6 lugng 16n ti thé, & tim lai con 16n hon.

2.3.4. Luc lap

Luc lap 1a loai bao quan 16n, ¢é duong kinh 4-10 p. N6 chita cdc sic t6 mau xanh luc
goi la chat diép luc (chlorophyl) va c6 trong céc t€ bao c¢6 kha nang quang hgp nhu t€ bao
14 cay xanh. Chdc nang 1a hdp thu nang luong 4nh sdng dé quang hop tao ra cic phan tir
cacbohidrat tir cac chat vo co nhu COZ va H,0.

2.3.5. Cac s¢i siéu vi va dng siéu vi

Cac soi siéu vi la cdc soi manh, duong kinh 4-6 nm, cau tao ti loai protein goi 12
actin. Sy ¢6 mat cua ching c6 lién quan dén su van dong t€ bao ké ca sy tham gia cta
chdng vao phan bdo, nhap bao cling nhu su di chuyén clia toan & bao.

Cic ong siéu vi la cdc ong rong dai, dudong kinh khodng 25 nm, cdu tao tir protein
turbutin va tuy theo su can thiét ¢6 thé nhanh chéng tap hop lai hoac tan ra. Céc 6ng siéu
vi cung hon cdc s¢i siéu vi va hoat dong nhu céc cdu tric nang dd trong t€ bao, hinh
thanh nén céi giong nhu bo khung xuong bén trong t€ bao va goi 1a bd khung t&€ bao. Cic
ong sigy vi doi khi tham gia van chuyén cdc chét tir chd nay dén ché khic bén trong 1€
bao va ¢6 thé 1a thanh phéan phu clia cdc bao quan khac.
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2.3.6. Trung tu, 16ng rung va roi

Tat ca cdc bdo quan nay déu c6 cau tric tir cdc ong siéu vi. Trong quad trinh phan bao,
trung tir phan chia, di chuyén vé hai cuc doi lap clia t&€ bao va hoat dong nhu cic uéu
di¢m cho viéc hinh thanh nhan ctia céc t€ bao con.

Long rung va roi giong nhu cdi chéi manh phat ra tlr t€ bao va c¢6 cdu tric ¢o ban
giong vai trung tir. Ca long rung va roi déu tham gia vao su di dong va van chuyén t€ bao.
Long rung thudng ngan hon roi va hoat dong tap thé trong cac nhom chiic nang, trong khi
d6 roi thudng 16n hon va hoat dong don doc.

2.3.7. Khong bao

O cac t€ bao truong thanh bat dau xudt hién khong bao. Trong khong bao chu yéu la
nuéc va mot s6 chat khdc goi chung la dich bao. Thanh phan cla dich bao la cdc axit hitu
co, duong, aminoaxit, protein, mot sO rat it cdc chat khac nhu mau sac, khang sinh,

enzim, ...
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Chuong 3

THANH PHAN HOA HOC CUA CO THE SONG VA VAITRO
cUA NUGC TRONG QUA TRINH SONG

3.1. CAC NGUYEN T6 HOA HOC TRONG CO THE SONG

3.1.1. Thanh phan cac nguyén t0 hoa hoc quyét dinh su séng )

T bic tranh dudi day (hinh 3.1) vé thanh phan céc nguyeén t6 dugc phan bo trong Vil truy,
v6 trdi dat va co thé ngudi, c6 thé thay H va He 1a thanh phan chii yéu trong v try, O va
Si 1a thanh phan cht y&u trong v trdi dat con 4 nguyén 1o H, C, N va O 12 thanh phéan chu
yéu trong co thé con ngudi. Cic nguyén t6 khac dugc xem la tuong duong giita vii tru va con
ngudi. Néu dung 1a nhu vay, phai chang ¢6 thé xem con ngudi 1a mot vii tru thu nho ?

100,000 F
10,0001 & § ¢
1000 | £
107 B
1 ~
0,1+ &8
- 9 10 11 12 13 14 15 16 17 18 19 20 Cac
H He Li O F NeNaMg Al Si P S Cl Ar K Canguyéntd
khac
Hinh 3.1. Thanh phdn ciia vii tru, vo trdi ddt va co thé nguoi
Ghi chi :
Cot trai : Vil try
Cot gita Vo trai dat
Cot phai : Co thé nguoi
D&u cham : Nho hon 0,01 trén 100000 nguyén tu
Truc tung : S6 nguyén tit/100000 nguyén tir
Truc hoanh : S6 nguyén t6 va nguyén i
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Su song gan lién véi su hinh thanh cdc chat ¢6 cdu tric phan ti 10n va phic tap.
Ching chi ¢6 thé hinh thanh tir mot s0 nguyen 16 va chi ¢6 thé bén viing trong nhitng dicu
kién moi trudng han ché. G vii tru v6i H va He s€ khong ¢6 hoa hoc. Cing khong thé ¢6
hod hoc trong lua do cla cdc Vi sao, noi ma tat ca cac hop chat déu nd tung thanh cac
nguyén to hoa hoc. & moi trudng lanh nhu mat trang va mot 6 hanh tinh ¢6 thé xuat hién
mot qué trinh hoa hoc cham rai va gian don nhung that kho dé hinh thanh ra céc phan tr
phtc tap nhu protein hodc axit nucleic. Chi trong nhiing di€u kién on hoa cta mot hanh
tinh thich hop nhu Tréai Dat, chia nhiéu nguyén t6 c6 kha nang tao thanh céac hgp chat
phitc tap méi c6 kha nang nay sinh sy song. Oxi va hidro 12 2 nguyén té c6 ham luong
16n trong co thé song. Dieu nay cho thdy vai trd quan trong va quyét dinh ctia nuéc doi
v6i su song. C6 1€ ciing vi vay, chi v6i thanh phan c6 nhiéu oxi va hidro nhu vo trai dat

m&i dap img dugc yéu cau nay sinh va duy tri su song.

3.1.2. Cac nguyén t6 sinh hoc

Trong co thé song ¢ khoang 30 nguyén 16 hod hoc da x4c dinh duoc. Da s6 cac
nguyén 16 nay c6 khoi luong nguyén 1 nho. Trong d6, 4 nguyen 16 quan trong nhat la C,
H. O va N chiém t6i 90% khoi lugng chia t€ bao song. C6 mot sy tring lap 1a 6 trong s0 8
nguyén t6 pho bién nhal cua co thé song lai nam trong sO 9 nguyén t6 pho bién nhat
trong nudc bién va trong khong khi. bay dugc xem la két qua hoan toan ¢6 tinh logic.
Chinh tir nudce va khong khi da-hinh thanh nhiing mam song dau tién va tiép theo la cac
qué trinh ti€n hod da xdy ra déng hanh véi su c6 mat clia nuée va khong khi.

' Bon nguyeén 16 C, H, O va N Ia rit quan trong d6i vGi su song vi chiing ¢6 xu thé
manh mé dé hinh thanh cic lien két cong hod tri, trong d6 C dong vai tro quyét dinh.
Cacbon 12 nguyén t6 duy nhat ¢6 kha ning két hop véi nhau tao ra bo khung cacbon da
dang khac nhau : mach thang, mach nhanh, mach vong va dang khung cho phép tao ra
tap hop vo ciing 16n cic chat hitu co. Bo khung cacbon lai ¢6 kha nang lién két véi cac
nhém chitc nhu hidroxyl - OH, cacbonyl - CHO, cacboxyl - COOH, amin - NH,,... gop
phén tao ra cdc phan tir da chitc nang.

Tuy nhién, sy song khong chi tao dung dya trén 4 nguyén 16 nay. Rat nhiéu céc
nguyén t6 khéc ciing can thiét cho su song trén Trai Dat duoc néu ra trong bang 3.1. D6
la cac nbguyén {6 chit chét nhu luu huynh, photpho ¢ kha nang tao céc lien két cong hoa
tri va céc ion Na*, K, Mg2+, Ca®, va Cl'". Luu huynh la hop phan quan trong cua
protein, con photpho gi vai trd chii yéu trong trao doi nang luong. Mot s& cac nguyén t6
khéc duge xép vao dang can thiét véi lugng it hoac & dang vet ¢6 tac dung ho trg cho su

xic tdc trong cic phan tng hod sinh.

21

http://tieulun.hopto.org

:
{
i
K
]
¥
4
i




BANG 3.1. CAC NGUYEN TO PUGC PHAT HIEN TRONG CO THE SONG

Cac nguyén to

Ham lugng

Céac nguyén té

Ham luong

Mdrc 1

Cacbon
Hidro
Nito
Oxi

Mirc 2

Canxi

Clo

Kali

Luu huynh
Magié
Natri

Phét pho

Muic 3

Co6 ban
béng
Kém
Mangan
Sat

Chiém lugng I6n

trong co thé séng

Chiém lugng nhd

trong co thé séng

Chiém lugng rat nho

trong ca thé séng

Miic

4

Acsen

Bo

Brom

Crém
Flo
Gali

o]

Molipden

Va
Vo

nadi

nfam

Chiém lugng vét

trong co thé séng

BANG 3.2. TI LE CAC NGUYEN TO SINH HOC CAU TAO NEN CO THE NGUOI

Cac nguyén to Tilée Cac nguyén tg Tilé
Cdc nguyén té chinh : 99% Cdc nguyén té khdc 1%
Oxi 65% Kali 0,35%
Cac bon 18% Luu huynh 0,25%
Hidro 10% Clo 0,16%
Nito 3% Natri 0,15%
Canxi 2% Magié 0,05%
Phét pho 1% Sat 0,04%
Poéng vét
16t vét
Kém vét
Mangan vét
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32 VAI TRO CUA NUGC TRONG QUA TRINH SONG

3.2.1. C4u tao va tinh chat cuia nudc

Phin 16n oxi va hidro ¢6 trong co thé song la ¢ dang nudc. Nudc chiém 75% khoi
luong da s céc t€ bao, Tuy nhién, {i 1¢ nudc cling phu thuogc vao su ¢6 mat cua nguyén
licu khung. Trong céac co thé khong c6 mo cing, ti [¢ nudc thuong vao khoang 75%, con
trong co thé ngudi do c6 khung xuong nén ti 1é nudc vao khoang 60%.

Su lién két dac biét gilta oxi va hidro trong phan tif nudc da lam cho nudc ¢ rat
nhiéu tinh chat quan trong c6 ¥ nghia dai v6i su song. Nhu minh hoa trén hinh 3.2, va
hinh 3.3, ba nguyén tit hop thanh mot phan tir nuéc khong ciing ndm trén mot duong
thang, 2 lien két O-H nay da tao ra mot gbc 104°5. Phan to nudce s€ khong c6 cdu tao doi
xGng va 1a mot phan tu phan cuc. Su phan cyc nay di dan dén su tuong tac gilta cac phan
ti nude theo kiéu lien két hidro. Day cling 1a mot trong nhimg loai lién két dac trung tao
ra su tuong tac gilta cdc phan tr sinh chat. Chinh vi thé, nudc da tré thanh mot chat hoa
hoc giit vai trd tién quy€t doi v6i su song. That vay, cdc qua trinh hoa hoc va vat li cua sy
song doi hoi cac phan tir phai luon c6 kha nang di dong, ti€p xdc lan nhau va trao déi céc
hop phan trong qud trinh trao d6i chat va téng hop phitc tap. Nudc khong chi la mot chat
16ng phd bién trén Trai Dat ma con thich hop cho cdc muc dich trén.

pién tich
duong nho &°

Truc O-H cla
phan tr nuac

Goc %6’ dién tich

lign am tudng ,

két ing gan Lién két
104,5° nguyén tu hidro manh

oxi trung vai

Lién két truc O-H
hidro yéu
léch voi
truc O-H

7/ Pién tichduong
nho 8*

5*va 8 dién dat cac
dién tich rdt nhd

Hinh 3.2. Sdp xép'cdc nguyén nt Hinh 3.3. Lién két hidro
trong phdn nr e giita cdc phan nt

3.2.2. Nudc Ja mot dung moi

Qua trinh song can c6 hang loat céc ion va phan t&r duge chuyén dong 0 ké can nhau
tifc 12 phai hoa tan dugc trong moi trudng chung. Nudc c6 téc dung nhu mot moi truong
phd bién trong noi t& bao ciing nhu ¢ ngoai t& bao 1a nhd vao tinh hoa tan cao cua no.

Kha nang nay la két qua clia xu huong hinh thanh lién két hidro va do tinh ludng cyc cta
nudc quyét dinh.
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a) D61 v6i cdc phan tr va nude. Cac phan (o ¢6 cdc nhém chiic ¢6 kha nang tao thanh
lién két hidro déu ¢6 xu hudng lién két hidro véi nude. Vi du, nhu cdc hop chat ¢6 nhém
hidroxyl, amin, sunfuhidryl, este, xeton va hang loat cdc hop chat hitu co khac) Khi cac
phan i ¢6 noi lien két hidro tao thanh cic vong xodn ciling ¢6 kha nang md xoén dé tao
thanh mot $6 hoac tat ca dé chuyén thanh lién két hidro v6i nude (hinh 3.4). Céac hop chat

khong tao thanh lién
két hidro duong nhién
thudéng it tan trong
nudc. Cac hop chat vo
co (Vi du NaCl) tuy
t6n tai ¢ thé ran nhu
mot mang  ion bén
viing song van hoa tan
hoan toan trong nudc,
do la do tinh ludng
cuc ctia cac phan tr
nuéc. Tuong tic cua
cac ludng cuc vai
cation va anion trong
dung dich nuéc lam

Hinh 3.4. Su thay doi lién két hidro khi hoa tan trong micée

cho cdc ion bi hidrat hod, c6 nghia la cdc ion bay gio dugc bao boc boi 16p vo phan tir
nude (hinh 3.5). Hang $6 dién moi cao clia nudc ¢on lam giam luc hiat gitta cac dién tich
¢6 dau trai nguoc déng thoi lai cting ¢6 thé day ching gan nhau hon. Ban chat ludng cuc
ctia cac phan tir nuée ciing l1am cho nuée ¢6 khd nang hoa tan cdc phan tir hitu co phi ion
nhung mang cyc nhu cac phenol, este, amit. Cac phan tir nay thudng ¢6 momen ludng cuc
16n va tuong tac voi cac ludng cuc nudce kich thich su hoa tan cua ching trong nudc.
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b) Doi v6i cac phan tir ki nude. Phan tr clia cdc chat nay. vi du nhu hidrocacbon, 1a
phi cuc, phi ion nén khong thé tao ra céc lien k&t hidro va chi hoa tan rat han ché trong
nude. Khi cac phan i ki nude hoa tan, ching khong tao thanh cidc vé hidrat hod nhu cac
chat ua nudc tao ra.
Trong truong hop
nay, cac lién ket gitra
cac phan tu nudc tao
ra nhu mot mang ludi
hay con vi nhu mot cai
long gilt cac phan tur
ki nuéc & bén trong
(hinh 3.6). Puong nhién
s&¢ khong c¢6 nhiéu
phan t chat ki nudc
bi phan tan nhu vay, -
va du cho ¢é xay ra thi .-
xu thé tap hop lai cling Hinh 3.6. Cdc phan tt nudc tao thanh long bao 14y phdn tt ki meoc
14 khong tranh khoi.

¢) Poi vé6i cic phan tir ludng tinh. Cac phan tir nay mang déng thoi ca hai tinh chat va
nude va ki nudc, vi du céc chat béo, cac chat tdy rira,... Khi hoa vao nudc, ching c6 the
tao thanh mot 16p don phén tu trén bé mat nudc véi cich dan déu céc phan tu theo ciach
diu wa nuéc quay xuong dudi chim vao trong nude, con diu ki nude quay lén trén. Trong
trudng hop dugc khudy tron manh thi ¢6 thé hinh thanh cdc chudi phan t cuodn lai tao ra
mot hinh cdu chi ¢6 mot 16p phan wr véi bé mat hinh cdu la cdc phan ua nude con bén
trong 1a cac phan ki nude (hinh 3.7) goi 1a cac mixen. Truong hop tao hinh cau vai lop
kép gém 2 16p phan tir quay phan ki nudc vao nhau thi d6 chinh 12 hinh anh mang t€ bao
da dé cap dén trong bai trudc.

s

A. Cac phan tlf hinh thanh mét 16p bé : B. Cac phan t& hinh thanh mét mixen

mat hinh cau
Céac phan ki nudc dung diing tén khoi Céc phan ki nudc ctia phan tif quay
bé mat ctia nudc vao mixen, con cac phan t& ua nuoc

nam trén bé mat
Hinh 3.7. Céc phan ne ludng tinh hinh thanh lop bé mat hodc mixen hinh cdu
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i

Nhu vay, c6 thé xem nudc 12 mot dung moi cuc tot cho nhiéu chat vo co va hitu co.
Céc dung dich nudc duoc tao ra ¢é nhiéu dac tinh tuyét voi cho phép qua trinh séng duy
tri on dinh va hoat dong ¢ mitc do hoan hdo, trong dé phai ké dén cac dung dich keo. Céc
phan t nude ké hop quanh cdc dai phan ta, vi du nhu protein dé tao ra dung dich keo.
Truong hop dung dich lodang khi cdc phan tir khuéch tan déu khap dung dich. Su phan bo
nhu thé€ goi 1a sol (hinh 3.8). Nguoc lai, cdc dai phan tir c6 thé lién két véi nhau tao nén
mot mang lugi thua han ché su chuyén dong cua céc phan tir chat tan. Trong truong hop
nay dung dich keo tré nén quanh, dong két va duoc goi 1a gel (hinh 3.8). Mot s6 keo ¢6
kha nang bi€n doi thuan nghich tir trang thdi sol sang trang thdi gel. Nguyén sinh chat
cua cdc 1& bao vé ban chat 1a dung dich keo. Kha nang bién déi tir sol sang gel 1a rat ¢ y
nghia trong su van dong cua t€ bao vi du nhu amip va bach cdu. Sy dong mau ciing 12 su
bién d6i tir sol sang gel.

Sol

.;:; Su chuyén
- thuan nghich
cac trang thai

———

—
Dung moi ) l/ R Dung méi
Cac phan tu tan Cac phan tu tan
khuéch tan khap bam vao nhau va
dung méi khép cac phan ti

dung moéi vac mot
mang 1udi thua

Hinh 3.8. Hai dang keo hinh thanh trong niéc

Nu6e khong don thuan chi déng vai trdo lam dung moi cho cic phan tng chuyén hoa
trao doi chdt ma con truc tiép tham gia rat nhiéu phan ing nhu cdc phan ting thuy phan va
trung ngung. Nudc ¢é anh hudng rat 16n dén cau tric va chic nang cla cac phan tir va
cau tric sinh hoc.

3.2.3. Sy ion hoea cua nudc

Mac du nu6c chh yé&u la phan tir trung tinh, song & mot mic do nio dé né cé xu
hudng ion hod, tic 1a ¢6 thé tdic dong nhu mot axit ciing nhu mét bazo. Phan tif nuée ¢é
thé¢ chuyén mot proton cho phan tir khic dé c¢6 mot ion oxoni va mot ion hidroxyl, cho
nén nuéc vira 1a thé cho vira 12 thé nhan proton :

H,0 +H,0 < H;0"+OH
Tuy nhién, phuong trinh trén duge biéu dién & dang don gian hon :
H,O0=H" + OH
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Theo tinh toan, mitc do ion hod cta nudc & 25°C rat thap, chi chi€ém khoang 1 trong
s6 10 phan tir, dodé [H'] = [OH] =10'M va pH = - log[H'] =7

Tuy nhién, su phan li cdc ion clla nudc con phu lhuoc Vao nhlcl do, nén dung dich
trung tinh khong phai luén luon chuan xac véi [HT] = [OH] =10 ™. Vi du, & co the
nguoi ¢ than nhiét 37°Cnén [H'] = [OH] = 1,6.10 ™.

Gié tri pH tinh theo logarit thap phan, do d6 n€u hai dung dich ¢6 do pH chénh 1¢ch
nhau moét don vi, thi nong do H* sai khac nhau 10 1an. Vi du, nuéc uong Coca Cola ¢6
pH = 3 va ruou vang do ¢6 pH = 3,7 do d6 nong do [H'] gdp 10000 lan 16n hon cua mau
c6 pH = 7.4. Do pH anh hudng rat 16n dén cau tric va chic nang ctia cdac dai phan
sinh hoc. Do vay cdc qua trinh sinh hoc rat nhay cam v6i su thay do6i pH, tham chi la rat
nhé. Viée xac dinh pH phai dugc xem la quan trong nhat va phai lam thuong xuyén trong
khi thuc hién cédc phan Gng sinh hoc.

3.2.4. Can béng axit va bazo yéu

Céc phan tir sinh hoc luon ton tai va thé hién chic nang ctia minh khong chi trong
moi trudng hoan toan nudc, ma trong dung dich d6 con chia rat nhiéu cdc chat trao doi
nhu muéi khodng, axit va bazo hitu co,... Cdc chat nay ciing ¢6 anh huong doi véi pH
ctia dung dich. Vi du, trong dung dich axit, axétic s& phan li, thuc chét 1a qua trinh trao
doi protén, chiing sé tao thanh cap axit - bazo lien hop :

'CH;COOH < H'+ CH;CO0
Héng s6 can bang cta qud trinh ion hod néi trén goi la hang so phan li, ki hiéu 1a K.
Axit cang manh thi K, clia né cang cao va ngugc lai. Dé dé dang sir dung, ngudi ta dua
khai ni¢m pK, ciing giéng nhu khai ni¢m pH nghia la :
PK, = log I/K, = —logK,
Bi¢t duoc K, sé dé dang tim dugc pH cua dung dich axit va bazo yéu theo cong
thic sau :
pH = 1/2pK, - 1/21gC
Vi du : Tinh pH cta dung dich c6 chia 148mg axit propionic trong 1 lit nuéc biét
pK,=4.887

A -3 -3
Maxit propionic =74 nén Caxil propionic =148.107/74=2.10 M

pH = 1/2pK, — 1/21gC = 4,48/2 - 1/2(-2,6990) =3,79

Céc qué trinh sinh hoc phu thudc vao gid tri pH ctia moi trudng. Do d6 1€ bao co thé
s&ng luon c6 xu thé giit pH & bao chat én dinh & gid tri t6i vu nhat. Diéu nay dat dugc
nhd hé dém sinh hoc c6 ban chét 1a hon hop axit yéu va cic goc mudi lién hop tuong Ung
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cua ching. Vi du, cap lién
hgp CH?,CO()H/CH3COO~
¢6 dudng cong chuan do
nhu hinh 3.9.

buong cong chuan do
¢6 mot phan gan nhu nam
ngang, dé chinh la doan
dém c¢6 kha nang gitr pH
cua dung dich rét it thay déi
khi bd sung théem [H'] hoac
[OH']. pH & diém can bang
c6 gid tri bang pK, = 4,76.
Vay hé dém tao bdi cap
CH,COOH/CH,CO0™  ¢6
xu thé git pH on dinh
.Xung quanh gia tri 4,76.

pH

ar '

[CH,COOH] = [CH;CO0O ] |

pH 5,26

pH : 4,26

L / pH = pK, = 4,76

24 CH,COOH

1L

0 0,5 1.0
OH~

Hinh 3.9. Puong cong chudn do axit axétic, viing dém c6 pH
ndm trong khodng 4,26 - 5,26

Cic phan tng sinh hoc trong t€ bao va co thé song thudng xay ra ¢ pH c6 gia tri xung
quanh 7. Trén thuc t€, dém sinh hoc dugc tao bdi nhieu chat ¢é kha nang tao hé dém. B¢
]a cdc aminoaxit, axit va bazo y€u, mach bén cua histidin hoac cac nucleotit, ATP,... Tuy
nhién, vai trd dém sinh hoc quan trong nhat thuoc vé photphat va cacbonat. He dém
photphat  H,PO, / HPO,* ¢6 pK, = 6,86 nén ving hoat dong dém cta né nim trong
khoang 6,4 - 7.4 trang véi pH cua t€ bao chat. Hé dém cacbonat H,CO5 / HCO5 ¢6 hoi
khdc. Ban than axit cacbonic ¢6 phan manh hon, pK, khoang 3.8 thdp hon nhiéu so véi
pH clta mau. Tuy nhi¢n, tham gia vao h¢ dém nay khong chi ¢6 CO, & dang tan, ma c6 ca
CO, ¢ dang khi nita. Do vay pH cta hé dém s¢ phu thudc rdt nhiéu vao ap suat riéng clia
khi CO, ¢ phdi vi mau luon tién hanh trao déi khi & phéi.
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Chuong 4
CACBOHIDRAT

4.1. PAI CUONG

4.1.1. Dinh nghia
Cacbohidrat hay saccarit (dudng) hay con goi 1a gluxit thuoc loai polihidroxiandehit
va polihidroxixeton.

4.1.2. Ham lugng

$ thuc vat gluxit chi€m téi trén 80% khéi luong kho. Hang nam thyc vat va tao cé
kha nang bi¢n d4éi hon 100 ti m® CO, va nudc thanh xenlulozo va céc san phdm hitu co
khéc. O dong vat chi chiém khoang 2% khéi lugng kho.

4.1.3. Chuc nang
_ Lam nhién liéu cung cdp t6i 60% néng luong cho co thé sdng
- Lam bo khung cdu tric va vo bao vé, thuong ¢6 mat & vach t€ bao vi khuan va thyc
vat cing nhu & mo ndi va vo bao vé¢ dong vat.
- Lién két véi protein va lipit mang, dong vai tro lam phuong tién van chuyén tin hi¢u
gilia cdc t€ bao.
4.1.4. Phan loai
C6 3 nh6ém chinh :
- Monosaccarit (ozo, duong don) :
+ Triozo
+ Tetrozo
+ Pentozo
+ Hexozo
+ Heptozo
- Oligosaccarit (oligozo, trong pham vi tir 2 dén 10 phén tr duong) :
+ Disaccarit
+ Trisaccarit
+ Tetrasaccarit
- Polisaccarit (poliozo, trén 10 phan tir dudng) :
+ Polisaccarit thuan (holopolisaccarii, holoozit) : Polihomosaccarit (gom mot loai
o0zo trong phan t) va poliheterosaccarit (gébm nhi€u loai ozo trong phan tir).

+ Polisaccarit tap (heteropolisaccarit, heteroozit) : N-heteropolisaccarit (ngoai hop
chat ctia 0zo con c6 nhitng hgp chét clia nito) va S-heteropolisaccarit (ngoai hop chat cua
0z0 con ¢6 nhitng hop chat cla luu huynh).
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4.2. CAU TRUC VA TINH CHAT

4.2.1. Monosaccarit

4.2.1.1. Cdu tric mach thdng ciia cdc andozo va xetozo (hinh 4.1 va hinh 4.2)

0
1 “
Andotriozg 2 H—4+—OH
3 H——O0H

D-glixerandehit

¢ O
@)
1 K ~
HO ——H
—+—OH
Andotetrozg 2 H OH
3 H——0H H——
4 AN
\OH OH
D-Erytrozo D-Treozo
0 O O : 0]
2 H~—1—OH HO—1—H H—4—0H HO—1—H
Andopentozg 3 H—1—OH H——OH HO———H HO—T—H
4 H—71—OH H———O0H H——1—O0OH H—F—OH
° \OH \OH \OH \OH
D-Ribozg D-Arabinozo D-Xilozo D-Lixozg
/ \\ )
7\ VN 7\ VAN
o) o) o o) 0 o) o) o)
L ¢/
2 H——OH HO—f—H H—~OHHO——H H—~—OH HO——H H——~OH HO—— H

3 H——OH H——0H OH——H HO——H H—t—OH H——0OH HO—~—H HO——H
Andohexozg 4 H—t—OH H—4—OH H——o0H H——0OH HO——H HO——H HO——~H HO—4—H

5 H——OH H——0OH H——0H H—t+—OH H—}—0H H——0oH H——0OH H——OH

6 \OH Now NoH \OH \,\OH N OH \OH \OH

D-Anlozo D-Antrozd  D-Giucozg D-Mannozg D-Gulozg D-Idozo D-Galactozo D-Talozo

Hinh 4.1. M6i quan hé hod hoc lgp thé ciia cdc andozo
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—0 Xetotriozo

H ——L—OH

Dihidroxiaxenton

l
~

OH
——0 Xetotreozo
H——71—0H
H-——\—0H
D-Eritrulozo
OH OH
~ ~
——O —— O
H——t—OH HO —————H Xetopentozd
H——"——0H H ———— OH
\.OH ™~ OH
D-Ribulozg D-Xilulozo

N N

— ~
——0 ——0 ——0 ——— 0
H——1—0H HO ————H H—F—OH HO—7— H
H——1—OH H——1t—OH HO—————H HO———1——H Xetohexozo
H——F—0OH H——1——O0H H———OH H——+—— OH
\OH ~ OH ™~ OH ‘\ OH
D-Psicozo D-Fructozo D-Sorbozo D-Tagatozo

Hinh 4.2. M6i quan hé hod hoc ldp thé cita cdc xetozo

Céc dong phan di lap thé 12 nhiing chat c6 cung cong thitc cau tao nhung c6 cau hinh
khong gian khdc nhau. S5 déng phan phu thudc vao s6 nguyén tir cacbon bat déi (n) ¢6
trong phan tir dudng va bang 2". Vi du, glucozo cé 4 nguyén tir cacbon bat doi sé ¢6 16
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dong phan. Céc dong phan nay duoc sap xép thanh 2 dang cdu hinh ki hiéu la D va L. Hai
dong phan nay déi xung nhau qua guong. Cau hinh D duoc quy dinh d6i véi trudong hop
nhém -OH cta nguyén tir cacbon canh nguyén tir cacbon ¢6 chitc ancol bac 1 nam vé
phia bén phai. Truong hop ngugc lai ¢6 cau hinh L. Da s6 cac monosaccarit trong co thé
¢6 cau hinh D va cdc enzim chuyén hod chdng ciing ddc hiéu cho cau hinh nay.

Su c6 mat cua cdc nguyén tir cacbon bat déi lam cho phan tir dudng c¢6 kha nang quay
mat phang dnh sdng phan cuc sang phai (ki hiéu : +) hoac sang trai (ki hiéu : -). Hén hop
bang nhau ctia cdc dong phan D va L lam triét tieu hoat tinh quang hoc, duoc goi la hén
hop raxemic.

4.2.1.2. Cdu tricc mach vong cua cdc andozo va xetozo

Céc phan t dudng c6 tir 5 nguyén tlr cacbon tré 1én con t6n tai & dang mach vong tao
ra boi lien két O cia nhém -OH véi nhém cacbonyl trong cling mot phan tu. Trong tu
nhién, dac bi¢t khi ¢ dang dung dich, dudng don t6n tai cdu tric vong 5 canh (furan) hoac
6 canh (piran) (hinh 4.3). Trong dung dich nuéc, trén 99% glucozo ¢6 cau tric dang piran
va chi ¢6 1% c6 cdu tric dang furan.

H///’OH o

o-D-Ribopiranozo

AT Ny

D-Ribozo

a-D-Ribofuranozo

H

OH OH
OH OH

B-D-Ribofuranoz% B-D-Ribopiranozo

Hinh 4.3. Cdu triic dang vong ciia monosaccarit
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Cau triic vong con t6n tai vai 2 dang I1a dang gh¢ va dang thuyén (hinh 4.4).

Ghé a Thuyén

Hinh 4.4.Vong piran trong cdu dang ghé’ va cau dang thuyén

O mdi dang con 16n tai 2 dang déng phan (anome o va B) véi quy udc anome o ¢
nhém -OH & vi tri C s6 1 quay xuéng phia du6i mat phang cau tric va anome 3 ¢6 nhém
-OH & vi tri C $6 | quay lén phia trén mat phang cau tric). Trong s6 99% glucozo 16n tai
dang vong piran trong dung dich thi dang o chiém 36% con dang B chi€ém 63% va 1%
con lai 1a cac dong phan o va B cia dang vong furan. Glucozo va fructozo cling dugce coi
la dong phan andozo- xetozo vi ¢ cung cong thic phan ti nhung khac nhau vé vi tri
nhém cacbonyl. Cac dang dong phan Epime la nhitng dong phan khdc nhau & cdc nhém -
OH va -H tai cdc nguyén tir cacbon s6 2, 3 va 4 trong phan tr dudng. Vi du, nhu p-D-
Glucopiranozg, p-D-Mannopiranozo, 3-D-Galactopiranozo (hinh 4.5).

CH,OH CH,OH
CH,OH OH
O
H O
H CH,OH
H OH H OH L
‘ OoH H
u-D-Glucopiranozo 3-D-Glucopiranozd {3-D-Fructofuranozg
CH,OH CH,OH
" o OH
H
OH OH At
HO
H
H H
B-D-Mannopiranoza p-D-Galactopiranozo
Hinh 4.5. M6t so dong phdn ciia monosaccarit
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4.2.1.3. Vai tro sinh li cua mét s6 monosaccarit

BANG 4.1. VA1 TRO SINH LI CUA MOT SO FURANOZG

dudng saccarozg, inulin

trong actis6)

(chlta

Pentozo Nguén Vai tré sinh li
D-Ribozo Axit nucleic Tham gia c8u tao axit nucleic va coenzim
(ATP, NAD, NADP va cac flavoprotein),
chat trung gian trong qua trinh thoai bién
glucozd theo con dudng oxi hoa truc tiép
D-Ribulozo Trong céc phan (ng chuyén | Chat trung gian trong qua trinh thoai bién
hoa glucozd theo con dudng oxi hoé truc tiép
D-Arabinozo Gom Arabic, gém clia mén va | Thanh phan cla glucoprotein
anh dao
D-Xylozo Gom clia gob, proteoglucan Thanh phan clia glucoprotein
va glucozaminoglucan
D-Lixozo Co tim Thanh phan cla lixoflavin dudc tach chiét tir
tim nguadi
D-Xilulozo Chat trung gian trong qua trinh thoai bién axit uronic
BANG 4.2. VAI TRO SINH Li CUA MOT SO PIRANOZO
Piranozo Nguén Vai tro sinh Ii
D-Glucozo Céac dich do thuy phan tinh bét, | La dudng cla cd thé, dugc van chuyén
dudng  saccarozo, mantozo, | qua mau va la dang s dung chinh cla
lactozo cac t8 chie sinh Ii trong cd thé
D-Fructozo Mat ong, cac dich thuy phan | C6 thé bién ddi thanh dudng glucozo &

gan va & rudt, do dé dudc co thé sl
dung

D-Galactozo

Thuy phan dudng lactozo

Cé6 thé bién ddi thanh dudng glucozg &
gan va dudc chuyén hoa, dudc téng hop
G tuyén vi dé tao dudng lactozg trong
stta me. La thanh phéan cta glucolipit va
glucoprotein

D-Manozo

Thuy phan mét s6 gém va nhua

La thanh phan cda nhiéu glucoprotein
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4.2.1.4. Mét vai tinh chdt quan trong cua monosaccarit
+ Phan tmg oxi hoa C, ciia nhém cacbonyl

CH,OH CH,OH

+ Cu,0 + 3H,0

H OH H OH

3-D-Glucopiranozo Axit D-Gluconic
Pay la phan ing Fehling phat hién dudng vi tao ra Cu,O két tua mau do khac véi
. N 2 P N < S . 5 .
dung dich Cu”" ¢c6 mau xanh. Tuong ty, con ¢6 phan dng trang bac khu ion Ag" cho kim
loai bac). Axit gluconic ¢6 thé tao este noi phan tlr cho vong lacton & trang thdi can bang :

CH,OH CH,OH
H OH '
H VA4
OH H
_HO o
H OH H OH
Axit D-Gluconic D-56-Glucololacton

+ Phén tng oxi hod ¢ vi tri C4 cho axit uronic (Glucuronic)
ololon

H OH

Axit B-D-Glucuronic
+ Céc phan tmg khir hod cho cdc poliancol :
- Glucozo — Sorbitol
- Manozo — Mannitol
- Fructozo — Sorbitol
- Ribozo — Ribitol
+ Phan tng v6i nhém -OH & vi tri C; cho cdc glucozit. Phan lién két khong phai
dudng dugc goi 1a aglucon. Céc glucozit twong doi phoé bién trong tu nhién.

CH,OH : CH,OH
H o H
- H y + CH,OH Dung dich axit + H,0
HO OH
H CH H OH
o-D-Glucopiranozo Metyl-a-D-Glucopiranozit
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Hai glucozit rat doc ¢6 trong tu nhién chi¢t xuat ti thuc vat la Ouabain va Amigdalin :

OH CHs
OH
OH |
CH,
H
o
HO O | OH
Ho Chy H
H
H
Oy  OH
Ouabain

Amigdalin
+ Thay thé cac nhém - OH 6 cdc vi tri cacbon khdc nhau cua monosaccarit tao ra céc
heteroozit : ’

CH,0OH CH,OH
OH O OH
H

OH H

H H
H NH,

B3-D-Glucozamin B3-D-Glactozamin
CH,OH CH,OH

NH
0 |
l C—0
HC——COO l
CH3 CH3
CHs , CHy
{3-D-N-Axetylglucozamin Axit Muranic Axit N-Axetylmuramic
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N-Axetylneuraminic axit

CHy (axit sialic)

-D-N-Axetylglactozamin

4.2.2. Oligosaccarit

Chinh vi monosaccarit c6 thé lien két glucozit vdi cac hop chat khdc loai chita nhom
hidroxyl, nén ching 6 thé lién kél gitla cdc phan tr dudng vOi nhau tao ra cac
oligosaccarit va polisaccarit. Oligosaccarit don gian nhat va quan trong nhat la disaccarit,
dugc tao thanh tir 2 phan t dudng don. Bang 4.3 cho thay cac disacarit git nhiéu vai tro
quan trong trong sy song. Cau tric clia mot so disaccarit quan trong dugc chi ra trong cdc
hinh 4.6a, b.

C6 4 dac diém phan biét giita cc disaccarit v6i nhau :

+ C6 2 monome dudng tham gia vao lién két. Cac monome ndy c6 thé cung loai nhu
dudng mantozo va khdc loai nhu dudng saccarozo. Ciing Vi th€ khi thuy phan saccarozo
s& cho mot hén hop tho gém hon hop ciia 2 dudng c6 tén 1a dudng nghich ddo vi mot
trong cdc san phim la dudng fructozo cé do quay cyc manh sang trdi lam thay déi do
quay cuc von ¢6 ciia dudng saccarozo ban dau la quay phai.

[a]Dz() Saccarozo @ + 66°
[l Fructozo: - 92°4
[aJDz‘) Glucozo :  +52°5

Do ngot clia cdc dudng giam dén theo thd ty sau : fructozo, duong nghich dao,

saccarozo, glucozo, sorbitozo va glixerin, xilozo, mantoZo va ramnozd, galactozo, cudi

cung la lactozo.
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CH,OH

(C

Mantozg

Saccarozo
> a-D-Glc

CH,OH

Xenlobiozo

B-D-Glc B-D-Glc

Hinh 4.6 a. Cdu triic ciia mét s6 disaccarit quan trong

38

http://tieulun.hopto.org




Lactozdg

Gentiobizo

Hinh 4.6. b. Cdu triic ctia mét s6 disaccarit quan trong

BANG 4.3. VAI TRO SINH Li CUA MOT SO PISACCARIT QUAN TRONG

thuc vat

Disaccarit Cau tric Nguén Vai tro sinh li
Saccarozo Glca(1— 2)Frup Nhidu loai qua, hat, | S&n phdm cudi cung cla su
cl, mat ong | quang téng hogp, dugc si
dung nhu la ngudén nang
lugng ban dau cla nhiéu cd
thé '
Lactozo Galf(1— 4)Glca Silta, moét vai loai Nguén nang lugng chi yéu

clia dong vat

a,a - Trehalozd

Glca(1-»1)Glca

Nam, méc,

con trung

Puodng tuan hoan chl yéu &
coén trung sU dung nhu
nguén nang lugng

vat (cay long dom)

Mantozo Glca(1— 4)Glcp Thuc vat (tinh bot), | Tao tinh bét cho thuc vat va
doéng vat (glicogen) | glicogen cho dong vat

Xenlobiozo GlcB(1— 4)Glcp Thuc vat Tao polime xenlulozd
(xenlulozg)

Gengobiose GlcB(1— 6)Glcp Mot vai loai thuc | Tao glicozit thuc vat va moét

vai polisaccarit

+ C6 rat nhiéu kha nang lién két gita 2 phan tr dudng, song pho bién 1a céac lién ket
1> 1,152,154, 1>6.

3
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+ Lién k& 1-— 2 lam cho cdc nhém andehit tu do bi khod. Vi vay, dudng saccarozo
la duong khong khir, ngugc lai cdc lien ket khic van con dé lai nhom andehit tu do cua
mot trong hai phan tir dudng con lai nén cdc disaccarit nay van con tinh khu.

+ Cau hinh anome cta nhém hidroxyl ¢ C; cla ting goc ¢ ¥ nghia dac biét quan
trong d6i véi su tao thanh lien két glicozit. Su khdc biét tuy nho chi la cac anome o hoéac
B song né anh hudng dén hinh ddng ctia phan tir va diéu d6 lam cho cdc enzim sin sang
nhan biét cdc hinh dang khic nhau. Vi du, enzim thuy phan mantozo khong thé thuy
phan xenlobiozo. ,

Danh phap céc disaccarit :

- Bat dau viét mach tr dau khong khir ¢ phia tréi.

- Céc dang déng phan duge ki hiéu véi cdc ti€p dau ngit. Vidu : a-, D-.

- Cau hinh vong dugc ki hiéu bang cdc dudi piranozo hoac furanozo.

- Vi tri ctia cacbon tao ra lién két glicozit dugc ghi trong hai dau ngoac. Vidu : (1 — 2).

Vidu : Goi tén saccarozo theo danh phap la :

o-D-Glucopirano (1 2) -B-D-Fructofuranozo.
Pé don gian ciing ¢6 thé viét tat nhu trong bang 4.3.

Danh sdch cac oligosaccarit quan trong vé mat sinh hoc khong chi gidi han o cau tric
dime. Rat nhiéu trime. tetrame, tham chi ¢6 cdc phéan tir con 16n hon nita v6i nhitng céau
tric phic tap hon, ching ta s& con dé cap dén trong cdc phan ti€p theo cua céc
chuong sau.

4.2.3. Polisaccarit

Polisaccarit thuc hién nhiéu chiic nang quan trong trong co thé song. Tinh bot va
glicogen (doi khi con goi la tinh bot dong vat) phuc vu cho viée tich trit duong trong thuc
vat va dong vat. Xenlulozo, chitin va nhiing polisaccarit vach t€ bao vi khuén 1 nhiing
vat liéu cau tric. Ngoai ra con c6 cac polisaccarit thyc hién cdc chic nang khéac nira.

4.2.3.1. Polisaccarit tich triw

Cac polisaccarit tich trit chit chét 1a amilozo va amilopectin. Ching tao thanh tinh bot
trong mod thyc vat va glicogen trong mé6 dong vat va t& bao vi khudn. Ca tinh bot va
glicogen dugc tich trit & dang hat bén trong t€ bao (hinh 4.7). Tinh bot ¢6 trong 1€ bao
cua hau hét cac loai thuc vat. Hat va qua lai cang giau vat liéu nay. Glicogen chita trong
gan, vi vay gan dugc xem la co quan’trung uong tich trit nang luong & nhiéu dong vat.
Glicogen ciing c6 nhiéu trong moé co, noi ching luon san sang va tic thi gidi phong nang
lugng. Amilozo, amilopectin va glicogen déu la cac polime cua glucopiranozo-D-a.
Chiing 1a cac homopolisaccarit thuoc mot nhoém goi 1a glucan tic la loai polime cua
glucozo. Ba polime nay chi khdc nhau ¢ ki€u cac lién két giita cdc goc glucozo.
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Hinh 4.8. Cdu triic bédc 2 Hinh 4.9. Phitc amilozo-i6t

6 CSHOA SINH.A , .
¢ cita anmilozo
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Amilozo 1a polime thang dai khoang 300 dén 1000 géc glucozo noi v6i nhau qua lién
két o (1 — 4). Cau tric so cap don gian va déu dan nay da ['c‘lO‘ ra cau tric bac 2 ¢é cau
hinh helix (xodn) (hinh 4.8) va dugc xdc dinh nhd phuong phdp nhiéu xa Ron-ghen. Tuy
nhién, ciu tric nay ciing khong bén va khi khong cé tuong tac véi cac phan tir khac thi
phan tir amilozo & dang cuén mot cach tuy tién. Mot chat ¢ kha nang lam bén vimng cau
tric ctia amilozo la i6t vi chudi nguyén tir i6t ndm gon ghé trong tam cua helix (hinh 4.9).
Su tao thanh phiic amilozo-i6t nay c¢6 mau xanh dam, vi vay tir lau i6t da duoc dung lam
chat chi thi dé xdc dinh tinh bot. Tuy nhién, khi dun néng, i6t s€ bi tach ra lam mat mau
xanh noi trén.

CH,OH

v" Amilopectin

& -
N G -
e %Owoﬁ&o\io

Hinh 4.10. Amilopectin

Amilopectin (hinh 4.10) va glicogen, ca hai déu 1a polime phan nhanh vi ngoai lién
két o (1 > 4) con mot s6 lién két o (1 — 6). Cac nhanh & glicogen thudng nhiéu va ngin
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hon so v6i amilopectin, song vé nhiéu mat cdu tric ctia 2 polisaccarit nay rat giong nhau.
Khoi luong phan tir ctia amilopectin udc chimg tir 500000 dén 1000000 Da. Pun noéng sé
lam thay déi khong thuan nghich cau tric phan tir amilopectin trong qua trinh ho hod
tinh bot. Glicogen hoa tan trong nudc néng cho mau do tim hoac do nau vai 16t

Tinh bot bi thuy phan duéi tic dung ctia enzim amilaza hodc axit. Cic san pham
thuy phan c¢6 khéi luong phan tr thap hon va khdc nhau goi la dextrin, gom ¢0
amilodextrin, erytrodextrin, acrodextrin, mantodextrin. Tuy theo do 16n cua phan tu, cac
dextrin s& cho phan ting mau khdc nhau véi iot. Cac dextrin con ti€p tuc thuy phan dé cho
cac oligosaccarit ma cudi cung la duong doi gom 2 phan tr glucozo (dudng maltozo)
hoac duong don (dudng glucozo).

4.2.3.2. Polisaccarit cdu tric
Thuc vat dudng nhu khong tong hop va khong su dung cdc protein cau tric soi, song
thay vao do, ching hoan toan dya trén céac polisaccarit dac biét.

+ Xenlulozo (hinh 4.11). Trong s6 polisaccarit chi ch6t & than g6 va than co,
xenlulozo 13 mot polime don gian nhat ¢ nhiéu trong sinh quyén. Cing nhu amilozo,
xenlulozo 12 polime mach thang clia D-glucozo, do d6 cling con goi la glucan nhung céc
g6c dudng & day dugc ndi v6i nhau bang lien két f (1 —> 4). Xenlulozo ¢6 thé t6n tai &
dang mach dai ddy du v6i mdi géc glucozo truot di mot goc 180° so véi goc dung trudc.
O dang nay, mach c6 thé tao thanh cdc dai xép lién ké v6i mang cédc lién két hidro bén
trong va giita chiing. Su sap x&p nay la gidng voi cdu tric phién gap B cua fibroin to tam.
Ciing vi vay, xenlulozo c6 cudng luc co hoc cao nhung tinh chiu cang thi han ché. Su
khdc nhau vé cau tric nay con dan dén mot thuc t€ 1a cac enzim cuia dong vat dung lam
xic tac lien két o (1 = 4) o tinh bot da khong thé cat duoc mach xenlulozo. Tuy nhién,
loai dong vat nhai lai nhu trau bo, hoan toan ¢6 thé tieu hoa xenlulozo dugc vi trong hé
théng tiéu hod cia chiing c6 céc vi khuan cong sinh da sinh ra cdc enzim xenluloaza can
thiét. Mai cling co thé an dugc go (xenlulozo) theo cach tuong tu. Cac protozoan trong

rudt moi c¢é kha nang tiéu hod xenlulozo. Nhiéu loai nam ciing ¢6 kha nang san xuat cdc

enzim ndy. Vi vay, chiing ¢6 thé song nhd vao gd lam nguodn cung cap cacbon.

Hinh 4.11. Cdu triic ciia xenlulozo
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Ngoai thanh phan chinh la xenlulozo, trong CH,C

viach (¢ bao thuc vat con c¢o rat nhieu loai : (lj 5
polisaccarit khac. Cac polisaccarit nay thuong |
duge gop lai thanh moét nhéom véi tén goi la HN ) CH,OH

! o L T v
. 1
hemixenlulozo. /‘&27\0 4 0
+ Chitin (hinh 4.12). S 1a mdt homopolisaccarit A 4 ]
mach thang cau tao wr don vi thanh phan la N- \L : -

axetyl-B-D-glucozamin. Vé co ban chitin ¢6 CH,OH TH
cau tric tuong tu xenlulozo ngoai tru nhom c—o0
hidroxyl & C s0 2 & m6i goc duge thay thé |

CH,

bang mot nhém amin da axetyl hod.
Chitin pho bi¢n rong rdi trong sinh vat, la Hinh 4.12. Cdu mriic ciia chitin

thanh phan nho trong nam va tao va thuong

thay thé cho xenlulozo hoac glucan. Khi t¢€ bao nam men phan chia, ngudi ta tim thay

chitin ¢ vich tao gita 2 1&€ bao dang phan chia. Tuy vay, vai tro chitin ¢ loai dong vat

khong xuong song dugc nghién cttu ki hon ca. O céc loai nay, chitin 1a vat liéu cdu tric cha

CH,SO,
CH,080; 0
Coo
GalNAc-6s
Q o
Lo
coo GalNAc-6s S QUAY
o GlcUA y
o 0 NHCOCH,
4 GIoUA NHCOCH,
Chondroitin sunfat
CH,0S0,
CH,OH Q 5 O
Gal
Q GalNAc-6s
Gal
NHCOCH,
3
Keratan sunfat CH,0OH
CH,OH , Q
COO~ GlcNAc —I
0
q P L
- o
coo 5 GICUA NHCOCH,
a
N NHCOCH,
4 GlcUA 1
2
Axit hialuronic
44 ‘ Hinh 4.13. Cdu triic ctia mor vai glucozaminglucan
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y¢u nén bo xuong ngoai clia con trung va nhuyén the. Trong bo xuong ngoai nay, chitin
tao thanh chit nén (ma tran) va trén do xay ra su khodng hod ciing giong nhu dong vat co
xuong song lay colagen 1am nén dé khodng chat lang dong trén do.

" i
vw‘m o
e

Keratan
sunfat

Chondroitin
sunfat

Truc I6i protein Hialuronic axit

Lién két protein

CH, 0805
OH H o H
R——o—éi——o—R' o M O—
b
4 0S0;3 " NHSO;
Hinh 4.15. Lién két silic voi proteoglucan Hinh 4.16. Heparin

4.2.3.3. Glucoprotei\n

Nhoém ohgosacarlt quan trong nhat 1a cdc khang nguyén nhém mau. Céc khang
nguyén ndy gin két vao mot vai t&€ bao ciing tua nhu cac glucan lién két -O gan vao
protein & thanh t€ bao. Oligosacarit ciing ¢6 thé gan két véi lipit dé tao thanh glucolipit.
Phén lipit ctia phan tir gidp cho khdng nguyén dinh bam vao mat ngoai cha mang hong
cdu. Sy ¢6 mat chia ching trong mot mau pham méu dugc phdt hién bang céach dinh kiéu
dang mdu, tic 1a xdc dinh lién k€t khang thé dung cho mot khdng nguyén cu thé nao do

45

http://tieulun.hopto.org



¢6 két dong héng cau trong mau mau dé khong. Cau tric khdc nhau cua cdc nhém mdu
duoc thé hién trong hinh 4.17.

BANG 4.4. MOI QUAN HE GIUA CAC NHOM MAU ABO

Nhém mau Chéng cac nhém mau Nhan mau an toan Cho mau an toan
VVVVV 0O A B 0O O, A B, AB
A B 0, A A, AB
B A 0,B B, AB
AB Khoéng 0O, A, B, AB” AB

* V¢ nguyén tac, moi quan hé nay 1a ding. Tuy nhién, nhém mau AB khong bao gid
cho nhitng ngudi ¢6 cdc nhém mau khac badi vi cdac khang thé cho ¢6 thé phan iing véi cdc
khang nguyén nhan.

0 . o
Sia Sia
O : .

0 ) 0]
GalNAG GalNAc

0 - GalNAC
o
NHCOCH, NHCOCH,
NHCOCH,
< >‘ Loai O : : Loai A

(0]
O ‘Q GalNAc

NHCOCH;,
4 ){ Loai B

Hinh 4.17. Cdau triic khdc nhau ctia cdc nhém mdu

O

Ghi chi : Gal : Galactozo, Fuc : Fucozo, GalNAc : N-Axetylgalactozamin

Sia : axit sialic (N-Axetylneuramic axit). R : Protein hodc lipit -
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Cau tric ctia cac chat ghi cha trén :

NH —C——CH, -

H NHCOCH;

N-Axetylglucozamin

CH,

C
% Chubi Protein

HC—C

& Chubi Protein

O

H NHCOCH,

N-Axetylgalactozamin

H
H O H
h M on
HO OH
OH H
w-L-Fucozo
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Chuong 5
LIPIT

5.1. DAl CUONG

5.1.1. Dinh nghia

Lipit la nhing hop chat cua axit béo voi ancol hoac aminoancol.

5.1.2. Ham luong

Trong co thé song, lipit du trit & moé md chiém tir 70- 90%. Trong tuy séng, ndo, ham
lugng lipit ciing kha cao chiém tir 14-20% khoi luong tuoi, ngoai ra con ¢4 G tring, tinh
trung. Trong cdc hat ¢6 dau, ham lugng lipit rat cao nhu hat thau dau ¢6 khoang 65-70%,
viung : 48-63%. lac : 40-60%. cui dura : 42%. dau tuong : 18%. Ham luong dau trong thuc
vat thudng thay doi theo giong, cdch cham bon va théi vu thu hoach.

5.1.3. Chtc nidng

- Lam nhicn licu cung cdp nang lugng cho co thé séng ¢d gid tri cao nhat (9,3 kcal/g)
so voi gluxit (4.1 kcal/g) va protein (4,2 kcal/g). Dong thoi v6i 16p md dudi da ¢6 tac
dung cach nhiét dé gi nhiét cho co thé song.

- La thanh phan cau tao quan trong clia cac mang t€ bao.

- Gilr vai trd sinh hoc cuc ki quan trong : lam chat trg gidp (cofactor) hoat dong xtic
tdc cla enzim, chat van chuyén dién t, 1a sic 16 hap thu anh sdng. y&u 16 nhii hod,
hoocmon va cdc chat van chuyén thong tin noi bao.

5.1.4. Phéan loai

Lipit thuan :

+ Glixerit : este cta axit béo véi glixerin.
+ Xerit (sdp) : este cua axit béo véi ancol ¢6 khoi lugng phan tir 16n.
+ Sterit : este ctia axit béo v6i ancol mach vong (cholesterol).

Lipit tap : .

+ Photpholipit : ¢6 chita thém mot goc axit photphoric, thong thuong kém theo cic
bazo nito va cac nhém thé khdc :

- Glixerophotpholipit : ancol la glixerin.

- Sphingophotpholipit : ancol la sphingozin.

+ Glicolipit (glicosphingblipil) : ¢6 chirta mot axit béo, sphingozin va duong.

+ Cac lipit phic tap khdc : sunfolipit, aminolipit, lipoprotein.

48

http://tieulun.hopto.org




5.2. CAU TRUC VA TINH CHAT

5.2.1. Axit béo

BANG 5.1. MOT SO AXIT BEO SINH HOC QUAN TRONG

Tén goi Céng thifc o " piém | Tontaitrong
théng thudng viét tat Cau trde néng chay tu nhién
Axit béo no -

khong nhanh :
Butyric 4:0 CH3(CH5),COOH Bo
Caproric 6:0 CH3(CH3)4COO0OH Bo
Caprilic 8:0 CH3(CH,)gCOOH Bo
Capric 10:0 CH3(CH,)gCOOH 3196 Bo
Loric 12:0 CH»(CH,)419COOH 44°2 Dau dlua
Myristic 14:0 CH3(CH5)4,COOH 53°9 Qua hd dao
Panmitic 16:0 CH3(CH5)414COO0OH 63°1 M@, dau
Stearic 18:0 CH3(CH,)41COOH 69°6 M8, dau
Arachidic 20:0 CH3(CH»)1gCOOH 76°5 Dau lac
Behenic 22:0 CH3(CH5),oCOOH 81°5 Sap
Lignoxeric 24:0 CH3(CH;),,COOH 86°0 Sap
Xerotic 26:0 CH5(CH5)»4COO0OH 88°5 Sap
Axit béo no
mach nhanh :
Tuberculo- CH3(CH,)7CH(CH3)(CH,);COOH | 13°2
stearic
Axit béo
khéng no
Panmitoleic 16 : 1cA9 CH3(CH3)5CH=CH(CH;);COOH 0° M&, dau
Oleic 18 : 1cA9 CHs;(CH5)7CH=CH(CH;);COOH 16°0 M3, dau
Linoleic 18 : 2cA9,12 | CHs(CH»,)4CH=CHCH,CH= 5°0 M3, dau
Linolenic 18 : 3cA9, | CH(CH;);COOH

12,15 CH3CH,CH=CHCH,CH= -11°0 M3, dau

CHCH,CH=CH(CH,);COOH

Arachidonic 20 : 4cA5, | CH3(CHy)4CH= -50°0 Dau lac

8,11,14 CHCH,CH=CHCH,CH=

CHCH,CH=CH(CH,)3COOH

7.CSHOA SINH.A
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Hau hét axit béo trong tu nhién la san phdm thuy phan cua lipit. D6 la nhitng axit
monocacboxilic ¢6 bo khung cacbon dai tir 4 dén 36C, mach thang & trang théi bdo hoa
hodc chua bdo hoa chda mot hoac nhiéu lién két doi. Mot s6 khic con chita cac mach
nhanh, mach vong, nhom -OH,...

Mot vai axit vong no va khong no :

/X

Axit lactobaccilic H3C— (CH,)5 —CH ——CH-—(CH,)g — COOH

(CHz)19— COOH
Axit hidrocarpic

(CHz)1, — COOH
Axit chaumogric .
Axit nay dugc dung trong di€u tri bénh phong.

Axit béo ¢6 thém cac nhém chire khéc ;

Axit xerebronic c6 trong thanh phan lipit tap clia néo :
HyC — (CHy)p; — CH — COOH

OH
Axit rixinoleic ¢6 trong hat thiu dau :

H3C — (CH,)s ——CH — CH; —— CH ==CH— (CH,), — COOH
OH

Cac axit béo la axit yéu, pK, trung binh khoang 4,5. Nhu vay, cdc axit nay tén tai &
dang anion (RCOO ) duéi pH sinh li (hinh 5.1). Su bién d6i nhém cacboxyl lam cho né
trd nén ¢6 i lyc manh véi nuée, trong khi duoi hidrocacbon dai thi ki nuéc va két qua 1a
né giéng nhu mot chat ludng tinh khi ta ¢§ hoa tan trong nudc. Két qua dé tao ra mot 16p
don ¢ beé mat ti€p xiic nudc-khong khi v6i cac nhém cacboxyl ngam vao trong nuéc con
duoi hidrocacbon néi lén trén bé mat nuéc. Néu lic manh ching sé tao thanh cdc mixen.

Nhiéu axit béo quan trong g6c tu nhién 1a loai khong bao hoa, c6 nghia la chung cé
mot hoac nhi€u lién két doi va hudng cia céc lién két nay & dang cis phd bién hon dang .
trans. Sy dinh hudng nay c6 anh hudng 16n dén cdu tric phan tir lipit sau nay.
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/Déu vanudc  Daukinudc

(a) lon stearat (b) lon oleat
Hinh §5.1. M6 1d sicion hod ciia 2 axit stearic va oleic
Phan 16n axit béo tu nhién c¢6 s6 lugng nguyeén tir cacbon la s6 chin, diéu nay co lién
quan téi qua trinh phan gidi va tong hop ra ching.
5.2.2. Ancol
'5.2.2.1. Ancol no don chirc
CH;(CH,),,CH,OH  Ancol xetilic ¢6 trong thanh phan xa huong.
CH;(CH,),4CH,OH  Ancol xerilic ¢6 trong thanh phan cua sap ong.
CH,(CH,),cCH,OH  Ancol montanilic ¢6 trong thanh phan sdp 14, sap ong.
CH,;(CH,),3CH,OH  Ancol mirixilic ¢6 trong thanh phan sédp 14, sap ong.
5.2.2.2. Ancol no da chic
CHZ(OH)-CH(OH)—CHZ(OH) : Glixerin.
5.2.2.3. Ancol vong don chiic (sterol)

La din xuat chia xiclopentannopehidrophenantren. Vi du, cholesterol :

v
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5.2.2.4. Ancol vong da chiic

OH OH
H OH
H H
Inozitol OH H
0 H
H OH
5.2.2.5. Ancol tap chic
Colamin {etanolamin) H3N+—— CH, -CH, -OH
Cholin (H3C)3N"—— CH,— CH, - OH
Axetyl cholin (H4C);N'—— CH, —CH, -0-COCHj

H H

HO—C —C—C— (CH2)12 ——‘CH3

Sphingozin H

H—C— NH,
H H
HO—C —C— C—(CH2)12 - CH3

H 0O

H——C-—N—C—R

Ceramit

5.2.3. Lipit thuan

5.2.3.1. Glixerit : con goi 1a lipit trung tinh, Ia trieste cua glixerin va axit béo, dé bi
xa phong hoa cho glixerin va cdc axit béo tu do. Trong m& dong vat la cac axit béo no
con trong dau thyc vat 1a céc axit béo khong no.

Cong thic t6ng quat :

HC—OOCR,
H,C—— OOCR,

- Glixerit thuan : R} =R, =R,
- Glixerit tap : R} # R, # R5
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Cach goi tén :
R, =R, =R3 =Cj;H35 : mJ stearin
Rl = C17H35 . R2 = C|5H3l’ Rl = C17H33: S[earO"panmilO'Olein

Tinh chdt :

- Khong tan trong nuéc nhung dé dang tao cdc mixen. M@ tich lai trong t€ bao dong
thuc vat tao thanh céc giot dau nho trong 1& bao chat. Trong céc t€ bao tao md hau nhu
toan bd dung tich méi 1€ bao nay chira ddy mot giot mo. Cac t€ bao nay tao thanh m6 mo
G dong vat.

- Phan tng thuy phan : dudi tic dung cla enzim lipaza tuy tang, glixerit thuy phan
qua nhiéu giai doan tao cdc san phdm trung gian di va mono-glixerit. Trong moi truong
kiém NaOH hay KOH, glixerit thuy phan hoan toan cho glixerin va cidc mudi Na hoac K
clia céc axit béo. D6 1a xa phong truée day. Chat tdy rita ndy c6 nhuoc diém 12 céc axit
béo tao mudi két tha véi céc ion Ca va Mg c6 trong nudc cing 1am can tré qué trinh tao
bot. Ngay nay céc chat tdy rira tong hop duoc ché tao sao cho loai bo duge nhugc diém
ndy, véi cac ion kim loai hoé tri 2 né van hoa tan hoan toan trong nudc. Vi du nhu
Sodium dodexyl sunfat (SDS) ¢6 cong thirc : CH; (CH5){,SO50 + Na® .

Chat nay ciing dugc dung rong rii trong phuong phdp dién di vi chiing tao thanh céc
mixen xung quanh protein.

- Phan dng tu oxi hod (peoxi) : Vi su c6 mat cua oxi, lipit ¢6 thé tu oxi hod gay ra
hién tugng 6i thiu thyc pham, con trong co thé (in-vivo) gay ra sy pha huy céc to chic
nén c6 thé xem day 12 mot trong nhiing nguyén nhan gay ung thu. Hau qua bi pha huy
dau tien 12 do cdc goc tu do (RCOO', RO, OH',...) tao ra trong qué trinh sinh peoxit tu
axit béo khong bao hoa c6 nhiéu lién két doi. Phan ing dugc khoi mao bdi dnh sang va
ion kim loai, gom 3 giai doan : '

1. Giai doan khoi mao :

ROOH + KL™ — ROO + KL™"'+ H'
2. Giai doan lan truyén :

R+ 0O, > ROO

ROO + RH — ROOH + R’ (tiép tuc)
3. Giai doan két thuc :

ROO +ROO° — ROOR + O,

ROO +R'— ROOR

R +R° = RR

Trong co thé, cdc phan Gng peoxit duge xtc tac bdi cac hop chdt c6 nhan hem va cac
lipoxigenaza c6 trong tidu cdu va bach cdu. Cic géc tu do nay rat nguy hiém gay pha huy
t& bao. P& kiém sodt va 1am giam qué trinh ty oxi hoé nay, co thé phai thudng xuyén san
Xudt ra cac enzim déng vai tro 1a tac nhan chong oxi hod (antioxidant). D6 la:

- Supeoxit-dismutaza (SOD) c6 tdc dung by cac gdc supeoxit Oy’

SOD + O, — SOD + O,
SOD + 0, + 2H" > SOD+ H,0,
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- Catalaza : ¢6 tac dung ngan can phan tng tao goc OH.

- Peoxidaza, dac biét la glutation peoxidaza : déng vai tro chinh trong phan Ung gidi
doc H,0, va ngan chan giai doan lan truyén.

Axit uric, glutation, mannitol, vitamin C, vitamin E va cdc flavonoit cling da dugc
ching minh 1a nhing chat dong vai tro chat thu don cdc goc tu do sinh ra trong qua trinh
tu oxi hoa cua chat béo.

Cdc chi 56 dé danh gid ddau md :

1. Chi s6 axit : 12 s6 miligam KOH dung dé trung hoa axit béo tu do ¢6 trong 1 gam
chat béo (dung dé xac dinh do tuoi).

2. Chi s6 xa phong : 1a s6 miligam KOH dung dé xa phong hod 1 gam chat béo va
trung hoa axit béo tu do c6 trong 1 gam chat béo.

3. Chi s6 este : 12 s6 miligam KOH ding dé trung hoa axit béo lién két véi glixerin
duogc giai phong khi xa phong hod 1 gam chat béo

Chi s6 este = Chi s6 xa phong - Chi s6 axit

4. Chi s6 iot : 1a s6 gam 16t két hop véi 100 gam chat béo. Chi s6 ndy dung dé xac dinh
muc do chua bao hoa cua axit béo vi 16t s€ k&t hgp vao cac noi doi trong phan tir axit.

5. Chi sG peoxit : l1a s6 gam 10t dugc giai phong bdi peoxit ¢6 trong 100 gam chat
béo. Cac peoxit tdc dung vé6i KI giai phong i6t. Chuan do iot bang thiosunfat. Chi s6 nay
phan 4nh muc do 6i ctia chat béo. Ddu md dé lau ngay thudng bi bien chat, tao mui khé
chiu, dé la do tao thanh cac peoxit.

5.2.3.2. Xerit (sdp) : la cac este clia axit béo mach dai v6i ancol mach dai. Diéu nay
lam cho dau von va nude khong manh chia axit béo lai bi khoa bdi mot mach hidrocacbon
dai. Chinh vi th€ sdp hoan toan khong tan trong nudc va tham chi con cé kha nang day
nudc. Lop sap dong vat phu trén 1ong gidp cho con vit boi duéi nudc nhung khong bao
gi0 bi tham uét. L6p sap thuc vat trén 14 khoai, 14 sen gidp cho 14 tuy rat to nhung khong
bao gi® bi dong nudc. Sap gitt vai tro cdu tric nhu sdp ong. Mot s6 sinh vat bién lai dung
sap thay cho lipit d€ tich trit nang lugng. D6 ciing ctia sdp phu thudc do dai clia cac mach
va do biao hoa hidrocacbon. Sdp rat khé bi thuy phan, bén duéi tic dung ctia dnh séng,
nhiét, cac chat oxi hoa va cac y€u t6 khac. Trong thanh phan cta sap con cé céac
hidrocacbon, axit béo tu do va cac ancol phan tir 16n tu do.

Ngoai cac axit béo thong thudng, trong sdp con cd cdc axit béo khac :

Axit xerotic (26C) : CH3(CH,),,COOH
Axit motannic (28C) : CH5(CH,),,COOH
Axit melisxic (30C) : CH5(CH,),gCOOH

Cac ancol trong sap dugc biét la :

Ancol xetilic (16C) : CH3(CH,);4,CH,OH

Ancol xerilic (26C) : CH5(CH,),4,CH,OH

Ancol montalinic (28C) : CH;(CH,),,CH,0H

Ancol minixilic (30C) : CH;(CH,),3CH,OH
Sép ong la xetilyl panmitat : C,sH;;COOC,¢Hs;
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5.2.3.3. Sterit : 1a este clia ancol vong (sterol) va axit béo phan tir 16n. Sterit la cac
chét rin khong mau, khong tan trong nuéc nhung tan trong dung moi hitu co, ¢6 the b
thuy phan duéi tdc dung clia kiém hodc enzim cho céc axit béo va sterol.

Cac axit béo thudng gap trong thanh phan sterit 1a axit panmitic, axit stearic, axit oleic.

Sterol, dai dién 1a cholesterol, 1a thanh vién cia mot nhém 16n goi la steroit, bao gom
cdc hoocmon trong dé c¢6 hoocmon gidi tinh cua dong vat cao cap. Cholesterol 1a tién
chit dé téng hop nhiéu hoocmon. Cholesterol phé bién ¢ dong vat, thuc vat, nam men va
mot s6 loai tao. O dong vat bac cao, cholesterol dugc tong hop chu yéu trong gan.
Cholesterol ciing c6 nhiéu trong mo than kinh, mau, tinh trung, trong 16p m& dudi da,...
3 thuc vat, cholesterol ¢6 nhiéu trong phan hoa, trong hat, dac bict la & cac cay ¢b dau.

Vai trd sinh hoc quan trong cla sterol 1a & chd ching ¢6 thé chuyén hod thanh cac
chat diéu hoa sinh hoc khac nhau nhu cac hoocmon sinh duc, hoocmon cocticoit, axit
mat, vitamin D,... va tham gia tao cdu tric mang t€ bao.

5.2.4. Lipit tap

5.2.4.1. Glixerophotpholipit (hay con goi la photphoglixerit) 1a nhém chinh cua
photpholipit tu nhién. Dac diém chung ctia chiing 1a déu c6 nhém dau chira photphat. Vi
vay, cdc phan tir ndy phan cuc ro rét. Lop kép 2 phan tr ndy ¢6 phan ki nudc quay vao
phia trong da tao dung nén mang t€ bao xuyén sudt tir vi khudn, thuc vat dén dong vat.
C6 thé xem day 1a dan xudt cha glixerin-3-photphat (hinh 5.2). Cic goc R; va Ry la céac

INAAAAANN
(T H,C—O0—
AL

(Ro)

——H

0

Ry—O~—P——0~——CH

oo O

PAAAAANT
0 HC—O——C

Hinh 5.2. Cdu triic ctia glixerophotpholipit

chudi bén axyl phat sinh tir cdc axit béo, nhiéu khi mot géc la bao hoa va mot goc la
khong bdo hod. Gdc R; 1a phan wa nuéc rat linh dong va chinh & d6 4n dau moi bién déi
tinh chat ctia cac glixerophotpholipit. Goc R3 duge xem la dan xudt clia céc este cla axit
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photphoric véi cdc tén goi etanolamin, cholin, serin, inozitol. Tén goi day du cua cdc hop

H,C—0——C

? (Ry)
0 HC—O0—0

l Axit photphatjdic
—O——P——0—CH,

O (0]

| INANAAAAN
H,C~——0—C

Ri1)
AN
0 HC—O0—O0

. Photphatidiietanolamin
HsN'——CH,—CH;—O——P——0—CH,

(Rs) _
© io (Ry)
 DWAAAAAAN
0 HC—0—0 '
N*(H,C)y——CHy—CH;—0——P——0—CH, Photphatidilcholin
(R3) o
INANAANAN
HzC_—_O———C
ﬁ/\/\/\/\/\/\/\/\/(RZ) ‘
o) HC—0——0 ‘
HyN CH —CH,—O—FP O—CH, Photphatidilserin

Vi © o, (Ry)
P NANNVNVVVY
(R3) HZC-——O——- C

O

l W\/\/\/\/\/\/\/\/(RZ)
0 HC—0—20
OH OH
H o) pt—0—CH,
H H
OoH H o
0 H e
Photphatidilinositol
H  OH
(Rs)
56 Hinh 5.3. Cac vi du vé glixerophotpholipit
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Photphatidilcholin (loxitin hoac cholinphotphatit) pho bién rong rai trong co thé nguoi va
dong vat (hong cau, tinh tring, ndo, long do tring, gan, tim,...), thuc vat (dau tuong, hat
huéng duong, hat hoa thao nay mam,...). Loxitin tham gia trong thanh phan cac mang
sinh hoc. Phan tir loxitin ¢6 tinh phan cyc : dau colin ¢6 tinh chat ua nude va phan ¢6 cac
goc axit béo ¢6 tinh ki nudc. Do d6 ching duoc sap x€p dinh hudng ro rét ¢ ranh gici 2
pha, tham gia trong viéc bao dam tinh thaim cua mang sinh hoc.

Dudi tic dung cta enzim loxitinaza (enzim nay c6 trong noc ran) lién két este 6 C, bi
thuy phan tao thanh lizoloxitin ¢6 tdc dung hoai huyét manh. Day chinh la nguyén nhan
gay tir vong khi bi ran can.

Loxitin hoa tan t6t trong ete, ctanol, benzen, clorofom,... nhung khong tan trong
axeton. C6 thé dua vao tinh chat nay dé tach loxitin ti long do tring gia cam. Loxitin la
nhitng tinh thé mau trang, dé hit nudc, dé ngoai khong khi dé bi sim mau do bi oxi hoa.

5.2.4.2. Sphingolipit va glicosphingolipit
H

HO — C—— CH==CH—(CH,);;— CHj

(a) Galactozylceramit

H

HO—C— CH=CH—(CHy)1,

= AN
CH,OH HT_NH“C

0—CH, O
H
OH H (b) GaINAxB(1—>4)%al[3(1—>4)GICB(1—>1)ceramit
H
T 1
H Sia H

|

l 0
il
. 0 HC N C (CH,)4¢CHs
o A : I |
(H3C)3NNCHZCH2——-O————T ——0—CH, H
o Ceramit

Photphocholin
(c) Sphingomyelin

Hinh 5.4. Mot vai vi du vé glicosphingolipit va sphingolipit
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Sphingolipit la nhém chinh thit hai trong thanh phan mang t€ bao lai cau tao tir mach dai
ancol amin sphingosin ma khong phai tir glixerin. Cdc sphingolipit tham gia ki€n tao céc tuong
tac quan he trén be mat 1€ bao, ching dong vai tro 1a chat tiép nhan cac thy thé trén bé mat t€ bao.

Glicosphingolipit tao thanh nhém chinh thi ba cia lipit mang t& bao.Véi thanh phan la
sphingosin, cidc nhém dau ctia mach con chia céc phan tr duong. Cic glicosphingolipit
dong vai tro 1a y€u t6 xdc dinh cdc nhém madu cia nguoi. Hinh 5.4 gi6i thicu mot vai vi du
vé glicosphingolipit. Hinh 5.5 mé t& cau tric cla mang t€ bao v6i thanh phan quan trong 1a
cac hop chat lipit. Mach cacbohidrat

cla glicolipit

Hai I6p photpholipit

¥

L3

TR A . ‘
é‘??»“':t“r’g\@\ Glicoprotein

Y »
ot O O gt
vang ki nuéc - M .,"T“‘\‘\“}\; Cac mach cacbohidrat
;gﬂ + ‘ 7068 cla glicoprotein
g;%e .. ey
. . A ¥
Vung ua nudc QOO “!fi .
x.’[‘ .

Mang sinh chat

Protein xuyén mang
Protein mang
ngoai bién

Hinh5.5. Cdu tricc mang 16 bao

Mang te bao ¢6 do day 7 nm. Cau triic co sd Ja 16p doi ctia photpholipit. Ngoai ra con
rat nhiéu b6 sung doi v6i mang, dé 1a cdc hop chat phic tap khac cua protein. Vi vay, ¢6
thé xem mang la mot the dich duge kham bdi lipit va protein. Mang t& bao khong phai la
mot cau tric rin chac, dong ciing ma cac hop phan lipit va protein luén van dong khong
ngung. Diéu nay dugc ching minh bing thi nghiém vé su hoa tron hai t& bao ngudi va
chuét da dan 4én su tron lan hoan toan.

Té bao ngudi

(a) (b) (c)

Té bao chudt

Hinh 5.6. M6 td sie trén ldn hei 16 bao neioi va chud
53 I 11°¢ 18107 va chudt 8 CSHOA SINH.B
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Chuong 6
PROTEIN

6.1. DAI CUCONG
6.1.1. Dinh nghia

Protein 1a polime sinh hoc clia L-ai-aminoaxit két hgp v6i nhau bang lién ket peptit.
C6 khoang 20 axit nay dugc ma hod trong gen va dugc hop nhat trong protein.

6.1.2. Phan loai '
+ Protein thuan :
- Cac L-o-aminoaxit.
- Polipeptit gébm hai hay vai chuc aminoaxit lién két v6i nhau.
- Protein gém vai chuc aminoaxit trd 1én lién két v6i nhau,
+ Protein tap : '
- Glicoprotein (nhém ngoai la gluxit, vi dy immunoglobulin G).
- Lipoprotein (nhém ngoai Ia lipit, vi du B-lipoprotein huyét).
- Photphoprotein (nhém ngoai la photphat, vi du casein sira).
- Metaloprotein (nhém ngoai la ion kim loai, vi dy F€3+, Zn2+,...).
- Cromoprotein (nhém ngoai la cdc chat mang mau).

- Nucleoprotein (r-hém ngoai la axit nucleic).

6.1.3. Ham luong
G dong vat c6 ham lugng protein cao hon thuc vat, & nguoi protein chieém t6i 45%
khoi lugng kho. Ti 1é protein cling khdc nhau gitta cac bo phan trong co thé s6ng.

BANG 6.1. HAM LUGNG PROTEIN TRONG MOT SO NGUYEN LIEU PONG VAT
VA THUC VAT

Nguyén liéu % protein Nguyén liéu % protein

Gan 18-19 Moi 13-16
Tim 16-18 Oc 11-12
Thit gia stc 16-22 So 8-9

Triing gia cam 13-15 , Hén 4-5

Sita bo 3-5 Dau tuong . 34-40
Ca ' 17-21 Lac 23-27
Tom 19-23 Ngd ) 8-10
Muc 17-20 Gao 7-8
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6.1.4. Chuc nang

Protein la thanh phan khong thé thiéu duge cua tat ca cdc sinh vat nhung lai ¢6 tinh dac
thi cao cho timg l0i, timg cd thé clia cing mot loai, tmg cd quan, mo cla cling mot ¢d the.

Tam chuc nang quan trong cuta protein :

1. Xic tac : Céc xdc tac cho phan tng sinh hoc ¢6 tén chung la enzim. Ban chat cua
cac phan tu enzim la protein. Day dugc xem la chic nang quan trong nhat ctia protein.
Hién nay nguoi ta d biét duoc khoang 3500 enzim.

2. Van tai : Protein déng vai tro nhu 1a cac phuong tién van tai chuyén chd céc chat
trong co thé. Vi du, hemoglobin, mioglobin (& dong vat ¢6 xuong séng), hemoxianin (&
dong vat khong xuong song) két hop v6i O, va van chuyén dén khap cdc mo va co quan
trong co thé. Hemoglobin con van tai ca CO, va H'. Glubolin lai van tai Fe.

3. Van dong : Nhiéu protein tryc ti€p tham gia trong qua trinh chuyén déng nhu co
co, chuyén vi tri cta nhiém sic thé trong qud trinh phan bao, di dong cua tinh trung,... Vi
du, miosin va actin gilt vai troé co co & hau hét cédc t€ bao.

4. Bao vé : D6 1a cdc khing thé trong mau. Ching c6 kha nang nhan biét, "bat"
nhiing chat la xam nhap vao co thé va loai trir chiing ra khoi co thé. Vi du, céc inteferon
la nhiing protein do t€ bao dong vat cé xuong song tong hop va tlet ra dé chong lai su
nhiém virut. Tac dung cta ching rat manh, chi can véi néng do 101"M da c6 hiéu qua
khang virut r6 rét. Mot cdch bao vé khdc nhu tham gia qua trinh 1am dong mau dé co thé
song khong bi mat mau. Con & thuc vat xuat hién cic protein rat doc giip cho ching
chong lai su phd hoai cua dong vat.

5. Di¢u hoa : Diéu hoa qud trinh thong tin di truyén, diéu hoa qud trinh trao déi
chat. D6 1a cdc hoocmon, chét hoat hod, chat kim ham, chat tiép nhan.

6. Truyén xung than kinh : Mot s6 protein ¢6 vai trd trung gian cho phan dng tra 1oi
cua 1€ bao than kinh d6i véi cdc kich thich dac hiéu. Vi du, vai trd clia sic (3 thi gidc
rodopxin ¢ mang ludi mat.

7. Cau tric : Tao mang t€ bao, vo virut, 16ng téc, da, méng. Céc protein nay thudng
¢6 dang soi nhu sclerotin ¢é trong 16p vO ngoai cling cia con tring; fibroin coa to tim, to
nhén; colagen, elastin ctia mo lién két, mo xuong.

8. Du trit : La chat dinh duomg quan trong cung cép cdc aminoaxit cho phoi phat |
trién. Vi du, albumin trong long tring trimg, casein trong sita, gliadin trong hat lia mj,
zein cua ngo,..

6.2. CAU TAO PHAN TU PROTEIN

6.2.1. Thanh phan cac nguyén té caa protein

Céc nguyén t6 chinh tham gia cdu tao protein 1 :

C : 50-55%
O : 21-24%
N : 15-18%
H: 6,5-7,3%
S :0-0,24%
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Ngoai ra con ¢6 mot lugng rét it cidc nguyén t6 Khac & muc do trung luong va vi
luong ciing tham gia vao cdu tao protein : P, Fe, Zn, Cu, Mn, Ca,...

6.2.2. Don vi ciu tao co sd ctia protein : L-a-aminoaxit

Tuy protein rat da dang vé cau tric va dam nhan nhiéu chdc nang, song hau nhu déu
xay dung nén céc dai phan tr cha minh chu yéu tr 20 L-o-aminoaxit bang lien két
peptit. Do vay, cling ¢6 thé xem cdc aminoaxit nay la san phdm cudi cung cha su thuy
phan peptit va protein. Aminoaxit dau tien duge phat hién ¢ cay mang tay (asparagus)
vao nam 1806 va duoc goi la asparagin. Aminoaxit cui cung trong s6 20 aminoaxit
duoc phat hién vao nam 1938 la threonin. Tén goi cac oi-aminoaxit thuong dugc goi theo
ngudn géc phat hién ra ching. Cau tric chung clia ai-aminoaxit duoc thé hién trén hinh
6.1 va cau tric lap thé dugc thé hién trén hinh 6.2

Valin, mot dai dién cla o - aminonaxit a-Aminoaxit & dang khong ion va
H H ludng tinh & pH trung tinh
o

AN .
H H /4 | /
N —C H—N* C
H . N\
| //O | » O—H l 0
N —C H™ H H  H
| N
b Y o—H Dang khéng ion

«-Cacbon

Hinh 6.1. Cdu triic ctia aminoaxit

Bidu dién trén khong gian 3 chiéu Céac ddng phan lap thé

Hinh 6.2. Cdu triic ldp thé ctia aminoaxit
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Nhu vay, cdu tao ctia ching giéng nhau & cho cung ¢é nhém cacboxyl -COOH va
nhém amin - NH, déu gin vao nguyén tir C ¢ vi tri , con khéc nhau bdi cdu tao cua
mach bén R. Dua trén sy khac nhau cua mach R, nguoi ta chia cdc aminoaxit thanh 6
nhoém chinh (hinh 6.3). Cic dac trung cia 20 aminoaxit nay dugc néu trong bang 6.2.

H4C CH; CHs
Cac aminoaxit béo 7 |
H3C\ /CH3 CllH (I3Hz
T <|3H3 ?H CH, H,C—CH
HoN—C—coo- HoN—0—C00" HBKJ——?——COO HyN—C—COO™ H;N—C —COO"
| |
H H H H H
GLyxin (Gly) G Alamin (Ala) A Valin (Val) V Leuxin (Leu) L Isoleuxin (lle) |
CH,
Cac aminoaxit c6 mach bén chira nhém hidroxyl hoic sunfua |
cH ? Aminoaxit vong
oH H | CH, Cta
CH, CHy . (HoH <l>H2 H,C CH,
+ + " —_— - +
HaN— JI:—CQU H3N—(l:—COO" HsN (f coo Hgﬁ—cl:—coo H3N—(|J—— COO"
H H H 'L H
Serin (Ser) S Cystein (Cys) C Treonin (Thr) T Metionin (Met) M Prolin (Pro) P
Céac aminoaxit vong thom OH H
N
)
CH, ICHZ c;:H2
+ + +
HyN— ?~ COO~ HayN— ?——— COO~ H;N—Cc— COO~
I
H H H
Phenylalanin (Phe) F Tyrozin (Tyr) Y Tryptophan (Trp) W
. NH;
Cac aminoaxit kiém ,QH l .
3 (ljz NH2
CH,
g b )
X _~NH CH,
L I
CH, o 2 CH,
+ -
_— - H;N— C—COO + _
H H H
Histindin (His) H Lyzin (Lys) K Arginin (Arg) R
Cac aminoaxit axit va amit cta ching
O N O NH
\C/ \C/ 2
O\ O
- | o] NH, |
i " N i
cI:H2 CH, CI;HZ CH,
+
HarG—T—coo~ H3r§—?—c00“ H3K1—-T—COO‘ HaN—lé—COO‘
H H H H
62 A.Aspartic (Asp) D A .Glutamic (Glu) E Asparargin (Asn) N Glutamin (GIn) Q

inh 6.3. Cdac aminoaxit fim thdy trong protein http://tieulun.hopto.org




BANG 6.2. CAC PAC TRUNG CUA AMINOAXIT TIM THAY TRONG PROTEIN

Tén goi Ki hicu pK, clia pK, cla pK, cla % mol

cac VLet béing - nhém nhém mach trong

aminoaxit et méct;hu o-Cacboxyl a-Amino nhanh protein
NA_lanin Ala A 23 9,7 - 9,0
Arginin Arg ** R 2,2 9,0 12,5 4.7
Asparagin Asn N 2.0 8,8 - 4.4
Axit Aspactic | Asp D 2.1 98 3,9 5,5
Cystein Cys ™ C 1,8 10,8 8,3 2,8

Glutamin Gln Q 2,2 9,1 - 3,9

AxitGlutamic Glu E 2.2 97 4,2 6,2
Glixin Gly -G 23 9,6 - 7.5
Histidin His ** H 1,8 9,2 » 6,0 2.1
Isoloxin e * [ 2,4 97 - 46
Loxin Leu * L 2,4 9,6 - 7,5
Lyzin Lyz* K 2,2 9,0 10,0 7.0
Metionin Met * M 23 9,2 - 1.7
Phenylalanin Phe * F 1,8 9,1 - 3,5
Prolin Pro P 2,0 10,6 - 4.6
Serin Ser S 2,2 9,2 - 7.1
Treonin Thr * T 2,6 10,4 - 6,0
Tryptophan Trp ™ w 2,4 9,4 - 1,1
Tyrozin Tyr Y 2,2 9.1 10,1 3,5
~Valin Val * \ 2,3 9,6 - 6,9

Ghi chi : * Ki hiéu cho cdc 8 aminoaxit ma ngudi va dong vat khong thé tu téng hop dugc,
phai 14y tr ngoai vao qua ngudn thiic an goi la cdc "axit amin can thi€t" hay
"aminoaxit khong thay thé".

** Trong mot sO tai lieu con cho ring 3 aminoaxit nay ciling giéng nhu 8
aminoaxit trén.

Khi thi€u tham chi chi mot trong cdc aminoaxit cdn thiét, c6 thé 1am cho protein
dugc tdng hop it hon protein bi phan gii, két qua dan dén mat can bang d6i véi nito.
Ham luong cac aminoaxit khong thay th€ va ti I¢ giita chiing trong phéan t protein la mot
tiéu chuin quan trong dé danh gia chat luong protein.
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BANG 6.3. MOT VAI AMINOAXIT SINH HOC QUAN TRONG
KHONG TIM THAY TRONG PROTEIN

 Ten Céng thirc Nguén va chlc nang
[E_AlanTn " Co trong vitamin pantothenic
H;N —CH,— CH,— COO" axit va moét vai peptit tu
nhién quan trong
D-Alanin coo Co6 trong polipeptit cla
| 4 thanh t€ bao & mét vai loai
H— C‘3_ NH; vi khuén
CH,
Axit y-Aminobutyric + _ | Nao, moé doéng vat, ¢c6 chilc
H;N —CH,— CH,— CH, — CO0 nang nhu chéat truyén than
kinh
Axit D-Glutamic coo C6 trong polipeptit cla
| N thanh t€ bao & moét vai loai
H— C-— NH, vi khuén
|
CH,
| _
L-Homoserin coo” Xuat hién & nhiéu mo |a chat
+ | trung gian trong qua trinh
HsN— ?“ H trao d8i chat aminoaxit
o CH, — CH,0H
L-Ornithin coOo Xudt hién & nhiéu mé 1a chat
+ | trung gian trong qua trinh
HN— C—H t8ng hap arginin
+
CH2 - CH2 - CHzNH3
Sarcosin Il-l Xuat hién & nhiéu mé 1a chat
+ - trung gian trong qua trinh
CH; —N'— CH, — COO N9 glan rong 4
| tébng hop aminoaxit
H
L-Tyroxin cOO C6 trong tuyén giap la
. hoocmon clia tuyén giap
HN— C—H | | = st
CHz_ CHz"' O —_ OH
|
L ! )
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Mot hién tuong quan trong la tat ca cdc aminoaxit ma sinh vat dung dé 16ng hop ra
protein déu ¢ dang L. Khong hiéu tai sao lai nhu vay, vi L-aminoaxit khong c6 uu thé
bim sinh nao vé chic nang sinh hoc so v6i cdc dong phan dang D. Mot thuc t& la
aminoaxit dang D van t6n tai trong tu nhién va trong s6 do van ¢6 D-aminoaxit gilr val
trd hoa sinh quan trong (mot s6 vi du dugc néu trong bang 6.3) nhung khong tim thay
trong protein. Da ¢6 gia thuyét dua ra 1a ngay tr nhing budc tién hod dau tién cua su
s6ng, dang L da duge "chon” mot cich ngau nhién hoac ¢6 mot vai uu viét nho ma bo
mady tong hop va st dung protein da nham vao cac dang nay.

Thuc su 1a van chua c6 10i giai thoa dang. Bing phuong phép tong hop hién dai, méi
day ngudi ta da tong hop dugc "protein” bang tat c4 cac D-aminoaxit. Protein nay co cau
trdc tuong tu nhu mot protein tu nhién tuong dng. Sau d6 lai tdng hgp mot enzim loai D-
protein ¢6 cau tric tuong tu nhu enzim thuy phan protein cua HIV. Enzim tong hop nay
khong thuy phan dugc protein ty nhién ma chi thuy phan dugc protein chita D-aminoaxit.
Vay phai chang c6 thé di hoac s& c6 mot "su song -D"?

Trong dung dich, cdc aminoaxit thuong & dang ion ludng tinh mang cang mot lic
dien tich duong (+) do nhém -NH, ¢ dang -NH3+ va dién tich am (-) do nhém -COOH ¢
dang ~COO . Chiing hap thu anh sang, dac biét 1a dung dich cta 3 aminoaxit chira nhan
thom : tryptophan, tyrozin va phenylalanin hap thu khd manh dnh sdng UV G budc song
gan 280nm. Khong chi ¢ trang thai tu do ma ngay ca khi nam trong cdu tric protein, cic
aminoaxit ciing ¢6 kha nang tuong tic v6i mot s6 chat chi thi tao ra san pham mau hap
thu & nhitng budc séng nhat dinh. Do vay, trong thuc 1€ ngudi ta xac dinh noéng do
protein tan trorig dung dich bang phuong phap do do hdp thu cia nhing san pham mau
néi trén va so sanh véi do hap thu cua céc dich chudn c¢6 néng do protein bi€t trudc.

Trong dung dich, tuy thudc vao pH clia moi trudng nd ¢o thé 1a ion ludng tinh, hoac
mang dién (+) hoac (-). Gia tri pH ma ¢ dé aminoaxit ton tai dang ion ludng cuc duge
goi 1a diém dang dién va pH duoc goi 1a pl. Vi cdc mach bén R khdc nhau gilta cac
aminoaxit nén moi aminoaxit c6 mot diém dang dién riéng. Tai diém dang dién, tng
dién tich cla aminoaxit biang 0. Con & bat ki diém pH nao thap hon pl hoac cao hon pl
céc aminoaxit déu mang dién tich duong hodc am, dicu nay tuy thuoc dién tich mach
bén R clia chinh né. Vi vay, trong thuc t€ dac tinh nay duoc stt dung dé phan tich va xéc
dinh cdc aminoaxit . 7

Trong céc chét chi thi mau, ninhidrin 14 chat duge st dung sém va duge bi€t nhiéu
nhat, né phan dng v6i nhém -NH, clia aminoaxit o 100°C va cho san phdm mau dé sam,
hap phu trong ving cé budc song 440-570nm. Co ché phan tng dugc biéu dién trén
hinh 6.4.

Gan day, mot s6 chat chi thi mau, dac biét la nhimg chat cho san phiam phat huynh
quang khi két hop véi aminoaxit da dugc dua vao st dung. Cac chdt nay c¢6 uu viét hon
ninhidrin & chd san phdm tao ra chia ca mach bén R clia aminoaxit gidp dé dang phan
biét dan xuat aminoaxit (hinh 6.4).
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O O
L’ COO u
OH | HO
\C/ ¢ HN—C—H 4 \C/
AN 7\
C/ OH }L HO c
o) Aminoaxit o
Ninhidrin Ninhidrin
H
O
I 7
C C
\ Y .
C:N—C/ + 3H,0+H
C C
0] (@]
S&c t8 mau tim - héng
H R T
F NO, + H—N~—C—CO0O" “CO0 —C—N NO,
| ¥ B
H H R H
NO, NO,
1-Flo-2,4-dinitrobenzen Aminoaxit 2,4-Binitrophenylamioaxit
COO~
H R / \R
—N—C—CO0™ ——>
H I | HO
o=
H H
Aminoaxit
Fluorescamin
Dan xudt huynh quang amioaxit
H3C\ /CH3
N
H3C\
/N N—N SO,C!
HaC
Pansyl clorua Bansyl clorua
0,Cl
Hinh 6.4 Mét 56 chdt chi thi dicge sit dung trong dinh hwiong aminoaxit
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6.2.3. Peptit

Peptit 1a nhimg phan tr sinh hoc cau tao tir moét vai cho t6i hing chuc aminoaxit.
Hinh 6.5 minh hoa su hinh thanh ctia mot dipeptit. Hinh 6.6 minh hoa su hinh thanh cta
mot tetrapeptit. Hinh 6.7 mo ta bd khung peptit.

Peptit tao thanh tir cdc aminoaxit thong qua phan ung ndi dau -NH, clia phéan tlr nay
v6i dau -COOH ctia phan tir kia tao ra lién két peptit. Hai ddu ctia ddy phan tir mdi bay
gio s€ 1a mot dau mang nhém amino (dau cuéi -N) va ddu kia mang nhém cacboxylic
(dau cudi -C). Phan tir méi lai ti€p tuc lién két véi cdc aminoaxit khac lam cho mach lién
két dai thém. Dé thuan tién ngudi ta thuong tinh thir ty aminoaxit cta sgi peptit (hay
polipeptit hoac protein) tir ddu N beén trdi sang phia phai dén dau C. Khi c6 mot so it
aminoaxit két hop v6i nhau chiing tao ra oligopeptit. Khi nhi€u aminoaxit két hop vdi
nhau chiing tao ra polipeptit. Con nhiéu aminoaxit hon nita k€t hop v6i nhau véi cdu triic
phitc tap hon, chiing tao ra protein. Khdi niém polipeptit va prdtein thudng dugc phén biét
bdi khoi luong mol cia chiing. Ngudi ta van goi cic soi polipeptit c6 MV < 10000 Dalton
1a polipeptit, con 16n hon la protein.

Y
{¢ch
s
1
i

T +

,,s A~
o

- Glixin Alanin

Mat phang caa
nhom amit

T (OO

Glixilalanin Nudc

%
&

Hinh 6.5. Si hinh thanh ciia mot dipeptit
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Ala C-diém cubi

N-diém cudi

Ochbital o—-cacbon

Dic trung lién két déi clia bd khung peptit Cac goc do dai lién két

Hinh 6.7. Cdu triic ctia bé khung peptit

Cau triic coa lién két peptit cho thdy hau hét cac lién két bat bién -C=0 va -N-H la
song song hodc gin song song va hoi bi xoin xung quanh lién két C-N. Thuc vay, cic
nguyén tir O, C, N va H géan nhu déng phéng. Chinh su lai tao clia ocbital 7 trong lién két
doi C=0 v6i doi dién tlr con lai clia N dd lam cho mat phéng lién két trd nén vig chéc
(hinh 6.7) va nho cdc mat phang ndy da tao ra lién két bac 2 (phién gap B) d6i véi cau
triic ctia protein. '
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Ngoai lién két peptit, doi khi giita cdc aminoaxit con c6 lién két disunfua néi 2 goc
xystein v6i nhau. Lién két ndy ¢6 vai trd quan trong gidp hinh thanh cdu tric khong glan
clia rat nhiéu protein, dac biét protein ngoai bao c¢6 chiic nang sinh hoc quan trong nhu
hoocmon, immunoglobulin va khang thé.

Peptit c6 tinh chat 1f hod khong khdc nhiéu so v6i aminoaxit vi cung chita mdt nhom
-NH, va -COOH ty do giong nhu aminoaxit. Sy khac nhau & day chi la do cac mach bén
R cla géc aminoaxit tham gia chudi peptit gay ra. Chinh ching lam thay doi dac tinh
dudng chuidn do va diém dang dién cta peptit. Cac nhém -NH, va - -COOH con lai 6 2 dau
peptit ciing tham gia céc phan tng dac trung. Cac peptit bl thuy phan hoan toan boi dung
dich HCI 6N & 110°C trong 24h, hoac boi dung dich kiém dé cho cac aminoaxit ty do.

Pé xéac dinh thi tr aminoaxit trong polipeptit, ngudi ta phai danh ddu 2 dau Cva N
bang cach gén hod chat danh dau lén aminoaxit dau cuoi N va C. Phé bién hon ca 1a gan
lén dau N dabsyl clorua, dansyl clorua va 1-fluo-2-4-dinitrobenzen. Sau do tién hanh
thuy phan bang HCI va ti€n hanh tdch riéng tung aminoaxit duogc giai phong. K&t qua sé
biét duoc aminoaxit dau N chita chat danh déau gan vao né (hinh 6.8).

Lién két peptit con bi thuy phan boi enzim thuy phan protein goi la proteaza. Chung
¢6 mat & tat cd cdc t€ bao vi mo t€ bao dé thuc hién nhiém vu chi y€u la phan giai
protein.

Rat nhiéu peptit, dac biét la nhiing peptit nho, c6 hoat tinh sinh hoc rat dac biét va
hi¢n dang dugc su dung rong rai trong y hoc. Vi du, peptit hoocmon tham gia diéu hoa
trao déi chat va van chuyén thong tin hod hoc gitia cac t€ bao va cdc mo co quan. Insulin
12 mot peptit hoocmon dién hinh, c¢6 phan t khé 16n, gdém 51 aminoaxit nam trén 2 soi
polipeptit ndi v6i nhau bang 2 lién két disunfua. Glucagon 1a mot peptit hoocmon khac
dai 29 aminoaxit dugc tao ra & tuyén tuy, cé tic dong ngugc lai voi insulin. Phan trudc
tuyén yén tao ra peptit hoocmon cocticotropin dai 39 aminoaxit c6 nhiém vu kich thich
vO tuyén trén than. Ngoal ra, con rat nhiéu céc peptit mach ngén c6 phé hoat dong rat
rong. Vi du, dipeptit tdng hop hod hoc L-aspartyl phenylalanyl metyl este c6 tén thuong
mai |3 aspartame hay Nutrasweet 1a chat ngot hon dudng an hang tram lan va hién dang
dugc sir dung rong rdi dé thay thé duong an trong cong nghiép ché bién thuc pham.

Cac peptit mach ngan tu nhién nhu oxitoxin dai 9 aminoaxit do viing duéi doi tiét ra
va dugc du trit ¢ thuy sau cua tuyén yén c6 chic nang kich thich da con co bop, con
bradikinin dai 9 aminoaxit tc ché sung tdy mo.

Ngoai ra, trong tu nhién ciing con rat nhiéu nhiing peptit khac, d6 la nhitng peptit doc
c6 trong ndm doc va nhiing peptit khac lai c6 tdc dung khang sinh.

s—S

Cys — Tyr — lle — GIn—Asn —Cys — Pro —Leu — Gly —NH,

Oxitoxin
Arg — Pro—Pro —Gly — Phe—Ser—Pro —Phe — Arg

Bradikinin
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HiC _-CHs
N
HBC\N/CHS
| i
N
i ﬁ
Q—=S—=0 N
Ci
Dansyl clorua HCl 6M
B
* 110°C, 24h
O:IS:O
THa II\IH
&———?H Ry——CH
l
(I::O C—0
TH LH
I
R Ry—cH
?:O cC—o
TH LH
|
Rs"‘""?H R3————?H
(‘)_——:O C—
TH LH
- |-
R4———-?Fi R4~———?F1
(6{0]0) CO0
Tetrapeptit Dansyl peptit

N
l
N
0==S=—=0
NH
Rf———éH
COOH

Bansyl aminoaxit

-+
"NH,

RT——?H

COOH

*NH,

Rf——?H
COOH

a-Aminoaxit

Hinh 6.8. Xdc dinh aminoaxit ddu N ditng hod chdt dénh ddu

Hién nay nhu cau déi v6i peptit nho c6 hoat tinh sinh hoc rét 16n. Trong tu nhién céc
peptit nay chi t6n tai mot luong rat nho nén cong nghé tdng hop hod hoc peptit da trd
thanh mot nganh cong nghiép kha phat tri€n. C6 3 phuong phap diéu ché peptit :

- Chiét tach va tinh sach peptit tir mo t€ bao. Phuong phap nay rdt khé thuc hién vi s6

lugng peptit trong mo rat nho, rat khé chiét tach va tinh sach.
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- Tong hop bang cong nghé gen, ciing chua dugc phat trién
- Téng hop bang phuong phadp hod hoc. Hién nay pho bién hon ca la phuong phép
t6ng hop theo so d6 hinh 6.9. Thong thudng trude khi ghép ndi 2 aminoaxit ngudi ta phai

Nhom o-HN, ctia aminoaxit Hat polistyren

dudc bao vé bdi t-butyloxicacbonyl Cl—CH; khong tan
0 Ry O o o
| | Il 1 Gan dau C cua aminoaxit 1én
(H3C);C—0O0—C—N— CH—C—O nhém hoat hoa clia hat nhua
Ccr

H

Rq

T
(H3C);C— O— C— r|\l—CH —C— O——CH2-®——Q

H
CF,COOH —>l 2 Tach nhom béo vé - NH,
bang CF,COOH

o
H3K1—CH—-C—O——CH
0 R, O
I >
(HyC)yC—O— C—N—CH—C—0
H 3 Nhém-COOH clia

S — ’ aminoaxit thu hai
N= N dugc hoat hoa

Bixyclohexylcacbodiimit

Nhém - NH, cla aminoaxit
thd nhat bi tdn coéng Dbai
nhoém -COOH d3a dugc hoat hod
clGia aminoaxit thu hai

0]

Tt O
NH—C—NH

Dixyclohexylure

T

o) R, O

Il ]|

(Hy,C),c— 0 —C -—l\ll —CH—C—0 —
) H

Z2=0O—Z2

Lap lai phan ing tur 2 dén 4
cho dén khi két thuc

b T
(H3C);C—0O0—C —-—lil -—CH——C—T —CH—

H H Peptit tdng hop dudc
v HF —=| 5 tach khdi nhua bang
» o phan (g thuy phan voi HF
R, O R, O
.1 ron -
H3N——CH-C——I'\I—‘—CH—C—O + F—CH
H

Peptit dugc tng hop
, . 71
Hinh 6.9. So dé téng hop peptit trén pha ran
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khod cdc nhém -NH, va -COOH dé ching khong tham gia phan dng. Sau khi két thic
phan tng dé tao lién két peptit gifta 2 nhém -NH, va -COOH & vi tri o duy nhat khong bi
kho4 v tach riéng peptit vira méi tong hop dugc, ngudi ta lai phai loai bo cdac nhom khoa
néi trén va lap lai cdc thao tdc tir du dé tao cdc lien ket peptit ti€p theo. Duong nhién
trong qud trinh tong hop con phai thuc hién viéc che chan va tach cac nhém chitc khac c6
mat trong thanh phan mach bén R cta aminoaxit. Ciing vi vay, nén hiéu suat téng hop
hod hoc cuia peptit thudng rat thap va viéc tong hop duoc peptit dai hon 4 hoac 5
aminoaxit la rat kho.

Phuong phap téng hop hod hoc peptit trén pha ran cla nha hod hoc My Merrifield dé
ra 12 : thay vi dé soi polipeptit nam tu do lo ling trong dung dich gay kho khan cho viéce
thuc hién phan dng tao lién két peptit ¢6 dinh huéng, tic gia dua ra y tuéng c6 dinh mot
dau soi peptit (ddu cudi -C) 1én cdc hat nhya khong tan nhoi trong mot cot thuy tinh
giong nhu cot sic ki. Trong moi cot nhu vay, nguoi ta thuc hién viéc ghép naoi lan luot
cac aminoaxit theo trat tu da biét.

Hién nguoi ta ¢6 thé téng hop dugc soi peptit dai ¢ 100 aminoaxit trong vong
khoang 4 ngay. Néu so véi thoi gian trude day vao nam 1961-1963 khi ba nhom cdc nha
khoa hoc M¥, Pic va Trung Quéc thuc hién viéc tong hop lan dau phan wr insulin dai 51
aminoaxit , thi day 1a mot su ti€n bo vugt bac. Tuy nhién, né€u so véi bd may trong t& bao
song thi diéu nay khong c6 ¥ nghia gi ca, vi t& bao vi khuédn téng hop phan i protein dai
¢d 100 aminoaxit chi trong khoang 5 giy.

6.2.4. Ciu tric khong gian cua protein

Cau tric khong gian cta protein 1a tdp hop khong gian cua tat ca cac nguyén tu trong
phan ta. Nguoi ta phan biét 4 bac cau tric cta protein nhu sau :

1. Cau tric bac 1 1a trinh ty sip x€p cac aminoaxit va vi tri lién két disunfua trong
chudi polipeptit. Cau tric bac 1 khong c¢6 cau hinh khong gian dac hicu.

2. Cau trdc bac 2 phan énh su sap x€p c¢6 quy luat trong khong gian clia cdc aminoaxit
trong chuéi polipeptit, phd bién hon ¢4 la cau tric xoan o va cdu tric phién gap nép p.

3. Ciu tric bac 3 phan anh tuong quan khong gian ctiia cdc aminoaxit trong chudi
polipeptit. Trong d6 bao ham su xoidn hodc udn clia céc cau tric bac 2 tao nén cau hinh
khong gian dac thi riéng cho ting loai protein.

4. Cau triuc bac 4 phan anh twong quan khong gian gilta cdc sgi polipeptit (hay cac
phan dudi don vi) trong phic hop phan tir protein.

6.2.4.1. Cau tric bdc 1 : Cic g6c aminoaxit trén chudi polipeptit dugc sip xép theo
mot trat w nhat dinh va lién quan v6i chic nang sinh hoc cua protein mot cach hét sic
chat ché.

Vi su t6 hop khac nhau clia 20 aminoaxit da dan dén cdc loai protein khdc nhau. 0
vi khudn E. coli ¢6 khoang 3000 loai protein khdc nhau, trong khi & ngudi ¢6 161 100000.
Céc protein c6 chitic nang sinh hoc giong nhau thudng c6 cau tric bac 1 khé giong nhau.
Nhu vay, c6 thé thay trong bat ki cdu triic bac 1 ndo cua protein bao gid ciing ¢6 nhiing
doan quan trong bat buoc phai c6 trinh tu sdp xép aminoaxit khong thay déi, ngoai ra O
mot sO vi tri nao dé ¢6 thé ¢é su thay doi ma van khong anh hudng dén chic nang cla
protein. Hinh 6.10 cho thay nhiing vi tri tuong dong va khac nhau clia myoglobin giita
ngudi va ca voi. Ngudi ta con thay xitocrom ¢ cia ngya va ndim men khac nhau ¢ 48 vi
tri, trong khi giita ngan va ga chi khac nhau & 2 vi tri. Qua d6, c6 thé thay céc loai cang
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xa nhau cang c6 su khac biét 16n trong cdch sap x€p aminoaxit. Diéu nay c6 lién quan
dén su tién hoa cta ching.

CSEthrty & 2 3 &4 s 6 7 8 9 10 U 13 14 15 16 17 18
Ngudi GIL|s|p|clE|wW]|Q Y M|v| w6 | K|V E
Ca voi V IL|S|E|GI|E|wW/|Q Y M|v WA |K |V |E
S6 thir tu 19 20 21 23 24 25 26 21 28 29 30 31 32 33 34 36
Ngudi AIDII I BIG/H|G|Q|E |V I IR L |F |k @ |H
Cé voi AlD!¥|BRicglH |G |Q D ]I I IR|L |F |k 8 |H
Sé thir tu 37 38 39 40 41 42 43 44 45 46 47 48 49 50 5 52 54
Ngudi PI/E|T L {E K]|F |D KIF |K|H]|L |K |8 |E Di ET
Ca voi PlEITIL|EIKI|F |{D|R|F K ]|H]L K 1 e |A|E
SGthdty 55 56 57 S8 59 60 61 62 63 64 65 @66 67 68 69 70 Tl T2
Ngudi M| KIAISI|E|D|L |KIK]|H |G AT |V IL T]|A
Cavoi MIK|AIS|E|ID|L |KIK|H]|G vV T IVviL |T]|A

Sethittw 73 74 75 76 77 78 19 80 81 82 83 84 85 8§ 87 88 89 90

Nguoi G |G | Ik |K |KIG|H|HIE|A|E |l |[K|P|L A
Ca voi G|A|l |L|K|K|[K|G|H|H]E A E £ |[KIP L |A
Sothirty 91 92 93 94 95 96 97 98 99 10 0F 102 103 104 105 106 107 18
Ngugi Q|S |H|A|T |K|H|K I |P VIiK|Y|L |E|F |I |S
Ca voi Qls |H|AIT|K{H[K I [P I |K]Y L E|F |I S
S6 thir ty 109 {111 112 14 115 117 1§ 11y 120 121 §22 123 124 125 126
Ngudi E Clr ®ivie |®|s|K|H|P|G|D|F |G |A|D
Ca voi e @ |1 @jv| L |@[s|[R|H|P |G NI|F|G|A|D
S6 thir tu 7 8 129 1300 131 132 13 13 135 136 137 18 1 Mo Ml E 7 7 R
Ngusi alalcla|MIN[K|A|L|E|L|F|R|K|D M|A S|
Ca voi AlalG|lAIMIN|K|A|L|E|L|F|R|K[D|Ff]A A
S6 thir ty G 46 147 148 149 10 B 12 153
Ngudi M/ vy |K|E|L|G|E|Q]|GC
Cé voi BIY|K|E|L|G|¥|Q|GC

Hinh 6.10. Trinh e cdc aminoaxit ciia myoglobin 0 cd voi va hguoi
Ghi chy = S6 thit ty bat ddu tinh tx ddu. Trong s6 153 aminoaxit cé 128 (84%) la dac trung cho
su giéng nhau gifta nguoi va ci voi. Néu bao gom ca 16 vi tri thé la cdc aminoaxit tuong tu nhau
trong ciing mot nhém (Vi dy, loxin va isoloxin) thi su giong nhau dat t6i 94%.

§ . 16 vi tri cac nhom thé gom céc cap aminoaxit trong ciing mot nhom.

. 9 vj trf cic nhém th€ gom cic cap aminoaxit khong trong cling mot nhém.
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; Tach bang  Thanh pha Xé&c dinh ching loai
————»HC! oM Aml_r:o ——— Q,i?nogxﬁ” va s8 lugng aminoaxit
NO, tl?)::;o HPLC trong sgi polipeptit
7 NO, NO,
FDNB
\ . "
NO, Aminoaxit Xac dgréh "
tu do aminoaxit dau
(B) F HCI 6M Lo
NGO, NO,
fl\lH NH
Dan xuét Ry ——CH Ry—CH
2,4-dinitrophenyl ] |
cla polypeptit (I;:O COO™
NH
| Dan xuét
Ry—CH 2,4-dinitrophenyl
l clia aminoaxit dau N
N Phenylizo- ¢=0
l thioxyanat
I
S _—
-
C - +
(©) OH HCI 6M . TH3
NH N —_ .
| 7N\ ki TH Xac dinh 1an luot
c—g 0O=¢ C=s ___ . cac aminoaxit bing
— | | C==0 cach Iap lai nhidu I4n
| HC——NH | chu ki phan (tng Edman
cT
R
| Dan xuét |
C=—0 phenylthiohydantoin —0
| c0a aminoaxit
: fl\’H
R,— (I:H
C=0

VAN

Hinh 6.11. Cdc giai doan xdc dinh thit tie sdp xép aminoaxit

Cho dén nay ngudi ta da bi€t dugc céu triic bac 1 clia khoang 2000 loai protein. Hinh 6.11
trinh bay so do xdc dinh trinh tu cic aminoaxit trong soi polipeptit gom 2 budc :
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- Xac dinh thanh phan va s0 lugng aminoaxit (A).

~ X4c dinh cac aminoaxit ddu N theo phuong phdp Sanger (B) hoac xdc dinh lan luot

cac aminoaxit bang céch lap lai nhiéu lan chu ki phan tng Edman (C).

Theo quy luat, sgi polipeptit cang dai thi viéc xdc dinh thir ty aminoaxit cang khoé va
cang dé bi sai s6t, dac bi¢t d6i v6i nhitng soi dai hon 50 aminoaxit. Do dé can phai cat
chiing ra nhiéu doan, ti€n hanh xdc dinh tha ty aminoaxit cua timg doan roi ghép ching

lai v6i nhau dé dugc biic tranh toan canh vé cau tric bac 1 cla phan tu protein.

Thi tu sdp xép aminoaxit trong phan tu protein la ngudn thong tin quan trong vé ciu
tric khong gian 3 chiéu va chic nang cua protein, vi tri cua né trong t& bdo, trong co thé
sOng va ca trong qud trinh tién hod. Thir ty ca aminoaxit trong protein duge quyét dinh
tir thd tu chia cac nucleotit cta gen da dugc ma hoa (phan nay s€ dugc trinh bay ro hon
trong phan tdng hgp protein).

6.2.4.2. Cdu triic bdc 2 : gom xoan a, phién gap nép f va xoan colagen.

1. Ciu triic xo4n o (hinh 6.12a) : Poan mach polipeptit xoan chat lai lam cho nhiing
nhém peptit(-CO-NH-), Cy tao thanh phan bén trong cla 16i xoan, cic mach bén R quay
ra phia ngoai. Cdu triic nay dugc gitt ving chit yéu nho lién két hidro dugc tao thanh gita
nhém cacbonyl ctia mot lién két peptit v6i nhém -NH cla lién k€t ti€p sau cach nhau 3
goc aminoaxit trén cung mot mach polipeptit. Tat ca cac nhém -CO va -NH ¢6 trong lién
két peptit ctia mach polipeptit déu tao thanh lién két hidro v6i nhau nhu vay, nghia la ct
mbi nhom -CO-NH- déu ¢ thé tao thanh 2 lién két hidro v6i 2 nhom -CO-NH- khéc. Cac
lien két hidro duoc tao thanh véi so lugng 16i da, bao dam do bén vitng cau tric xoan a.
Chiéu xoin c6 thé xoan phai (thuan chiéu kim dong ho) hoac trai, nhung xoéan o trong
phan tir protein thudng 12 dang xoan phai. Chi¢u dai cdc doan Xoin o trong phan tir
protein thudng khong dai, ngan hon 404.

2. C4u trdc phién gap nép B (hinh 6.12b) : Xuat hi¢n trong fibroin cha to tam, né
khdc v6i xoan o & mot s6 di€ém chi y€u sau :

- Poan mach polipeptit ¢6 cdu tric phién gip nép B thuong dudi dai ra chi khong
cuon chat nhu xodn o. Khoang cich trén truc gitia 2 g6c aminoaxit ké nhau 1a 3,54, con
& xodn.a 1a 1,54 .

- Lién két hidro con duge tao thanh giita 2 mach polipeptit khac nhau, o ké nhau, cé
thé ciing hudng hay ngugc huéng véi nhau. Trong phan tlr ciia nhiéu protein hinh cau
cudn chat con gap kiéu cdu tric "quay " (3 d6 mach polipeptit bi dao huéng dot ngot.
D6 1a do tao thanh lién két hidro gita nhém -CO cua lién két peptit thit n v6i nhém -NH
cta lién két peptit thir n+2.
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Hinh 6.12a. Xodn « Hinh 6.12b. Phién gap nép p

3. Cau tric xoan colagen (hinh 6.13) : Kiéu cdu tric nay xuat hién trong phan tir
colagen. Thanh phan aminoaxit clia colagen rat dac bi¢t so v6i cdc protein khic : glixin
chiém khoang 35%, prolin chi€m khoang 12% tong s6 aminoaxit trong phan ta. Ngoaira
colagen con chita 2 aminoaxit it gap trong cic protein khdc 1a hidroxiprolin va
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hidroxilizin. Don vi cdu triic cta colagen la tropocolagen bao gom 3 mach polipeptit bén
vao nhau thanh mot "day cap” siéu xoan.

AN
o>
! o
—
> &

25 OKEROERINE

—
f aaava |

6% %2 %%
._>
- >

A
D)
2
—
o
AS)
)

Hinh 6.13. Cdu triic ctia sot colagen
a) Cau triic bacl va 2 ciia phan t tropocolagen.
b) Phan tr tropocolagen gom 3 chudi polipeptit bén véi nhau.
¢) Su sap x&p clia cdc phan tlf tropocolagen trong soi colagen.
d) V&l van ngang thé hién cdc phan tir & cdc day ké nhau xép Jeéch nhau mot khoang cdch 64 nm.

¢) Hinh anh thu dugc qua kinh hién vi dién ur.

6.2.4.3. Cdu tritc bdc 3 : Cau triic nay phan dnh tuong quan trén pham vi toan b soi
polipeptit. Nhitng aminoaxit nam 6 xa nhau va nam trong nhitng cdu tric bac 2 khéc
nhau lai thudng hay tuong téc tiép can v6i nhau trong cdu tric bac 3. O nhitng doan uon
hoac gdp nép thudng c6 mat Pro, Thr, Ser va Gly. Cic lien két va tuong tac yéu c6 vai tro
quyét dinh giit 6n dinh cau tric bac 3. Véi lien két nay cdc phan tir ¢é xu thé€ cudn chat
lai, cac gc ki nuéc quay vao trong, cac g6c ua nudc ¢ trén bé mat phan tir. Khi bién tinh
phan tir protein bang cédc tdc nhan hod hoc hoac vat 1i tdc 12 phd vo lién két Vandevan,
lién két hidro, khir cdu sunfua, phan tir protein s€ bi dubi ra dong thoi thay d6i mot s6
tinh chat ctia né, dac biét la tinh tan va hoat tinh sinh hoc. Hinh 6.14 mo ta cdu tric bac 3
va su bién tinh ctia phan tif protein. Sy bi€n tinh nay c6 thé thuan nghich né€u nhu ching
¢6 thé trd lai trang théi cdu tric ban dau va khong thuan nghich néu nhu vinh vién khong
tr& lai trang thai cdu tric ban dau. Véi nhiét do cao thudng phd v tat ca cac lien két lam
cho phan tir protein bi bién tinh hoan toan, vi du nau riéu cua, canh tring. Cac dung moi
hitu co, mu6i amoni, chat tdy rita thudng tdc dong nhe nhang hon, chi phd v& tuong tac ki
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nudc. Do pH ciing lam thay déi téng dién tich clia phan t protein va phd v& mot phan
lién két hidro nén ciing dugc xem 1a mot yéu td gay bién tinh.

1

Bién tinh thuan
———————
~ T —

Bién tinh-nghich

(a) (b)

Hinh 6.14. Cdu triic bdc 3 ciia phén ni protein i nhién (a) va bién tinh (b)

6.2.4.4. Cdu tric bdc 4 : Rt nhiéu protein chia 2 hoac nhiéu soi polipeptit, con goi
1a phan duéi don vi (subunit) giong nhau hoac khac nhau. Do vay, cau tric bac 4 phan
anh twong tic khong gian gita cic phdn ndy trong phan tir protein. Vi du, phan tir
hemoglobin (Hb) cua hong cdu c¢6 chic nang van chuyén oxi trong méu. Phan tir Hb c6 4
chudi polipeptit thuoc 2 loai khéc nhau goi 1a chudi o va chudi p sip x€p thanh khéi ¢o
dang cau. Mbi chudi ¢6 mot nhan hem 1a trung tam lién két oxi, vi vay, mot phan tr Hb
k€t hop dugc v6i 4 phan tir oxi. Hinh 6.15 mo ta c4u tric bac 3 cia myoglobin (a) va cdu
tric bac 4 cua hemoglobin (b). Hinh 6.16 mo6 ta 4 bac ciu tric clia phan tu protein.

PauN DaucC

(a) | _ (b)

.~

Hinh 6.15. So sdnh cdu triic ciia myoglobin (a) va cdu triic ciia hemoglobin (b)
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Céu truc bac 1

Céu trGc bac 2

Nhom hem

CAu truc bac 3

Hinh 6.16. Bén bdc cdu triic ctia protein

6.3. MOT s@ TINH CHAT QUAN TRONG CUA PROTEIN
6.3.1. Khdi lugng va hinh dang phin tu protein

Protein c6 khéi luong phan tir tuong d6i 16n, ¢6 dang hinh cau hoac dang sai.

Protein hinh ciu tan trong nudc hoac dung dich mudi loang, rat hoat dong vé mat hod
hoc. Thuoc nhém nay c6 hdu hét protein ¢6 hoat tinh xuc tdc, albumin, globulin,
myoglobin, hemoglobin,... Ti 1¢ giifa truc dai va truc ngén cta phan tir hinh cau la khoang
20, con & cdc protein hinh soi thi ti 1€ nay 16n hon nhiéu. Chiéu dai protein hinh soi dat
t6i 3000A nhung dudng kinh chi 154. Cac protein hinh sgi tuong déi tro vé mat hoa hoc,
chli yéu c6 chiic nang co hoc. Vidu: Colagen cba da, xuong, sun, gan, rang, keratin cla

téc, long, fibroin cla to, miozin cua co,...

BANG 6.4. KHOI LUGNG PHAN TU TUONG POI CUA MOT SO PROTEIN

Protein Khdi lugng phan ti (Dalton)
Xitocrom ¢ 11600
Ribonucleaza 12700
Lizozim (I6ng tréng triing) 14400
Myoglobin 17800
Tripsin 24.000
Bromelain 25.000
Pepsin 36000
Hemoglobin 64500
Albumin huyét thanh 69000
Hexokinaza 96000
Lactat dehyrogenaza 150000
Ureaza 483000
Miozin 620000
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6.3.2. Tinh chdt luéng tinh cua protein

Clng nhu aminoaxit, protein cling la chat dién li ludng tinh vi trong phan tir protein
con nhiéu nhém phan cuc ciia mach bén. C6 thé diéu chinh pH dé tach riéng cdc protein
ra khoi hén hgp cua ching. Khi pH = pl céc protein dé dang két tu lai véi nhau lam cho

protein két tha.

BANG 6.5. PIEM DANG PIEN CUA MOT SO PROTEIN

Protein . pl Protein pl
Pepsin 1,0 Hemoglobin 6,8
Albumin tring 4,6 Ribonucleaza 7,8
Cazein 4,7 Tripsin 10,5
Albumin huyét thanh 4,9 Xitocrom ¢ 10,6
Gelatin 4,9 Prolamin 12,0
Globulin stta - 52

6.3.3. Tinh chat dung dich keo protein, su két tiia protein

Khi hoa tan, protein tao thanh dung dich keo. Cac phan ti keo ¢é kich thudc 16n,
khong di qua mang ban tham. Nguoi ta su dung tinh chat nay dé tinh sach protein khoi
cdc chat phan tir thap bang phuong phap tham tich. Do trén bé mat cua phan tu protein ¢6
cac nhém phéan cyc nén khi hoa vao nudc, cdc phan tir nuéc ludng cuc duge hap phu bai
cdc nhom nay, tao thanh mang nuéc bao quanh phan tir protein goi la 16p vo hidrat (16p
do nudc). Do bén dung dich keo protein phu thugc vao nhiéu yéu 16, vi du nhu sy tich
dién cua phan tir protein, mic do hidrat hod, nhiét do,... Khi thay déi cac yéu t6 nay sé
tao ra két tua protein. Né&u loai bd cdc yéu t6 gay két tha thi protein c6 thé trd lai tao
thanh dung dich keo nhu truéc day. Ngudi ta thudng ding cic mudi vo co nhu
(NHy4),S04 hay cdc dung moi hitu co nhu axeton, etanol dé tao két tda protein nhung phai
ti€n hanh & nhiét do thap. Cdc yéu 15 gay bién tinh khong thuan nghich thudng dugc sit
dung dé loai bo protein ra khdi dung dich : dung nhiét, c4c axit manh, cac kim loai nang,...

6.3.4. Kha ndng hap thu tia tit ngoai ctia protein

Dung dich protein c6 khd nang hap thu 4nh sdng tir ngoai & viing ¢6 budc séng 180-
220nm va 250-300nm.

6.3.5. Kha nidng thuy phén cta protein

Céc phan tlr protein c6 thé bj thuy phan bang axit, kiém hay enzim cho cic polipeptit

va cudi cung 1a cdc aminoaxit.
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6.3.6. Cac phin ting thudng dung dé dinh tinh, dinh lugng aminoaxit va protein

1. Phdn dng biure la phan tng dac trung cua lién két peptit. Tat ca cac chat ¢6 chia tir
2 lién két peptit trd 1én déu cho phan ung nay (aminoaxit va dipeptit khong ¢é phan g
biure). Trong moi trudong kiém manh, lién két peptit trong phan tr protein phan Gng véi
CuSOy, tao thanh phic chdt mau tim hoac tim do hdp thu cuc dai ¢ bude song 550nm. Do
nhay cta phan dng dugc tang lén nhiéu lan khi ¢6 thudc thir Folin-Xiocanto (Folin-

Ciocalteau).

2. Phén tng véi thudc thir Folin-Xiocanto dung dé dinh lugng protein (phuong phap Lowri).
Thuéc thtr Folin-Xiocanto ¢6 chia axit photphomolipdic va axit photphovonphramic.
Céc chat nay mot mat 1am tang do nhay phan tng biure, mat khac phan tng véi goc Tyr
va Trp trong phan ti protein. Cic g6c aminoaxit nay tham gia trong qua trinh tao phic
chat mau xanh da troi hdp thu cuc dai ¢ bude séng 750nm. |

3. Phan tng vé6i Ninhidrin (da dé cap & phan trén).

6.4. MOT SO PROTEIN QUAN TRONG
6.4.1. Protein don gian

6.4.1.1. Albumin : Tan trong nudc, bi két tua & néng d6 muoi (NH,),SO, kha cao
(70-100% do bao hoa). Céc protein thu¢c nhém nay pho bién & 1€ bao dong vat va thuc
vat. Albumin long trdng tring, albumin huyét thanh duoc sir dung rong rai trong nhicu

linh vuc.

6.4.1.2. Globulin : Khong tan hoac tan rat it trong nudc, tan trong dung dich loang
ctia mudi trung tinh nhu NaCl, KCl, Na,SOy, K,S0,. Cic protein nhém nay thuong bi két
tha & néng do (NH,),SO, bén bdo hoa. Globulin ¢6 trong huyét thanh méu, 1ong trang
tring,... O thuc vat ¢ trong 14 va déc biét trong cdc nhém cay ho dau. Globulin la protein
du trit chii yéu ctia cdc cay ho dau, chi€ém khoang 60-80% protein t16ng cha loai hat nay.
& nhiéu hat hoa thio, globulin chi chi€m khoéang tir 2-13% protein tong.

Céc protein thuéc nhém nay ciing c6 khoi lugng phén tr rat khac nhau va thuong
chita saccarit. ,

6.4.1.3. Prolamin : Khong tan trong nuéc hoac dung dich muéi lodng, tan trong
etanol hoac isopropanol 70-80%. Prolamin hdu nhu chi c6 trong phan noi nhii chtta tinh
bot cia hat hoa thao. Vi du : gliadin cta hat lda mi, hoocdein ctia dai mach va zein cta
ngod. O mot s6 hat hoa thao. ham lugng protein tan trong cén ¢ thé chiém dén 30-60%

protein téng clia hat. Ham lugng prolamin trong lia it hon nhicu, chi vao khoéng 5%.
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6.4.1.4. Glutelin : Chi tan trong dung dich kiém hoac axit loang. Glutelin ¢6 trong noi

nhil hat hoa thio va mot s6 hat ctia cay khdc nhu : glutelin cta lda mi, orizenin cua lua.

Prolamin va glutenin la cac protein du trit dién hinh cta hat hoa thao, chung két hop
v6i cdc thanh phan khdc trong noi nhil cia hat tao thanh phic hop ¢6 khoi luong phan ta

rat 16n goi 1a gluten. Gluten ¢6 cau triic khong gian rat phic tap.

6.4.1.5. Histon : La protein kiém, c¢6 chita nhiéu aminoaxit nhu Lys, Arg, dé tan
trong nudc, khong tan trong dung dich amoniac loang. Nguoi ta da tich duogc tir nhiém
séc thé cta t€ bao nhan that 5 dang histon, ki hiéu 1a H,, Hy, Hy, H3,va H,.

6.4.2. Protein phiic tap bao gém cofacto va apoprotein

6.4.2.1. Nucleoprotein tap trung trong nhan t€ bao v4i nhém ngoai la nucleic,
apoprotein la polipeptit hay protein ¢6 tinh kiém. Vi vay, ching két hop véi nhau khd
chat. Dién hinh la cac histon va protamin lam vé virut va chudi ADN. Mudn tach riéng

chdng phai dung dung dich muéi hoac axit lodng.

6.4.2.2. Cromoprotein v6i nhom ngoai 1a hgp chat ¢6 mau. Tuy theo dac tinh cua
nhom ngoai ta ¢6 cdc cromoproteit ¢c6 mau khac nhau. Vi duy, nhan hem cé mau do la
nhom ngoai cua myoglobin, hemoglobin, xitocrom c, catalaza riboflavin ¢6 mau vang la

nhdém ngoai cta céc flavoprotein.

Céac cromoprotein ¢6 hoat tinh sinh hoc cao, tham gia trong nhiéu qua trinh séng

quan trong nhu ho hap, oxi hod khtr, qua trinh nhan anh sang.

6.4.2.3. Glicoprotein v6i nhom ngoai la mot gluxit. Ching ¢6 trong tat ca cdc mo
dong vat, thuc vat va vi sinh vat. Thuéc nhém nay con ¢6 nhiéu protein cta mau (cdc
globulin mién dich, fibrinogen,...), muxin trong nudc bot va mang nhay, mot s6 enzim
(bromelain, ribonucleaza B cla tuyén tuy,...), cdc protein cau tric mang t& bao. Nhom
ngoai gluxit cé vai tro dinh hudng glicoprotein trong mang va con c¢é thé ¢6 vai trd nhéan

biét giita cac t€ bao.

6.4.2.4. Lipoprotein v6i nhém ngoai 1a lipit. Ching déng vai trd van chuyén lipit
trong co thé. Lipit khong tan trong nuéc nhung sau khi két hop véi protein, phan ki nudc
lipit cudn vao trong, phan apoprotein tao thanh 16p vo boc xung quanh, do dé chiing c6
thé van chuyén trong méi trudng nudc, vi du trong mau.

6.4.2.5. Photphoprotein v6i nhdm ngoai la axit photphoric, kgt hop véi apoprotein
qua -OH cuba Ser hoac Thr cta protein. Photphoprotein phd bién trong co thé sinh vat,
tham gia diéu hod nhiéu quéd trinh quan trong. Thuoc nhém ndy c¢6 mot s6 enzim
(photphoglucomutaza, photphorilaza A,...) cazein cha sita, vitelin cua long do trung. -
82
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Cazein c6 khoi lugng phan tr 100000 dalton, c6 du cac aminoaxit cén thiét. Trong stra
cazein & dang tién chat cazeinogen (chi€m 80% trong sita bo) bi két tha & pH axit. Dudi
tac dung cua kimozin va mot s6 proteinaza axit khdc, khi c6 ion Ca2+, cazein chuyén
thanh cazein khong tan (hién tugng dong sita). K&t tha cazein dugc gilt trong da day lau
hon va duge hdp thu hoan toan hon. Cic cazein khdc nhau (o, B , y) ¢ thanh phén

aminoaxit va ham lugng photpho khéac nhau.

6.4.2.6. Metaloprotein véi nhém ngoai 1a cdc ion kim loai. Céc ion Kim loai thuong
gap la Fe, Mg, Cu, Zn, Mn, Mo,... Chiing ¢6 thé ¢6 nhiéu chiic nang khac nhau nhu

- Van chuyén va du trir kim loai (transferin va feritin chira sit, xeruplazmin chira
déng). Trudng hop nay lién két gitta kim loai va apoprotein khong bén.

- Truc tiép tham gia trong hoat dong xic téc cha enzim. Khi khong c6 kim loai thi
enzim mat hoat tinh. Tyrozinaza 1a enzim chita déng, cacboxipeptitdaza chia kém,
xantinoxidaza chita Mo, hé thong nitrogenaza tham gia qua trinh ¢6 dinh dam chita sat va

Mo. Truong hop nay lién két giita kim loai va apoprotein bén vitng hon.

- Kim loai & trong nhém ngoai cta nhicu protein va enzim, vi du Fe trong nhan hem.

83

http://tieulun.hopto.org



Chuong 7
AXIT NUCLEIC

7.1. DAI CUONG

7.1.1. Dinh nghia

Axit nucleic 1a mot polime sinh hoc dac biét, duge tao thanh tr cdc mononucleotit
k&t hgp v6i nhau qua lién két photphodieste. Axit nucleic ¢6 thé bao gém 1 chudi (ARN)
hoac 2 chudi (ADN) polinucleotit két hop véi nhau qua lién két hidro.

7.1.2. Phan loai
- Nucleotit : + Ribonucleotit
+ Deoxiribonucleotit

- Axit ribonucleic : + ARN,, (ARN thoéng tin)
+ ARN, (ARN van tai)
+ ARN, (ARN riboxom)
+ ARN, (ARN virut)

- Axit deoxiribonucleic : + ADN gen

4+ ADN virut

7.1.3. Ham lugng
- Trong co thé s6ng, t6ng axit nucleic chi chiém vai phan tram.

- Trong t€ bao cla cdc mo6 khdc nhau cla cing mot co thé thi s6 luong ADN gidng
nhau. Néu ¢ khéc loai thi khdc nhau rat xa.

- Ham luong ARN phan b6 ¢ cdc mo trong cing mot co thé rit khac nhau dua vao
chitc nang cua tirng mo.

7.1.4. Chuc niang

- Luu gilr va truyén tai toan bo dit lieu thong tin cla t&€ bao.

- Dy trit va cung cap nang luong cho toan bo hoat dong song cia té bao.

- Diéu hoa hoat dong séng cla t€ bao.

- Lam téc nhan sinh tong hgp protein.

7.2. CAU TRUC HOA HOC CUA AXIT NUCLEIC

Thanh phén cdc nguyén t6 : bao gébm C, H, O, N va P, trong dé nguyén t§ P chiém
ham luong tuong do6i cao tir 8-10%.

Thanh phan cia mét monome (nucleotit) bao goém 3 loai phan tir : bazo nito, pentozo
va axit photphoric két hop v6i nhau theo tilé 1 : 1: 1 (hinh 7.1).
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Bon vi lap lai cia ARN

Pon vi 1ap lai cia ADN

- O
,O\P/O O\P Y
7\ 2
o7 O g7
H
Lién Kkét ‘o\ /O OH Lien két| ~O
p photpho
photpho AR ~diest
-dieste g © leste o)
H o  H
Bazo Bazo
H H H H
- - 0]
O\p /O OH O\P Y H
o7 O o7 O
H o H Ho H
Baza Bazo
H H H H
- - H
O 0 OH O\ O
7 N //P\o
ARN ADN

Hinh 7.1. Cdu triic ciia ARN va ADN

7.2.1. Bazo nito

Cic bazo nito c¢6 trong thanh phan cha axit nucleic 12 cdc dan xudt cta purin hoac

pirimidin.

- Purin : Hai bazo purin thudng gap la adenin (viét tat 1a A) va guanin (viét tat 1a G).
Ngoai ra con mot vai bazo ciing xuat phdt tir nhan purin nhung it gap hon duoc goi la céc

bazo la (hinh 7.2a).

- Pirimidin : Bazo pirimidin thudng gap trong ADN la xitozin (viét tat 1a X) va timin
(viét tit 1a T) ; con trong ARN lai 12 xitozin va uraxin (viét tét 1a U). Ngoai ra cling xudt

hién céc bazo la khac (hinh 7.2b).
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NH, ﬁ

6 7
% N - N
N /\/,5[ AN . N | \> HN I \>
3 H H 2 H
Purin Adenin (A) Guanin (G)
6-aminopurin 2-amino-6-oxipurin
i I
/” N - N
T LD
NS
\N N o) N N
H H H
Hipoxantin Xantin
6-oxipurin 2,6-doxixanti
Hinh 7 2a. Purin va cdc dan xudt
NH, NH, NH,
6
4
INT l5 NT NT | CHoH N | CHj
2& 4 )\ )\ )\
N O N o) N 0o N
3 H H H
Pirimidin o )
Xitozin (X) 5-hidroximetylxitozin 5-metylxitozin

2-oxi-6-amnopirimidin

0 N
H

.
O S

Uraxin (U) 1-metyluraxin
2,6-dioxipirimidin

i
~ Timin (T)
j\ l CHy 2,6-dioxi, 5-metylpirimidin
O N '
H

Hinh 7 2b. Pirimidin va cdc ddn xudt
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7.2.2. Duong pentozo
- Duong ribozo c6 trong ARN
- buodng deoxiribozo ¢6 trong ADN

Riboza

2-deoxiriboza

7.2.3. Lién két giita bazo nito v6i dudng tao ra cac nucleozit va lién két giua

nucleozit véi axit photphoric tao ra cac nucleotit (hinh 7.3)

Nucleozit Nucleotit
NH, NH,
N X N XN
N - 0 4
HO 74 0
N CA L NN < _L
CHy H o H N H 2 HoH N N H
) N ‘ Adenozin 5-monophotphat
H Adenozin 0 H H
O (AMP)
OH OH H OH  OH H
/ N 7
SN e G RN LN
CHy H H N N/ P Cth H o H N N)\
_ NH, | NH,
¥ Guanozin e H HGuanozin 5'-monophotphat
OH OH NH, OH OH NH, (GMP)
H
= i p
N - 0O |
| 0 i /&
AN H
N/‘\o F" Cth 4 o_H N© 0
g Xitidin O H H Xitidin 5-monophotphat
o OH OH XMP)
o)
H n—H
N H : H
H o f o |
CH; H o H N0 \rlo/ Nerp gy o 1 N/J\o,
H H Uridin -0 H Uridin 5'-monophotphat
OH OH (UMP)

Hinh 7.3. Nucleozit va nucleotit
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7.2.4. Tén goi va cach biéu dién ngin gon cac lién két giita cac thanh phin cta axit
nucleic (hinh 7.4)

NH, ' NH,
: N
) N ~
V. l X 0 ﬁ IOI </ ' N
n e P
CH,OH N N/l O— P»ww(Q—FP (@) P OCH, N N
o | | | o
o o OH My ¥
H H FIi
O H H H
” OH OH
“0—P—O0  OH 1
| :
O ¢ 3
Adenozin 3’-photphat 1. Adenozin monophotphat (AMP), hoéc pA.
Vi€t tat Ado 3’-P., hoac Ap, bi€u dién hinh vé biéu dién hinh v& thu gon : A
thu gon : A 2. Adenozin diphotphat (ADP) biéu
dién theo ki€u sau : AMP ~ P.
3. Adenozin triphotphat (ATP) biéu P
3 dién theo kiéu sau : AMP ~ P ~ P. S
) Dau "~" chi lien két gidu nang
luong

Hinh 7.4. Cong thitc cdu tao, cdch viét tdt, biéu dién hinh vé thu gon mér sé adenozin photphat

Trong co thé sinh vat con gap céc nucleotit vong. Cac AMPy, dung 1am chat truyén
tin trung gian cia mot s6 hoocmon dé diéu hoa cdc hoat dong séng. Cau tao dugc thé
hién nhu sau (hinh 7.5) :

NH, <
. [
| /] N
=
N

o O
\P/
/

4 \O"

Hinh 7.5. Adenozin 3°.5 - monophotphat (trdi) va Adenozin 2°.3 - monophotphat (phdi)
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Ngoai cac AMPy, trong co thé ciling con gap cac GMPy,. Cac chat nay gitf vai tro chia
khod trong viéc kiém tra cdc qua trinh song nhu diéu hoa hoat do cua enzim, la chat trung
gian cho hoat dong cta nhiéu hoocmon.

7.2.5. Phan loai cac nucleotit

BANG 7.1. PHAN LOAI CAC NUCLEOTIT

‘ Axit Bazad purin Bazo pirimidin
P91 photphorc Adenin(A) | Guanin(G) Xytozin(X) Uraxin(U)
hay Timin (T)
Mono | AMP GMP XMP | UMP (TMP) |
Ribozo Di ADP GDP XDP UDP (TDP) |
Tri ATP GTP XTP uTP(TTP) |
Peoxi | Mono | dAMP dGMP dXMP dUMP (dTMP)
riboza pi dADP dGDP dXDP dUDP (dTDP)
Tri JdATP dGTP dXTP dUTP (dTTP) |

7.2.6. Chitc ning ctia nucleotit
- Dur trit va van tai nang lugng : Cdc nucleozit diphotphat va nucleozit triphotphat nhu
adenozin diphotphat (ADP) va adenozin triphotphat (ATP) c6 chua cac lien két anhidric
giita cdc goc photphat. D6 1a nhimng lién két giau nang lugng, khi pha v& lien ket nay,
nang luong duoc giai phong 16n gdp 2 lan lién ket este gita cac goc photphat va ribozo.
ATP + H,0 <« ADP + HPO,  AG® = -31kl/mol
ADP+ H,0 <« AMP + HPO,  AG® = -31kJ/mol
AMP+ H,0 <> Adenozin + HyPO,  AG® = -14kJ/mol
- LA tac nhan diéu hod chuyén hod nang lugng va sinh tong hop
- Tham gia tao thanh cac ARN va ADN

I

7.3. AXIT DPEOXIRIBONUCLEIC (ADN)

7.3.1. Pinh nghia
Axit deoxiribonucleic - mot polime sinh hoc dac biét 1a san pham trang ngung cta
Cac dveoxiribonucleolil

7.3.2. Chuc nang
Giit thong tin di truyén
7.3.3. Ham luong
10_12g trong mot t€ bao
12.CSHOA SINH.A ) ‘ %
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Trong nhing mo6 khac nhau thi ham luong ADN ¢6 su khéac nhau it. Vi du, & chuot :

Mb Ham Iu?:wzg ADN Mo Ham Iu?{lzg ADN
(10" '“g) (10" "9)
Gan 9,1 Than : 6.5
Tuy ' 7.1 Tim 6,3
Mang ruét 7.4 La lach 6,3
Phéi 6,5 Tuy xuong 6,7

Trong mot t€ bao cta cac gidng dong vat khac nhau thi ham lugng ADN khéc nhau
rat nhiéu :

Co the Ham Iu<;31nzg ADN Co thé Ham Iu??zg ADN
(10"'“g) (10 “g)

Ngudi 6,8 N&m men 0,05

Cé séu 5,0 Truc khuén ruét 0,014

Céa chép 35 Vi khudn dau mua 0,00027

Ga con 2,3 Truc khuan thé 0,0000026

7.3.4. Cau truc cua ADN. C6 4-bac céu tric :

7.3.4.1. Cdu tric bdc 1 : LA trinh ty clia céc nucleotit. Cic bazo nito tham gia tao cac
nucleotit cua ADN chi gém : A, G, X va T, khong ¢6 U.

Xem trén hinh 7.1 ta thay mach polinucleotit cé tinh dinh hudng. Lién két
photphodieste giita cic monome don vi la lién két giita cacbon 3’ clia monome nay véi
cacbon 57 ciia monome ké can. Do vay, hai ddu cia mach polinucleotit iuyé’n tinh 1a khac
nhau. Mot dau thuong chita photphat 5° chua ti€p néi va ddu kia 12 nhém hidroxi 3’ chu
ti€p noi. ‘

Dua theo quy udc da néu & phén trén, ngudi ta c6 thé biéu dién ADN theo hinh vé thu

gon nhu sau :
A C G T T
SR <Y 3 3
p P P P P OH '
5 5' 5' 5' 5
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Néu tat ca lién két phophodieste 1a 3° — 5° thi ¢6 thé biéu dién thco mot cach Khac

gon hon :

pApXpGpTpT

Né&u ¢6 mot photphat ¢ ddu 3’ va mot hidroxi ¢ dau 5’ thi ¢o thé bi¢u dién nhu sau :

ApXpGpTpTp

Cudi ciing néu ta chi quan tam dén trinh tu cdc nhém co so thi c6 thé viét gon hon nita :

AXGTT

Dé thuan tién, ngudi ta quy udc viét ddu 5° & bén trdi va dau 3’ ¢ beén phai.

7.3.4.2. Cdu tritc bdc 2 : LA cdu triic vong xodn kép cua 2 chudi polideoxiribonucleic
nh& lien két hidro giita cdc cap bazo tuong tng. Nam 1953, hai nha bac hoc James

Watson (My) va Francis
Crick (Anh) da dé xudt mo
hinh xodn kép nay. Thanh
tyu nay di md ra mot bude
ngodt mdi trong lich st sinh
hoc, din dén nhitng hiéu
biét vé co ché phan tlr hoat
dong biéu hién gen. Cic
ong nay da dugc nhan giai
thuéng Nobel vao nam 1962.
Cic cap A-T va G-X
nhu thé hién trén hinh 7.7a.
V6i cach ghép doi nay, cac
lién két hidro manh da duoc
hinh thanh. Cach bo tri cap
doi nay cé nghia la vong
xoan doi phai cé duong
kinh déu dan (hinh 7.7b).
Khong thé c6 kha nang
purin ghép do6i vdi purin va
pirimidin ghép doi vdi
pirimidin. Khoang cdch gitta
cac cap bazo bing nhau va
bing 0,34 nm ding bang 2
lan do day (ban kinh)
Vandecvan ctia mot lién két
vong phang (hinh 7.7c¢).

s

(b)

Cap bazo

(c)

Hinh 7.7. Céu triic vong xodn kép ciia ADN
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Hinh 7.8 mo 14 2 dang xodn A va B, nhung ADN trong (€ bao theo dang xoan B. Tl,Iy
nhién, dang xoan A ciing rat quan trong. Cac phan tr ARN soi kép lai luon luon xoan
theo dang A va cac phan tir lai ADN-ARN ciing vay. Ngoai 2 dang nay, cau tric bac 2
cOn ton tai ca dang quay trai Z. Mot so thong s6 duge dua ra trong bang 7.2.

Hinh 7.8. Hai dang xodn ciia polinucleotit

BANG 7.2. CAC THONG SO CUA CAC DANG XOAN POLINUCLEOTIT

—

Dang A Dang B Dan‘g Z
Chiéu xoan
Phé‘i Phai Trai
86 géc nucleotit clia 1 vong xoén 11 10 12 (6 dime)
D6 quay cho 1 vong xoén 33° 36° -60° cho 1dime
-30° cho 1 géc

Dudng kinh mach xoan 0,255 nm 0,34 nm 0,37 nm
Chiéu dai clia mét vong xoén 2,8 nm 3,4 nm 4,5 nm
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BANG 7.3. THANH PHAN CAC BAZG NITG TRONG ADN CUA CAC CO THE KHAC NHAU

Ngudn ADN Phan tram mol clia cac bazo nitg Tilé T
A G X* T G+X AT G/X

Thé thyc khuan - |

| ©X-174 24,0 23,3 215 31,2 448 0,77** 1,08**
Thé thuc khuén T7 260 | 238 | 236 26,6 47,4 0,98 1,01
Escherichia coli B 23,8 26,8 26,3 231 53,2 1,03 1,02
Neurospora - 23,0 27,1 26,6 23,3 53,8 0,99 1,02
Ngb 26,8 22,8 23,2 27,2 46,1 0,99 0,98
Tetrahymena 35,4 14,5 14,7 35,4 29,2 1,00 0,99
Bach tudc 33,2 17,6 17,6 31,6 35,2 1,05 1,00
Ruéi gidm 30,7 19,6 20,2 29,5 39,8 1,03 0,97
Sao bién 29,8 20,7 20,7 28,8 41,3 1,03 1,00
Ca hoi 28,0 22,0 21,8 27,8 441 1,01 1,01
Ech 26,3 23,5 23,8 26,8 47,4 1,00 0,99
Ga con 28,0 22,0 21,6 28,4 43,7 0,99 1,02
Chubt 28,6 21,4 21,6 28,4 429 1,01 1,00
Bé con 27,3 22,5 22,5 27,7 45,0 0,99 1,00
Ngudi 29,3 20,7 20,0 30,0 40,7 0,98 1,04

Ghi chu :

* : Tinh t6ng chung vi mot vai cd the xuét hién bazo cai blen nhu 5-metylxitozin

#% . Thé thuc khuan nay c6 mot sgi don khong theo quy tac.

Su 6n dinh c&u hinh xoén kép 1a do cdc lién két hidro gita cac bazo nito tao ra. Cac
bazo nito cung khong thé tuy tién tao ra cac lien ket hidro duoc ma phai phu thudc vao
kha ning do ciu tao hod hoc cia cdc bazo ndy quy dinh. Chinh vi vay, A chi c6 thé di véi
T (hoac U trong ARN) va G chi c6 thé di vé6i X. Do do6 tong cdc géc A bang tong cac goc

T va téng cic goc G bang téng cac goc X.

=1

XA _XG _,

T IX
Y(A+G)  Téng sd bazo purin
Y(T+X) Téng sdbazg pirimidin

Thuyc t€ thi ti I¢ A/T va G/X ciing khong hoan toan ding bang 1 (bang 7.3).
Nhu vay, su sai khdc vé thanh phdn nucleotit gitta cdc ADN khac nhau la ti 1€ cua
2(A+T)

Z(G +X)

hoac

A+T

G+X

hoac

A

7.3.4.3. Cdu tric bdc 3 ' Day la dang tu nhién cua phan tit ADN. Pac diém chung
ctia phan tir ADN la chiéu dai c6 thé gap hing tram triéu lan duong kinh cta né. Soi
ADN c6 thé t6n tai & cac dang sau :
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- Dang xodn kép soi thang c¢6 cdc dau 3’ va 5’ tu do. Dang nay gap & t€ bao ¢6 nhan
thuc , ADN thé thuc khuan T7.
- Dang vong (phan tir ¢6 tinh lién tuc) ¢ thé c6 cédc dang sau :
+ Dang vong 1 soi, vi du ADN ctia thé thuc khuan ®X-174 (hinh 7.9)
+ Dang vong 2 soi xodn kép va siéu xoan (hinh 7.10) : ADN cua céc t€ baorchua
c6 nhan chudn, virut, plasmit, ti thé, va luc lap. ‘
Hinh 7.9. Anh chup ciia :- p
thé thiee khudn @X-174 S
diesi kinh hién vi
dién tt

Hinh 7.10. Cdc dang xodn va siéu xodn ciia ADN

Qua bang 7.4 cho thay, kich thudc khadc nhau rat 16n ciia céc phéan td ADN trong virut
va trong t&¢ bao. Nhu vay, c6 thé thdy cdc co thé cang phic tap, cang can chita nhiéu
thong tin di truyén hon nén s6 lugng ADN ciing cang phai nhiéu hon.

BANG 7.4. KICH THUGC MOT SO PHAN TU ADN & CAC SINH VAT KHAC NHAU

Cao thé S6 cap nucleotit (kb)* Chiéu dai (um)**

Virut

SVv40 5,1 1,7

Lamda 48,6 7,0
Vi khuén

Mycoplasma 760,0 260,0

E.coli 4000,0 1360,0
Sinh vat cé nhan chuan

Nam men - 13500,0 4600,0

Rudi gidm ' 165000,0 56000,0

Ngudi 2900000,0 ‘ 990000,0

Ghi chi : * kb (kx]obdzo) la don vi chiéu dai ctia phan tr ADN ¢6 1000 cap bazo cua phan tir axit
nucleic xoan kép hoac chi 1a 1 chudi khong xoéan.

1 kb cia ADN xo0én kép c6 chiéu dai doc theo chudi 12 34004 va khéi luong khoang 660 kDa
**1um chiéu dai clia phan tir ADN ¢6 khoi luong phan tir 12 2 megadalton va c6 chita 3kb.
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7.3.4.4. Cdu tric bdc 4 : La su phan bd cdc cuon ADN trong nhiém sac thé
(cromozom). Ngudi ta da tinh dugc chiéu dai tat ca cdc phan tir ADN cla mot (& bao
dong vat ¢6 vi dién hinh dat t6i khodng 2 m, va néu tinh chiéu dai cua toan b6 ADN chia
trong co thé ngudi s& 1én dén 10 ti km. Tuy nhién, su giang ra nhu vay s& 1a khong hop L
va ciing 1a dé tranh cho nhan tr& thanh mot bui réi bong bong, cc sgi ADN phai dugc
cuon lai mot cach cé té chic. Céc protein histon cé chitc nang dac bi¢t chuyen lién ket
v6i ADN dé tao nén nhiém sic thé (chat nhiém séc) clia nhan. Hinh 7.11 mo (4 cau tric
ciia nucleoxom. Méi hat nucleoxom gém mot doan ADN dai khodng 200 doi bazo quan
.quanh 16i histon. Cac nhiém séc thé cta nhan thuong ¢ dang mot chudi dai céac hat
nucleoxom. Khi t€ bao chudn bi phan chia, chuéi nay co cuon lai hon nita va cé thé thay
dugc duéi kinh hién vi quang hoc nhd qué trinh hoi tu. Trong nhiém sac thé da hoan toan
hoi tu (hinh 7.12) phan tit ADN tao vong va cuén dé hinh thanh mét cau tric chi dai
khoang 6 pm va rong khoang 0,8 um. Nhiém sac thé hoan chinh nay ngan hon ADN ma
né6 chia t6i 5000 1an. Cic t€ bio nhan chuan thuc hién su phan bao v6i cdc nhiém sac the
& dang hoi tu nhu vay. Trong mot t€ bao clia nguoi chita 46 nhiém séc thé twong dng véi
46 phan tir ADN riéng biét, méi phan tir dai khoang 4cm. Céc nhiém sac thé nay chia
dung céc thong tin di truyén cua t€ bao.

10nm

ADN \ \

Nucleoxom ,’

Hinh 7.11. Cdu triic nucleoxom Hinh 7.12. Cdc nhiém sdc thé nr té" bao nguoi

7.3.5. Tinh chat caa ADN

7.3.5.1. Hién twong bién tinh : G pH 7 vi nhiét do thudng (20-25°C), dung dich
ADN ¢6 do nhét rdt cao. Khi tang nhiét do dén diém chay thi cdc lién két hidro gifta cac
bazo bi dut, khong con cdu tric xoan kép, 2 sgi bi tdch roi nhau lam cho dé nhét bi giam.
Thuc chat cha hién tuong bién tinh 12 sy pha vd cdu tric bac 2, 3, 4 chia ADN va lam mat
hoat tinh sinh hoc ctia né. Sy bién tinh nay kém theo sy bién déi quan trong vé tinh chat
vat li nhu : giam do nhét, tang do hdp thu dnh sing, tang mat do quang. Hién tuong nay
c6 thé thuan nghich.

Cic tac nhan gay bién tinh 12 : nhiét do, pH moi trudng, ion kim loai, dung moi hitu co,...

Diém néng chay 1a nhiét do tai pH xdc dinh lam cho cau hidro bi phd v& hoan toan.
Su phé v& nay phu thudc vao s& lugng cdu hidro trong phan tt ADN. S6 cdu hidro nhicu
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hay it lai phu thudc vao ban chat ciia cic bazo. Vi vay, ¢6 the suy ra diém néng chay can
ctt vio s6 luong cdc bazo loai G, X hay A, T. ADN c6 nhiéu G, X thi diém néng chay cao
va ADN cé nhiéu A, T thi diém néng chay thap.

7.3.5.2. Hién tuong sao chép : Ban chit nira bao toan trong qué trinh sao chép duoc
thé hién trén hinh 7.13. Hinh 7.13a la vi khuan E.coli trong moi trudng nitd nang (N').
Hinh 7.13b 1a vi khuédn E.coli trong moi truong nito thuong (N'Y. Hinh 7.13¢ 12 vi khuin
E.coli trong moi trudng nito nang (N'®) nuoi ti€p trong nitg thudng (N') thé he dau.
Hinh 7.13d 12 vi khuan E.coli trong moi truong nito nang (NIS) nudi trong nito thuong
(NH) thé hé dau, sau nuoi ti€p mot thé hé nita.
| Ngudi ta sir dung tinh chat ghép cap theo nguyén tac bo sung gilta cdc gbc nucleotit
cia ADN lam phép thu dé phat hién nhiing doan ADN giong nhau. Cac doan nay co
ngudn goc tr cac loai khdc nhau hodc c6 trong bo gen cua ting loai. Nguyén tac clia phép
thir 12 : 1am bién tinh hoan toan ADN tir cdc loai khdc nhau & cdc diém néng chay cla
ching va tron lan véi nhau réi lam nguoi tr tr. Khi d6 nhitng doan ADN b6 sung lan
nhau gita hai loai ADN trén $€ tao cap v6i nhau va tao thanh soi kép tuy thuoc vao miic
do tuwong déng giita ching. Néu miic do twong dong 16n thi s6 luong cic doan lai cang
16n va nguoc lai. Mic do lai duge xé4c dinh bang phuong phép séc ki hoac li tam, trong dé
mot loai ADN dugc danh ddu bang dong vi phdng xa. Ki thuat nay duoc ap dung rong rai
khong nhiing trong linh vuc Sinh hoc, ma con trong Y hoc dé viéc phat hién sém mot s6
bénh va ca trong phap y dé diéu tra toi pham.

ANV

AW
AVAVS
Y,
MAW

Hinh 7.13. 81t sao chép nmita bdo toan

7.3.5.3. Hién tuong dét bién : Trong thuc t€, & ADN xuit hién mot s6 cai bién hod
hoc. C4c cai bién ndy thudong xdy ra cham, nhung c6 ¥ nghia sinh li dang ké mac dau
khong gay nhitng bi€n ddi 16n c6 hai cho t€ bao. Sy thay déi cau tao cia ADN dén dén su
thay déi thong tin di truyén ma né luu gitt. Nhimg su thay déi di truyén nay duge goi l1a
dot bién. C6 nhiéu bang chiing cho thay su tich luy nhitng dot bién néi trén 1a nguyén
nhan gay ra ldo hod va bénh ung thu. Thong thudng cic nucleotit bi cai bién mot cach
ngau nhién badi cac phan tng deamin hoa va depurin hod (hinh 7.14a va 7.14b).

- Qud trinh deamin hod : Day 1a mot qud trinh thudng xuyén xay ra & diéu kién sinh
1i binh thuong. Vi du goc xytozin & ADN thudng bi deamin ho4 bién déi thanh uraxin vdi *
tan xudt 1/10’ goc trong 24h, twong tng voi 100 céi bién trong 1 t&€ bao dong vat ¢ vi
trong 1 ngay. Goc adenin va guanin ¢ mitc do deamin hod thip hon khoang 100 lan. Két
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qua dan dén mot két luan rat tha vi vé If do tai sao ADN chita goc T chi khong phai goc U.
Tan xuat cdi bién goc X thanh U khd 16n va goc U sau khi xudt hién s€ bi phét hi¢n va loai
bo ngay bdi hé thong tu sita ADN ciia t&€ bao. Vi vay, chi khi binh thudng ADN chua san
goc U thi nhimg goc U mdi xudt hién do qud trinh cai bién géc X tao thanh s€ khong bi
phat hién. Trong qua trinh séng, néu su thay déi dién ra rat nhanh thi sé lam mat tinh bén
vitng 6n dinh di truyén cla loai. Do d6, c6 thé ndi rang su kién sit dung goc T lam mot
trong 4 gdc cia ADN la budc ngoat dam bao su 6n dinh thong tin di truyén.

a) Cac phan (ing deamin hoa

NH, O NH, O
| Il I H I
C AL _C C NN
( ~CH N/ ~cH NF \C/CH3 N C/CH3
| N — | 0 n N — | P:H
Oéc\N/CH O¢C\T/CH OéC\N/CH Oéc\,r/
I |
H H H H
Xitozin Uraxin 5-Metylxitozin Timin
NH, 0. o o
| | 2: I(IJ
NEECIN N e A C/N\C —" o
! h, cH i h. b . Co _CH./
S ~ ~ ~
C\\N/CH\N CQN/CH‘N N7 SN OTN 07 SN ,I\j
| | | ,L H
H H H
Adenin Hipoxantin Guanin Xantin
a) Cac phan dng deamin hoa
O
CI) |
'C\ N ZC~ N
HN® e N #HO_ I CH
o OH v
N HoN N
H,NT SN 2 | )
X 0
| —0—P—0—CH, o
—O)—P— O)— H
0] IFI) (0] CHZO + Il e}
o) H H : O H H
H H H H
G6c Guanozin trong ADN Guanozin Gac mat purin
b) Cac phan Ung depurin hoa
" Hinh 7.14. Mot s6 phdn ieng gay dot bién ¢ AND
13.CSHOA SINH.A 97
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g

- Qud trinh thuy phan lién két glucozit giita go¢ N va duong pentozo . Thuong phan
tng ndy xdy ra & goc purin va lam mat nd (apurination) manh hon nhleu so v4i & goc
pirimidin. Theo tinh todn trong 24h c6 tan xuat mat goc purin la 1/10 hay 10000 goc
trong 1 1€ bio dong vat ¢é vi. Phan dng mat géc purin 0 ARN x4y ra cham hon nhiéu va
khong ¢é y nghia sinh 1i dang ké.

- Qud trinh chiéu xqa : Tu thuc nghiém cho thay rang tia UV (hinh7.15) thuong gay ra
phan dng trimg hop clia nhitng ndi doi thugce cdc goc pirimidin canh nhau tao ra cac dime
vong xyclobutan va dan xudt quang hod 6-4. Diéu nay thé hién 1 gifta cdc gbc timin
canh nhau. Tuong tu cédc tia X hoac y cling lam thay déi hoac cai bién cdu tric ADN.

\\C-—— NH
.
N —0
\C:C\
H/ CHs
P
AN
\C—NH
/
N C—0
N,/
=C
/
H CH,

~—C
H
P o\\ 5 H
C NH \
y C————NH
N \C—— " / \
— C—OH
oo “Se=co
H 3 W6 5 CHy
Xyclobutan timin dime Dan xudt quang hoa 6-4

Hinh 7.15. Su tao thanh dime ctia timin

- Qud trinh tdc dong hod hoc : Mot s6 chat hod hoc la chat thai cong nghiép va mot
$6 chat doc khéc ciing la yéu t6 gay cai bi€én ADN. Vi du, trong thuc t&€ c¢6 thé c¢é 3 nhém
chat nhu : '
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+ Tién chat tao axit nitric thuong 1a cac yéu t6 gay phan ting deamin hod nhu NaNO,,
NaNOs, nitrozamin :

+ Cdc g6c tuong déng c6 kha nang thay thé cdc goc binh thudng va lam xdo tron cau

tric ADN .
O
I
N7 | N>\ N/C\C/Br
/g | I
N N

O4C\ _-CH

N
5-Bromouraxin

+ Céc chat ankyl hod kich thich phan ing metyl hod mot s6 géc va lam mat kha
nang tao cap bo sung (hinh 7.16) :

HoN

2-Aminopurin

s CHy=— O o CH,—— CH, —Cl
AN ) / 2 2
SNTNTO \s/ "t N
CH \ CH,—— CH,—Cl
3 CH— O / AN o , ,
DPimetyl nitrozamin ~ Dimetyl sunfat Nitrogen mu tac
0 (I)H ?CH3
Il
Cc
| 1 /CH _— (I; |(|:H CH ———™ CI |C|H /CH
C\ CH. . / \ P ~N _ % _ -
HzN/ XN tj{ H,oN N H H,N m

Hién tuong hd bién Guanin 0°-Metyl guanin

Hinh 7.16. Cdc tdc nhdn metyl hod va phdn iing metyl hod guanin

7.4. AXIT RIBO NUCLEIC (ARN)

7.4.1. Dinh nghia

Axit ribonucleic - mot polime sinh hoc dac biét tuong tu nhu ADN nhung ¢6 nhing
khdc biét vé thanh phén va cau triic nhu sau :

- Thanh phan dudng 12 ribozo.

- Chi ¢é 1 soi.

- Chi ¢6 U ma khong c6 T. Trong phan tir ARN con c6 thé c6 nhiéu bazo la.

7.4.2. Ham luong '

- Trong nhan t&€ bao : chi€ém 11% khoi lugng.

- Trong mitochondri : chi€m 17% khoi lugng.

- Trong t€ bao chat : chi€m 16% khoi lugng.
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7.4.3. Ciu tric
C6 4 bac cau tric :
+ Bac 1 : Thua tu cac nucleotit trong chudi polinucleotit cling chinh 1a thu tu cac
bazo. Ngoai cac bazo A, U, G, X con xuat hién mot s0 bazo la.
+ Bac 2 : Cau tric xoan, nhung vi ¢ mot s¢i nén chi xoan lal tung doan.
+ Bac 3 : Cau tric cudn trong khong gian tao ra cdc thuy hay tay (xem cdu tric cua
ARN van chuyén).
+ Bac 4 1a su két hgp gitta ARN véi protein.

7.4.4. Phan loai
C6 4 loai : |
- ARN thong tin (ARN,,) chi€ém khoang 5% tong s6 ARN. ARN,, c6 chiic nang la
khuon dé€ 16ng hop protein, c6 trong nhan, trong t& bao chat, rat da dang va c6 kich thude
rat khac nhau : khoi luong mol tir vai tram nghin dén vai triéu dalton hodc 16n hon, mach
dai t6i hang nghin nucleotit.
ARN_ c6 thoi gian song ngin, c6 cdu tric bac 1 tuong Gng véi clu triic cua mot
gen hoac nhém gen t6ng hop né.
ARN,, & € bao nhan dién hinh ¢6 chia "mid" & ddu 5° va "duoi” poli A & dau 3°.
Puoi poli A bao gém 100-300 nucleotit adenilic) Doan nay gan vao ban sao chép dau
tien, c6 thé c6 vai trdo lam bén, bao vé ARN_ va diéu hoa hoat dong phién mi cuia né.
Dau 5’ cia ARN,, & t€ bao nhan dién hinh thudng c6 cdu tric dac biét goi la "'mii" (hinh 7.17).

.
HN ';‘>\
}EN/JQiN | - ? I ﬁ 5
HoH ey —0—P—0—P—0—F—0—Ct,
“OH Oe o o o
~0 BAZO (A hoac G)
! 0

4| 1'

O OCH,

o
\P/
7\
(o) 0]
Hinh 7.17. Cdu tritc "mit” ¢ ddu 5° ciia ¢cdc ARN ¢ 16 bao nhdn dién hinh
100 (C6 thé ki hiéu : 7-mGpppAA...A)
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Cau tric ndy cd vai trd quan trong lam tang kha nang két hop gitta né véi riboxom va ¢o
4nh hudng quan trong dén qua trinh phién ma. Cau tric ndy cling gop phan bao vé dau 5’

khong bi enzim phén giai.

pG
X .
G .
G
A .
U .
U .
U

[
>

A X G
XUX XUGUG X
X T

GAGX X

Cac bazo déi ma

POP XX

Hinh 7.18. Cdu tao ciia ARN vén chuyén

Ghi chii : x biéu hién cho cdc bazo la hay céi bien.

- ARN van chuyén (ARN,) (hinh 7.18) chi€ém khoang 15% t6ng s6 ARN. ARN, van
chuyén aminoaxit da dugc hoat hod dén riboxom dé téng hop protein. Mdi aminoaxit
ducc van chuyén bdi mot s6 ARN,. Trong t€ bao c6 nhiéu ARN, khic nhau, & vi khuin
ciing ¢ 60 ARN, khac nhau, & t€ bao nhan thuc con nhiéu hon nita. Hién da xac dinh
duoc cau tric bac 1 ctia hon 70 ARN,. Tét ca cac ARN; c6 mot so dac diém chung

nhu sau :
+ La chudi don, chia khoang 70 dén 100 nucleotit. Khéi luong mol vao khoang 25 kDa.

+ C6 chita nhiéu bazo la, khoang 7-15 géc trong 1 phan tir. Phan 16n cdc bazo la nay
12 cdc dan xuat metyl hodc dimetyl cla cdg bazo A, U, G, X.

+ D4du 5’ ¢6 goc photphat, bazo G.

+ Pdu 3’ ¢6 doan XXA. Cic aminoaxit da dugc hoat hod két hop v6i nhém 3°- OH
cia AMP & dau 3.

+ Mot ntra trong s6 cdc nucleotit cap doi tao thanh cdc doan xoan kép trong do co

mot doan xoan kép tao ra mot déi ma (anticodon).
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- ARN riboxom (ARN,) chiém khoang 80% tong s6 ARN va c¢6 chimg 120-130
nucleotit. Riboxom khu trii & chat t& bao va that su 12 "nha mdy san xuat protein” cta &
bao. ARN, la thanh phan chu yéu clia riboxom, tham gia mot phan chat liéu cua riboxom,
tao diéu ki¢én c¢6 dinh dé dang cho cac ARN khac nhu ARN, vd ARN,, vao riboxom dé
thuc hién nhiém vu phién ma, nhan dang vi khuan trén ARN_, & vi tri mé dau cua qué
trinh phién ma. '

Nguyén tac vd qud trinh van hanh dé tong hop protein dugc mo hinh hod trén
hinh 7.19.

Cac aminoaxit

Chudi protein cla
cac aminoaxit

Riboxom

Hinh 7.19. M6 hinh téng hop protein

- ARN virut (ARN,) thay déi rat khac nhau va ham lugng rat it, chi dudi 1%.

Mot s6 virut dong vat va thuc vat mang chat liéu di truyén 1a ARN nhiéu hon la
ADN. Nhiéu ARN, & dong vat dac biét la vetrovirut dugc sao chép nhd mot enzim ADN
polimeraza phu thuoc ARN goi 1a enzim sao chép ngugc dé san xuit ra ban sao ADN hai
soi tir gen ARN cua chdng. Béan sao nay dugc chuyén vao vat chli va sau dé déng vai tro
l1a khuon mau dé biéu thi gen va dé sao chép céc gen méi cia ARN virut tir khuon
mau nay. '

102
http://tieulun.hopto.org



Chuong 8
CAC CHAT XUC TAC SINH HOC

PHAN MOT : ENZIM

8.1. DAI CUCONG VE ENZIM

Trong khong gian vo ciing nhd bé cia mot 1€ bao song, lic nao ciing ¢6 hang tram
phan ting hoa hoc xay ra. Su da dang va phuc tap nay doi hoi cdc qua trinh phan (ng phai
duoc diéu hoa tuan theo nhitng quy luat nhat dinh. Chat xic tdc sinh hoc dac biét c¢6 kha
nang gitt vai tro diéu hoa nay duge goi la enzim. Cic enzim c¢6 ¥ nghia quyé€t dinh lam
cho nhiéu phéan tng hoa sinh dugc xic ti€n véi tdc do ¢6 loi trong céc diéu kién sinh Ii.
Mot phan tng ma phai can nhiéu gir dé hoan tat khong thé 1a hitu ich dé thuc hién qua
trinh trao déi chat d6i véi mot vi khuan can tai tao trong vong 20 phuit.

Enzim dau tién duoc Kiecgop (Nga) phat hién vao dau thé ki XIX (1814). D6 la dich
chiét lda dai mach ndy mam c6 kha nang thuy phan duoc tinh bot. Dén nam 1833, Paien
va Pecxo da két tha duogc amylaza va sau d6 Bucne la nguoi da dat co s6 md dau cho
nghién cttu enzim. Tuy nhién, cling phai tinh tir dau thé ki XX tro di, enzim mdi dugc
nghién cttu manh mé. Cho dén nay nguoi ta da biét va phan loai dugc khoang 3500
enzim.

Enzim khong nhiing c6 thé xic tdc cho céc phan iing xdy ra trong hé théng song
(in-vivo) ma sau khi tdch khoi hé théng séng ching van c6 thé xic tdc cho cdc phan ing
ngoai t& bao (in-vitro). '

Mot vi du vé kha nang xdc tdc tuyét voi clia enzim :

Phan dng phan huy hidro peoxit :

2H,0, —» 2H,0 +0,

Maic diu phan tng nay rat thuan loi vé nhiét dong hoc song né rat cham, trir phi c6
xdc tac. Mot lo dung dich H,O, c6 thé dé hang thang khong bi phan huy, song chi cén
cho thém mot chit ion sat (I1I), vi du FeCl; chang han, sé thdy phan ung dién ra nhanh
hon 1000 1an. Con khi dung hemoglobin (phtc protein - Fe) 1am xdc tdc thi téc do phan
(tng phan huy ¢6 thé tang dén hang triéu lan. Thuc vay, néu nhé mot giot H,0O, vao ngén
tay dang chay maéu ta thdy bot khi oxi bay ra tic thoi. Con doi v6i catalaza, mot enzim
c6 trong rat nhiéu loai t€ bao lai ¢ thé tang téc do phan huy H,O, 1én dén 1 ti lan. Dicu
nay ¢6 y nghia vo cing quan trong vi trong t€ bao c6 mot s6 phan tng sinh ra H,O, - dé
12 mot chat oxi hod rat nguy hiém, cho nén catalaza dugc huy dong dé bao vé trude hién
tugng nay.

Su hi€u biét vé enzim c¢6 ¥y nghia thyc t€ rdt 16n. Enzim dugc dng dung trong nhiéu
linh vuc khéac nhau : y hoc, cong nghé hod hoc, cong nghé vi sinh vat, cong nghé thuc
pham va trong san xuat nong nghiép. Enzim thudng dugc sir dung theo cac hudng sau :
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+ Khong tach enzim khéi nguyén lieu ma chi tao dicu kién thuan loi cho hoat dong
clia mot hoac mot s6 enzim san ¢ trong nguyén liéu dé ching chuyén hod cdc chat ¢6
cung nguyén liéu ay theo huéng mong muon.

+ Téch enzim ra khoi nguyén liéu & dang ché pham dé st dung khi can thiét.

+ C6 dinh enzim trén céc chat mang khong tan dé st dung ching duge nhiéu lan lam
xlic tac cho phan tng hod hoc theo kiéu tién hanh lién tuc.

+ Thay d6i mot s6 gbc aminoaxit trong phan t enzim dé¢ lam thay déi tinh chat
enzim theo yéu cau su dung.

Hién nay, vi sinh vat dugc xem 1a nguén nguyén li¢u ¢6 nhiéu tinh vu viét cia nganh
cong nghé enzim vi ching c6 t6c d¢ sinh trudng phat trién nhanh trén cdc moi trudng
khong dat tién. Véi vi sinh vat, ngudi ta ciing c6 thé chu dong diéu khién qua trinh sinh
t6ng hop enzim va nang cao ham lugng enzim trong t€ bao cua chiing. Cdc qua trinh nay
ti€n hanh dé dang hon so vdi thuc vat va dong vat.

C6 thé dinh nghia enzim nhu sau : Enzim la chat xdc tdc sinh hoc. D6 1a cdc chat
protein ¢6 kha nang xdc tac dac hiéu cho cac phan dng hoa sinh hoc.

Tuy nhién, ngay nay ngudi ta con phat hién thay mot s6 hop chat séng khac mac dau
khong phai 1a protein nhung cling ¢6 kha nang xuc tac nhu cac enzim. Vi du, nam 1981
Tom R. Cech da phat hién dugc mot ARN c¢é hoat tinh xtdc tdc nhu enzim va goi la
ribozim. Chinh ribozim nay da xdc tdc cho qua trinh chuyén hod tién chat ARN thanh
ARN,,. V&i cong trinh nay 6ng da dugc nhan giai Nobel nam 1989. Hién nay ngudi ta da
biét khoang 100 ribozim.

8.2. CAU TAO PHAN TU CUA ENZIM
8.2.1. C4u tao tuong tu protein

Phan 16n enzim c6 ban chat la protein nén cau tao tuong tu protein nhung thudc loai
protein hinh cau. Phan tu lugng tuvong doi 16n, thuong tir 10000 dén 1000000 Da, vi du
phan tir lugng cua ribonucleaza 1a 12000 Da, cua ureaza 1a 483000 Da, con clia glutamat
dehidrogenaza la 1000000 Da. Cac yéu t6 gay bién tinh cho protein ciing 1am cho enzim
mat hoat tinh. Vi tinh chat xdc tac dac hiéu, cac enzim con c6 thanh phan va cdu tao tinh
vi phiic tap hon rat nhiéu so véi protein.

8.2.2. Thanh phin ciu tao ctia enzim

Enzim c6 thé dugc phan ra hai loai theo cdu tao hod hoc 1a enzim thuéan (den gian) va
enzim tap (phuc tap).

Enzim thuan chi bao gom mot thanh phén 1a nhitng phan tir protein don thudn, c6 thé
12 don phan néu ¢6 mot chudi protein hoac da phan néu ¢6 nhiéu chudi protein. San pham
khi thuy phan cac enzim thuan la cdc aminoaxit.
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Enzim tap con goi la holoenzim gém 2 thanh phan : phan protein goi la apoenzim hay
apoprotein va phan khong phai protein goi la coenzim. Phan apoenzim thé hién tinh chat
co ban cta enzim va tinh dac hiéu cao ciia enzim va lam tang hoat tinh xic tac clia
coenzim. Phan coenzim hay con goi 1a nhém ngoai, khi két hop véi apoenzim khac nhau
tao thanh cac holoenzim khac nhau, xic téc cho qua trinh chuyén hod cdc chét khdc nhau
nhung giong nhau vé kiéu phan tng. Coenzim quyét dinh ki€u phan ng ma enzim xic
tac, truc ti€p tham gia trong phan tng va lam tang do bén cla apoenzim do6i véi cdc yeu
16 gay bién tinh. Cac coenzim thudng la dan xuat cua cdc vitamin hoa tan trong nudc. Da
s0 cac enzim thudc loai hai thanh phan.

Mot s6 enzim thé hién hoat tinh xdc tdc mot cach doc lap, nguoc lai mot s6 enzim
muon hoat dong duoc can ¢é su phéi hop tac dong cla cdc y&u td bén ngoai goi 1a dong
y€u t6 (cofacto). Vi du, nhu céc ion kim loai Fe*, Mg2+, Mn?* hay Zn** hoac ¢6 khi lai
1a cdc phic chat cua cdc chét hitu co v6i cdc ion kim loai nay.

Ciéc ion kim loai c6 thé gil cdc vai tro sau :

- Tao lién két gilta enzim véi co chat (chat phan dng bi chuyén hod dudi tic dung xiic
tac cua enzim) hoac lién két gilta apoenzim véi coenzim.

- Tham gia vao qua trinh van chuyén dién ti.

- Giit cho phan tir enzim 6n dinh trong viéc két hop giita cac phan duédi don vi cua
phan tir protein.

8.2.3. Trung tim hoat dong cua enzim

Mai hoat dong xic tac clia enzim déu thong qua bo phan dic biét cia phan t enzim
goi 12 trung tam hoat dong cuia enzim.

- Trung tam hoat dong nay chi chi€m mot ti 1¢ thé tich twong d6i bé ctia phan tir enzim.
Tai trung tam nay c6 mot tap hop cdc nhém chitc do cdc phan tir aminoaxit c6 san trong
phan tir protein tao ra cling véi cac phan tir nu6c lién két va trong nhiéu trudng hop c6 ca
céc ion kim loai. Kh4 nang két hop gilta enzim véi co chat da lam long I¢o cic lién ket
clia co chat va chuyén huéng theo chiéu tao ra cc lién két mdi trong san pham phan img
bén viing hon.

Trung tam hoat dong c¢6 c&u hinh khong gian phiic tap dugc hinh thanh va gir vimg
nh& mang ludi lien két hidro tao ra gitta cdc nhém chiic trong phan tr protein cta enzim
bao gém ca ion kim loai va coenzim néu co.

Su tuong thich vé cdu hinh khong gian giita trung tam hoat dong va co chat cé thé
giong nhu chia khod tra vao 6 khod, nhu mo hinh Fischer dua ra vao nam 1894 (hinh
8.1a) hodac ciing c6 thé dugc hinh thanh mot caich mém déo chi xuét hién khi c6 qua trinh
tiép xtc gilta enzim véi co chat, nghia 14 ca enzim va co chat déu phai bi€n dang dé tuong
thich véi nhau nhu mé hinh Koshland dé xuat nam 1958 (hinh 8.1b).
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Phan
hoat +
doéng

Hinh 8.1a. M6 hinh khod va chia

Phan
hoat +
dong

Hinh 8.1b. M6 hinh bién dang dé tiwong thich

8.2.4. Trung tam dj lap thé

Ngoai trung tam hoat dong lam chiic nang xic tac, 6 enzim con moét s6 vi tri khac cé
thé tuong tac v6i cac chat khdc ¢6 tac dung diéu chinh hoat tinh clia enzim, goi la trung
tam alosteric (trung tam diéu hoa, trung tam di lap thé). Khi c¢6 su tdc dong cta y€u 16 di
lap thé vao trung tam di lap thé thi s& lam thay déi cau tric khong gian ctia phan t&r enzim
va dan dén kha nang thay doi hoat do clia enzim (hinh 8.2). Néu lam tang hoat do goi la
chat dicu hoa duong va ngugce lai goi 1a chat diéu hoa am. Su két hop cia cdc yéu t6 nay
mang tinh thuan nghich. Cac chat diéu hoa nay két hop vdi enzim nhung khong bi
chuyén hoa duéi tac dung clia enzim.

Trung tam hoat dong Trung tam Chat nén Yé&u t6

T .y i 1ap thé sau phan (m AN th
Chat nén trudc phan (ing dilap the au phan tng dilap the

Hinh 8.2. M6 hinh tac dung ciia yéu 16'di lap thé
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8.3. TINH PAC HIEU CUA ENZIM
8.3.1. Dic hiéu ki€u phin dng

Méi enzim chi c6 thé xiic téc cho mot trong cic kiéu phan ung chuyén hod nhat dinh
nhu phan iing oxi hod khi, chuyén vi, thuy phan,...

8.3.2. Pic hiéu co chat

Co chat hay chat nén la nhitng chét c6 kha nang két hop dugc vao trung tam hoat
dong cua enzim va bi chuyén hod dudi tic dung cua enzim. Cac enzim déu doi hoi
nhiing c4u tric nhat dinh cua co chat. Cac enzim déu c6 tinh dac hiéu lap thé déi voi co
chat. Méi enzim chi tac dung xic tac cho mot chat nhat dinh va hau nhu khong c6 tac
dung véi mot chat nao khéc. Tuy nhién, trong chiimg muc nao dé6 né c¢6 thé tac dung
véi nhitng chat nén c6 cdu tric gan tuong ty nhu cdu tric doi hoi nhung phan tng Xay
ra & mic do khong dang ké. Vi du, enzim ureaza c6 trong nudc tiéu chi ¢6 tac dung
thuy phan uré. Song ngudi ta nhan thdy enzim nay ciing c6 tic dung thuy phan doi véi
chdt ¢6 cau tric gin tuong ty uré, vi du hidroxiuré, nhung véi toc do chi bang 1% so
vGi toc do thuy phan uré.

8.4. TAC DUNG XUC TAC CUA ENZIM

8.4.1. Cudng d6 xuc tac dic hiéu rat cao
Enzim c6 kha nang xic tac rdt cao 1a nhd giam nang luong hoat hod thong qua su

dung nang luong lién két phiic chat giita enzim va co chat.

s_E,p

S +E«~& ES—->E + P

Enzim dugc xem 13 chat xic tdc 1i tudng. Nhd enzim, t6¢c do phan ing c6 thé tang 16i
10°-10” 14n v6i do dac hiéu rat cao.

Vidu: 1 gam o-amylaza c6 trong nuSc bot c6 kha nang thuy phan duoc 1 ta tinh bot
trong 1 gi®. Thuy phan saccarozo bang enzim c6 t6c do gap 2000 lan so v6i ding axit.

Pon vi hoat d¢ :

Néng do mol thyc ciia mot enzim trong dich chiét t€ bao hoac ch& pham sach rat it
khi dugc xdc dinh. Chi khi nao enzim & dang tinh thé sach, can can than va hoa tan trong
mot dung moi nhat dinh thi méi xdc dinh néng do mot cach chinh xac dugc. Vi vay, tong
enzim cé mat trong mot dung dich thudng duge thé hién qua don vi hoat do.

Nhin chung, c6 3 loai don vi dugc su dung 1a :
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a) Pon vi enzim quoc € (UI) la lugng enzim ¢6 kha nang xdc tac lam chuyén hod
dugc mot micromol co chat sau mot phit ¢ diéu kién thich hop cua enzim (nhiét do, pH,
hé dém).

1 UI = 1 mol co chat (10" mol)/phut

b) Katal (Kat) 1a lugng enzim c6 kha nang xtc tic 1am chuyén hoa dugc mot mol co

chat sau mot giay o diéu kién thich hgp clia enzim (nhiét do, pH, hé dém)
1 Kat = 1 mol co chat / giay

1 Ul = 816'10_6K'““ = 16,67 nKat (nanokatal)

c) Hoat do riéng ctia mot ché€ phdm enzim 1a s6 don vi Ul (hoac s6 don vi Katal) tng
véi mot miligam protein enzim néu 1a kho va mot mililit dung dich protein enzim (néu
la dich).

8.4.2. Co ché xtic tac cua enzim

- Giai doan th nhat : enzim két hop véi co chat bang lién két yéu tao thanh phiic
enzim-co chat (ES) khong bén. Phan ting nay xay ra rat nhanh va doi hoi nang lugng hoat
hod thap.

- Giai doan thit hai : x4y ra su bi€n déi co chat dan t6i su kéo cang va phd vd cic lién
két dong hoad tri trong phan tlr co chat.

- Giai doan thif ba : tao thanh san phdm, con enzim dugc giai phéng trd lai trang thai
tu do ban dau.

Vidu, co ché xic tdc cua chymotrypsin :

Chymotrypsin dugc téng hop & tuy tang, xtic tdc cho qua trinh thuy phan lién két
peptit clia protein thic an & ruét non. Enzim nay dugc goi 1 proteaza serin vi né khdc céc
proteaza khac & cho chi gom céc gdc serin va chinh cdc goc nay giit vai trd quyét dinh
trong qua trinh xtc tdc. M6i mdt loai proteaza thich hop véi viéc cat mach polipeptit &
mi€n cacboxyl clla mot aminoaxit nhat dinh. Vi dy, vé cdc mién cit ndy dugc néu ra
trong bang 8.1. Hinh 8.3 mo6 ta co ch€ xiic tac thuy phan clia enzim chymotrypsin v6i cau
triic ctia né gom cic goc Asp 102, His 57 va Ser 195 luon tu tap xung quanh céc diém
hoat dong la céc ving 16m, canh dé 1a mot héc ki nudc chita céc géc & phia ngoai ki nudc
nhu phenylalanin. Cdc protein ¢6 cdu tric tuong thich v6i ving 16m sé tao ra phic véi
enzim ¢ ving 16m nay va thay doi cdc lién két trong cdu tric ctia minh dé€ cho ra céc san
pham thuy phan.
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& Ser

: c P
%195_@12_0/. «—Cat mach
. NH

K

3. H' duoc chuyén dich
ti€p dén N va phi v&
lién két C - N cia chat

2. Ton H" duoc chuyén dich
tir Ser dén His. Chat nén
hinh thanh trang thai
chuyén tiép t¢ dién voi nén

1. Chat nén bi 1oi kéo vao
héc ki nuéce

enzim

Ser

Ser ] 195~CH2—?

195—CH, 0

4. Mot phan tr nude lién

5. Phan tir nudc chuyén

6. Phan peptit thi hai tién

két v6i enzim tai vi tri
polipeptit tach ra.

dich proton clia né dén
His 57 va OH dén phan
chat nén vdn dang lién
két v&i enzim. Lai mot
lan nira hinh thanh trang
théi chuyén ti€p ti dién

hanh phd v& lién két
axyl, proton dugc chuyén
dich tir His dén Ser va
enzim tré vé trang thdi
ban dau

Hinh 8.3. Co ché xiic tdc thuy phdn ciia enzim chymotrypsin
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BANG 8.1. MOT VAI ENZIM PROTEAZA

, - e _ _
Y
Lol
PauN ----—N—C—C—N—C—C ——-bauC
| l (.
H H I H H
N Enzim G6c uu tién Nguén
Trypsin R4 :Lys, Arg; Ry #Pro Tu hé tiéu hoa cla dong
vat va nhiéu nguodn khac
Chymotrypsin R4 : Tyr, Phe, Leu, lle, Val, Trp va Tuong tu nhu trypsin
His & pH cao
Ry # Pro
Pepsin Ry : Phe, Leu, nhiéu géc khac Tuong tu nhu trypsin nhung
R, # Pro han ché& & da day vi & d6
pH thap
Thrombin R4 Arg; Ry # Pro Tu mau
Papain R4 : Arg, Lys, Phe-X (Phe & bén T nhua du dd
canh gbc CO)
Bromelain R4 : Lys, Ala, Tyr, Gly TU qua dda
Termolysin Ry # Pro Tit vi khudn
R, : cac géc tuong ty nhu | Thermoproteolyticus
chymotrypsin
Subtilisin R4t it khac biét Tu cac truc khudn khac
nhau
Cacboxipeptidaza A Ry # Pro Tu hé tiéu hoa clia dong
R, : dau C clia aminoaxit vat

8.5. ZIMOGEN VA SU HOAT HOA ZIMOGEN

Zimogen hay proenzim con goi la tién chat enzim. Hau hét cc enzim duge tong hop
trong co thé déu thong qua giai doan ddu tién 1a nhitng tién chat khong c6 hoat tinh xiic
tdc) Nhitng tién chat nay bi bién doi bang qué trinh thuy phan lién két peptit loai bo di
nhitng dbz_m peptit ¢6 tic dung kim ham hoac che 14p trung tam hoat dong. Qué trinh
chuyén hoa zimogen thanh enzim goi 14 qua trinh hoat hoa zimogen. V{ du, & nguoi va
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dong vat ¢ vi cdc enzim thuy phan protein duge tong hop trong 6ng ticu hod dudi dang
zimogen la : pepsinogen, chymotrypsinogen, trypsinogen. Trong qud trinh hoat hod
pepsinogen da gidi phéng 5 chudi peptit ngan ¢6 khoi luong phan tlr 4000 va mot peptit
c6 khéi luong phan tir 3200 c6 tac dung tic ché hoat tinh cta enzim khi nd con két hop

vl enzim.

8.6. SU PHAN BO ENZIM TRONG TE BAO

Trong t& bao céc enzim & dang hoa tan hay gan chat vao mang cau tric € bao. Su cu
tri sip x€p enzim nhu vay 1am cho cac phan dng enzim cé tinh dinh hudéng, ph6i hop tac
dung véi nhau tao ra hé thong phan dng day chuyén lién tuc, nhip nhang an khop
véi nhau.

- Enzim trong nhan t€ bao : Nicotinic-mono nucleotit adenylyl Transferaza, 5’-
‘nucleotidaza, arginiaza, ATPaza va mot s6 enzim khac ton tai v6i mot luong rat nho.

- Enzim trong ti thé : 12 hdu hét cdc enzim c6 lién quan dén qua trinh chuyén hod
nang luong, hé théng enzim cta chubi ho hdp t€ bao, cta qué trinh photphoryl hoa
tao ATP.

- Enzim trong lysozom : gém nhiéu loai enzim thuy phan c6 tic dung phd huy nhicu
loai protein c6 phan tir lugng 16n nhu axit nucleic, protein, chat béo thanh nhiing phan t
nho hon ¢6 kha nang duoc chuyén hod dudi tac dung cta cdc enzim ti thé. Binh thuong
céc enzim nay duoc boc kin trong mang lipoprotein cta lysozom nén khong ¢6 tac dung
véi co chat trong bao tuong.

- Enzim trong riboxom : cdc enzim tham gia trong qua trinh tong hop protein.

- Enzim trong bao tuong : chifa rat nhiéu loai enzim cho qua trinh chuyén hoa duong,
protein va lipit.

8.7. TEN GOI VA PHAN LOAI

8.7.1. Tén goi cua enzim

Truée kia thudng goi mot cdch tuy tién, tuy theo cac tac gia phat hién ra né. Céc tén
goi quen dung nay van dugc dung nhu : pepsin, trypsin, chymotrypsin,...

Ten goi ddy du, chinh xdc theo quy udc quoc t€ 1a tén hé thong cua enzim dugc goi
theo tén co chat dac hiéu clia n6 cung véi tén cia loai phan tng ma nd xdc tac, cong them
dudi "aza". ‘

8.7.2. Phan loai

~ Hoi nghi Hod sinh qudc t€ (IUB) lan thir V nam 1962 théng nhat chia enzim thanh 6
16p, danh s6 thi ty tir 1 dén 6. Cac s6 thit ty nay 1a ¢6 dinh cho méi 16p :

1. Oxidoreductaza : enzim xuc tdc cho phan tng oxi hod-khir.

2. Transferaza : enzim xic tdc cho phan tng chuyén vi.
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3. Hidrolaza: enzim xic tac cho phan ung thuy phan.

4. Liaza : enzim xuc tdc cho phan ting loai mot nhom tir lién két doi hay thém mot
nhém vio lien két doi hoac cac phan img phan chia khac dan dén su sap xé&p lai dién .

5. Isomeraza : enzim x(c tac cho phan tng dong phan hod.

6. Ligaza : enzim xic tac cho phan tng trong dé 2 phan tir dugc ghép noi lai.

MGi 16p lai chia thanh nhiéu t6 va méi t6 lai chia thanh nhicu nhém. Sau nhom la thi
tu timg enzim tim dugc. Do d6 ki hiéu day di gom 5 phan : chif viet tat cua Uy ban enzim
EC (tiéng Anh) ké¢m theo 4 nhém chit s6 ki hiéu cho 1dp, 16, nhom va thi tu enzim dugc

tim ra. Bang 8.2 néu mot s6 vi du,  méi nhém enzim cung v6i phan ung cia enzim doé.

8.8. CAC YEU TG ANH HUONG PEN VAN TOC CUA PHAN UNG ENZIM

Phan tng do enzim xic tic phu thudc vao kha nhiéu yéu t6 : nong do enzim, nong do

co chdt, nhiét do, pH, hé dém, cuong do ion va cac chat hoat hod, cdc chat kim ham .

8.8.1. Anh hudng ctia ndng dé enzim

Trong diéu kién thira co chat, van t6¢ phan tng phu thudc tuyén tinh vao nong do
enzim :

v = k[E]
v : van toc phan tng ; [E] : nong do enzim

Tuy nhién, khi néng d¢ enzim qua 16n, thi van toc lai khong con tuyén tinh nita.

8.8.2. Anh hudng ctia néng dod co chit

Lan ddu tién vdo nam 1913 Michaelis va Menten da dua ra m6 hinh dong hoc giai
thich phéan tng dugc xdc tdc boi enzim va lap phuong trinh phan 4nh quan hé gitta van
t5¢ phan ting véi ndng do co chat S va enzim. Diém quan trong nhat clia mo hinh nay 1a
truéc khi phan dng xay ra cé su tao phic enzim-co chat ES. Phic nay sau do6 s¢€
bién déi ti€p va tao ra san phdm phan dng va gidi phdng lai enzim dé tiép tuc vong
phan ding méi :

k
E+S<.——k};—> ES—*2 5P + E (8.1)
-1

k., k |, k; 12 hang s6 t6c d6 phan ng tuong \ing véi téc do vy, v,, vs.
Van toc chuyén hod phac ES thanh san phdm P va enzim E :
V= k,ES] (8.2)

s& quyét dinh mitc d6 phan ing chuyén hod S —> P. Trong thuc 1€ van téc nay phu thudc
vao nong do ES, nong do ES cang cao, thi van téc cang 16n.
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BANG 8.2. CAC Vi DU VE MOI LOP CHU YEU CUA ENZIM

Lap Vi ?U Phan (ing xuc tac
(loai phan Ung)
1. Ancol
Oxido - dehidrogenaza NAD* NADH + H* o
Vs
Reductaza (EC 1.1.1.1) CH,CH,OH - CH,y — C\
(oxi hoa véi NAD") H
Etanol Axetandehit
2. Hexokinaza
Transferaza | (EC 2.7.1.2) CH,OH . CHZOPO32'
(photphoryl hod) o OH ATP - ADP O OH
OH _;4, OH.
OH OH
OH OH
D-Glucoza D-Gluco-6-photphat
3. Cacboxi- (phéa v lién két peptit)
Hidrolaza Peptidaza A
(EC 3.4.17.1)
'Tn-1 ﬁ O an 1 |Rn
-—N— (I:———C—T_C COO~ S —fil (|3 COO™ + H3N— C—CO00O~
l
H H - H H H H H
Pau C cla Polipeptit Polipeptit ngén lai ~ Dau C goc méi
4. Piruvat )
Liaza decacboxylaza 0 ﬁ
- —C—CHy + H' —C—
(EC 4.1.1.1) ooc 3t MLm= 00, v HECTER,
decacboxyl hoa Piruvat Axetandehit
5. Maleat
Isomeraza Isomeraza
“00C CO0O~ 00C /H
(EC 5.2.1.1) 7 - c=c
C=C I 00"
(cis-trans H H H C
isome hoa)
Maleat Fumarat

- 15.CSHOA SINH.A
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6. |Prwat  Cacboxylhea
Ligaza Cacboxylaza
(EC6.4.1.1)
ATP ' ADP + P
I K / ]
”OOC*y;ﬁCH3 + CO, —- 'OOC—‘(';-—CHS — COO~
Piruvat Oxaloaxetat

Gia sir |E,] 1a nong do enzim ban dau, [ES] 1a nong do phic enzim-co chat, [E] 1a
nong do enzim tu do khi dat trang thai can bang. Ta c6 [E] = [E] - [ES]. Coi [S] la nong
do co chit ban dau va ciing dugc xem 12 néng do co chdt ¢ trang thdi can bang cua phan
Gng, vi trong thuc t€ néng do co chat luon 16n gap nhiéu lan so véi enzim. Trong nghién
ctru dong hoc, ngudi ta thuong chi quan tam xéc dinh toc do phan Gng ban déu, khi lugng
co chat bj chuyén hod chua ddng ké so vdi néng do ban dau cua né. Tu phuong trinh (8.1)
taco:

- Van téc tao thanh phan tng phic ES 1a : k ([Eg] - [ES]).[S]

- Van t6c phan li phic ES Ia téng cta 2 phan tng : ES phan li thanh E va S véi hang
s0 toc do k |, va ES phan li thanh P va E véi hang s6 t6¢ do k,. Do d6 van toc phan li
phitc ES 1a (k _,+k »,[ES].

Khi h¢ théng phan tng dat can bang nghia la van t6c tao thanh ES bang van t6c phan
li cua no, ta ¢o :

Ky ((E, ] - [EDIS] = (k| + ky)[ES] (8.3)
Goi hang s6 Michaelic-Menten la K, = 5;1__“:_1(,2_ va thay vao phuong trinh (8.3),
1
tacd:
. [S]
ES] = — 8.
[ES] S+ K. (8.4)
Thay [ES] vao phuong trinh (8.2) s€ ¢ :
[S]
V. =k[E, ] 5——
o = klE,] K+ (5] (8.5)

Nhu da dé cap o trén, ES cang I6n thi van téc phan dng cang 16n. Do vay, khi nong
do co chat du 16n dé tat ca céc phan tir enzim tham gia phan tng déu tao phiic véi S, ta ¢6
[ES] = [E,] va theo i thuyét khi d6 phan Gng s€ dat van t6c cuc dai Vi, = k,|E ]. Tur do6
c6 thé thiét lap can bang sau : :

VO ~ Vmax AR‘,,_,#‘Q._,‘., (86)
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Phuong trinh (8.6) duge goi 1a phuong trinh Michaclis-Menten phan dnh mot tuong
quan dinh luong giita t6c do ban dau cla phan tng V,, t6c do 161 da V ,, nong do co

chat ban dau-[S] va hiang s6 K.
Voo
Theo phuong trinh nay, khi V, = Mr%‘* taco k, = [S].
Hinh 8.4 13 d6 thi biéu dién anh hudng cla néng do co chat dat dén van t6¢ phan tng

cuc dai theo phuong trinh (8.6).

Do nghiéng = K, /Vjax
1V,
(1/uM/phut)

V, V=V
(uM/phut) J o mex

112V o
/ \ 1 /Vmax

/\\
Km [S] (mM) -1/K,, 1/[S] (mM)
Hinh 84. Puong biéu dién si phu thudc cua van Hinh 8.5. Duwcong biéu dién sit phu thuge ciia nghich
16¢ phen ting enzim vao nong do co chat ddo van toc phdn ting enzim vao nghich ddo nong d¢
co chdt

Tir phuong trinh (8.6), ta ¢6 thé xét 3 trudng hop sau :
N [S] << Ky thi Vg = Vi o

m
Diéu nay c6 nghia la & néng do co chat thap, V,, phu thudc tuyén tinh vao S.
-Néu [S] >> K thi Vg, = Vi
Piéu ndy ¢6 nghia 1a van t6c phan ung dat cuc dai khong phu thugc S, néu S da du
16n dén mitc nao dé va néu tiép tuc tang [S] thi V cling khong tang theo.
\Y%

-Néu [S] =K, thi V,, =~

Piédu niy c6 nghia 12 K, bang nong do co chat tai d6 téc do phan ing bang mot nira
t6c do cuc dai. Do d6 tri s8 ctia K cling dugc bicu dién bang don vi do nong do co chat :
mol hoac gam, %. D6i v6i phan 16n cdc enzim da duge nghién ciu, trl s6 K, vao khoang
10" dén 10, Dua vao K, dé danh gia 4i luc giita enzim va co chat. K, 16n, 4i luc gitta E
va S thap va ngugc lai. O nhimg diéu kién hoan toan xac dinh vé nhiét do, pH,... K, cua
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mol enzim doi véi mot co chat 1a hang 6. Néu enzim c6 thé tac dung véi cdc co chat
khac nhau thi K, ¢6 thé khdc nhau tuy theo co chat. Do vay, xdc dinh tri s6 K, coy
nghia quan trong trong nghién cttu enzim.
~ Pé thuan tién cho viéc xdc dinh K, va V phuong phdp Lineweaver va Burk (1934)
da thay déi cach biéu dién bing cach 14y s6 nghich dao clia ca 2 v€ phuong trinh (8.6) dé
chuyén vé ham s6 bac nhat ¢6 dang y = ax + b (d6 thi s& ¢ dang dudng thang) :

1 K, 1 1

AT

O maXx

(8.7)
max

Hinh 8.5 & trén 13 d6 thi biu dién anh hudng cta nghich ddo néng do co chat dén
nghich ddo van t6c¢ phan ing theo phuong trinh (8.7). ’

D&i v6i cac enzim alosteric, dudong biéu dién su phu thuoc cua van toc phan ting vao
néng do co chat khong c¢6 dang hypecbol nhu hinh 8.4 ma c6 hinh dang cht "S”
(sigmoid) Diéu ndy c6 nghia la dong hoc xdc tac cla da s6 enzim diéu hoa khong tuéan
theo phuong trinh Michaelis-Menten. ‘

8.8.3. Anh hudng ctia nhiét d6 va pH 1én hoat tinh enzim

Gia tri K xtc tac cua tuyét dai da s6 enzim déu tang khi nhiét do ciia moi truong ti€n
hanh phan tng tang. Nhung chi tang dén mot gid tri nao do6, r6i toc do phan ng khong
tang nita va bat dau giam khi nhiét do ti€p tuc tang. Nhiét do khi d6 enzim dat gia tri hoat
tinh xic tac cuc dai duoc goi 1a nhiét do t6i vu clia enzim. M6i enzim ¢6 mot nhiét do toi
uu riéng. Téc do phan ng xic tac clia enzim trong gidi han nhiét do cho phép, phan tng
ciing tuan theo quy luat Van’t Hoff gia tang khoang 2 lan khi nhiét do tang lén 10°C.

Cl"mg nhu protein, enzim thuong chi 6n dinh & khoang gia tri pH nhat dinh, cdc gid tri
pH nam ngoai khoang gid tri nay thuorng dan dén su thay doi cau truc khong gian, gy
bién tinh va lam giam hoat tinh xic tic. O gia tri pH 6n dinh cdc gia tri K xdc tac va K,
cling déu phu thuoc vao pH. pH dugc goi 12 16i wu khi & d6 anh huéng ctia pH doi voi
enzim manh hon so véi co chat. Méi enzim ¢6 mot pH 161 vu riéng. Vi du pH t6i uu cia
chymotrypsin 1a 8, con cua trypsin la 2.

8.8.4. Anh hudng cua cac chat kich hoat (activator)

Cac chat kich hoat gép phan lam tang hoat do xuc tac cua enzim. Ban chat hoa hoc
cta ching khdc nhau, cé thé 1a céac anion, cdc ion kim loai hodc céc chat hitu co. Cic chat
nay thudng két hop truc ti€p v6i phan tir enzim 1am thay déi cdu tao khong gian clia né
theo hudng c6 lgi cho hoat d6 xuc tac, vi du tac dung cua anion clo, brom, i6t dén hoat
do cla a-amylaza dong vat ; tdc dung ciia mot s6 ion kim loai nhu Mn**, Zn**,... dsi véi
hoat do cua cac proteaza. Tuy nhién, tdc dung kich hoat cling chi giéi han & nhitng nong
do nhat dinh, néu vuot qua gidi han thi tac dung s& nguoc lai.

8.8.5. Anh hudng ctia cac chat itc ché (inhibitor)

Song song v6i su ton tai cia cdc enzim thi cling ¢ mat rat nhiéu cdc chat dc ché
nhdm muc dich diéu hoa. Mot vi du vé chat dc ch€ dang duoc sit dung lam thudc chita
bénh nhu aspirin (axetyl salixylat) c¢6 tdc dung tc ch€ enzim xdc tdc giai doan dau tong
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hop prostagalandin 12 chat lien quan dén phan Gng gay cam gidc dau. Su hicu biet vé cdc
chat e ché enzim cho biét nhitng thong tin ¢6 gid tri vé co ché hoat dong cua enzim cung
nhu xdc dinh céc con duong chuyén hod trao déi chat. Ngudi ta chia cdc chat e che
enzim ra 1am 2 nhém : Gc ché thuan nghich va e ché khong thuan nghich.

8.8.5.1. Nhom itc ché thudn nghich

Nhém nay lai chia thanh 3 nhém phu : ‘

- Nhém tic ché canh tranh thé hién su dc ch€ bang cdch canh tranh tam xuc tac enzim
v6i co chat. Chat dce ché canh tranh ¢6 cau tric gan gidng co chat nén né tao phic vai
enzim EI ngan can viéc tao phic ES. Vi vay, n€u giam nong do chat e ché va tang nong
do co chat S dén miic du 16n thi s& van dat gid tri V. dac trung cua enzim. Nhu vay, ¢o
thé thay tc ch€ canh tranh khong anh hudng dén gia tri V.. Tuy nhién, do [S] 0 thoi
diém V, = 1/2V . gia tang nén K gia tang khi c6 mat I.

- Nhém tie ché khong canh tranh thé hién bang cdch gan lén vi tri gan tam hoat dong
enzim nhung khong ngan can co chat gan lén tam hoat dong. Chét ¢ ché nay gan ca lén
enzim ¢ trang théi tu do ciing nhu ¢ trang thai phitc ES nén gy ra sy gidm hoat tinh cta
enzim, giam V.. nhung khong gidm K, cla enzim.

- Nhém tic ché khong canh tranh c6 diéu kién thé hién bang cach chi gan lén enzim
khi enzim tao phiic ES, con trang thai tu do cua enzim thi khong.

_ Hinh 8.6 12 d6 thi biéu dién tc ché canh tranh. Trong hinh nay khi cé mat chat c
ché canh tranh thi tuong ting v6i mbi néng do chat G ché s& ¢6 mot dudng thang bicu
dién do nghiéng khdc nhau. T4t ca ching déu cat truc tung & vi tri 1/V,,,, c6 nghia la
trong trudng hop tic ché canh tranh V. khong thay doi. Tuy nhién, K, cta ching lai
thay déi vi chiing cét truc hoanh & cdc vi tri khac nhau. Hinh 8.7 la do6 thi bieu dién tc
ché khong canh tranh. Trong trudong hop nay cdc chat tc ché khong canh tranh lam thay
ddi gia tri V,,, ma khong lam thay doi gid tri K.

1 W 1
Vo —\'/—O
(1] (1]
Khéng (ic ché .
« Khéng Uc ché
A pia K
Do nghieng = -2 Do nghiéng = o2
. '\_ 1 ) Vimax / ) N9 9 Vimax
Vmax o i N
1/[S] (mM) UK 1/[S] (mM)
Hinh 8.6. Anh huong ciia néng dé co chat lén téc do Hinh 8.7. Anh hwong ctia nong dé co chdt lén 1oc do
phdn ting khi ¢6 chdt iic ché'(I) canh tranh phdn ttng khi ¢é chdt iic ché' (1) khéng canh ranh
117

http://tieulun.hopto.org



8.8.5.2. Nhom itc ché khiong thudn nghich

Nhém cdc chat nay tc ché enzim bang cédch tao lién két hod tri v6i enzim. Cac chat
nay la phuong tién rat 16t dé nghién ctu co ché hoat dong cta enzim. Trong thuc (€, cdc
aminoaxit tham gia vao tam hoat dong cnzim da duge xdc dinh nho lién két hoa tri tao ra
gilta enzim va chat @c ché khong thuan nghich. Vi du, nho chat c ché khong thuan
nghich Diisopropyl fluophotphat (DFP) dac hiéu do6i véi chymotrypsin nguodi ta da xdc
dinh dugc goc Ser 19 ¢6 mat trong tam hoat dong cta enzim nay (hinh 8.8).

HY F~
" CH3 Cl) /CHG
ENZIM—CH,~—OH + F—P—0— CH ‘l ENZlM——CHZ——o———P—o—CQ
Io “CH, ~ (ID CH,
Ser 195 [ Phiic El |
N ' cH
CHy CH, CH3/ \CH3

Hinh 8.8. Phan iing khéng thudn nghich gifta Ser 195 ciia chymotrypsin va DFP

Trong nhém tc ché khong thuan nghich con ¢é moét s6 chat tc ché kha dac biét. Binh
thudng chung khong hoat dong va chi bat dau hoat dong khi c¢6 lién két hoa tri véi tam
hoat dong va lam mat hoan toan hoat tinh cua enzim. Trong thuc t€ mot s6 thudc chia
bénh hoat dong theo co ché nay da dugc st dung rat ¢6 hiéu qua dé diéu tri mot s6 bénh
nan y. Bang 8.3 1a mot s6 chat ac ché khong thuan nghich.

BANG 8.3. MOT SO CHAT UC CHE KHONG THUAN NGHICH

Tén chat . ) ) o
. . Coéng thurc Nguén Céch tac dung
Uc ché
Xianua CN’ : vi dang Phan (ng Vvdi
‘ cay hanh enzim ion kim
(almond) loai(Fe,Zn,Cu)
Diisopropy! Téng hap Uc ché cac enzim
Fluo- }|: : serin bao gém ca
CH3),CH — O —pP—0 —CH(CH
Photphat (CHs)a hD (CHy) axetyl
cholineteraza
(DFP) °
Sarin Téng hgp nhu DFP
|
(CH3),CH— O——IIT—CH3
0]
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Tén chat

. . y Nguén Cach tac dun
e ché Cobng thuc g Ung
N-Tosyl-L- Téng hop Phan (ng Vvdi
phenyl- 0 His 57 cla
alaninclo- @—-CHQ—CH _(HI—CHz —C Chymotrypsin
|
Metylxeton NH
(TPCK) |
O=ﬁ CH;
@]
Physostigmin Hat calabar Hinh thanh dan
(") CHy xuat axyl Vi
CH;—NH—C—0 axetyl
cholinesteraza va
N N mét s6 enzim
| | ;
CHy  CH, khac
Parathion Téng hop Uc ché
IS (thubc trir | cholinesteraza
I .
cszo—llD— 0 —@— NO, sau)
C,Hs0
Penixilin TU loai ndm | Uc ché cac enzim
“ penicillium duodc téng hop &
R—C=0 . N .
| thanh té bao vi
NH 1
I /S\ C/CH3 khuén
ch—c|:H ~CH,
0=C—N—CH—COO

ag 12 nhitng nhom khéc nhau phén biét cac loai penixilin khac nhau.

PHAN HAI : COENZIM, VITAMIN
VA MOT SO KIM LOAI CAN THIET

Su phtc tap vé cdu triic protein cia enzim da dan dén su hinh thanh nhi¢u kiéu xic
tadc khdc nhau. C6 nhiing enzim khi xdc tdc cdn su hd tr¢g ciia mot phan to nho hoac mot
ion dé¢ tién hanh phan tmg. Cac phan tir lién két v6i enzim ¢6 muc dich nhu trén duoc goi
la cdc coenzim. Cing nhu enzim, cdc coenzim khong bi bién d6i khong thuan nghich

trong qua trinh phan tng.
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8.9. COENZIM VA CO CHE HOAT PONG

Cau tric cua mot $6 coenzim quan trong nhat duge dan ra trong bang 8.4. Mdi loai
- coenzim ¢6 mot chic nang hod hoc rieng biét nhung chii yéu 1 cdc tdc nhan oxi hod-khir
va van chuyén. Sy oxi hod-khir ciing la qud trinh van chuyén dién tit. Vi vay, ciing c6 thé
Xem at ca coenzim déu mang chic nang van chuyén. S6 luong cac coenzim quan trong
khong nhiéu, song moi mot trong $6 nay lai ¢6 thé két hop v6i nhiéu enzim khac nhau va
troé nén da dang hon.

Sau day la Vi du vé coenzim Nicotinamit Adenin Dinucleotit (NAD)

H O o)
I H H
H H
= ~ ~
NH
l 2 + 2e + H* _— ’ I NH;
X+
H ll\l H H N H
|
R R
NAD* : NADH

R : Adenozindiphotphat

Trén bang 8.4 cho thay phéan tir nay c6 2 phan chinh 1a phan adenozin diphotphat lién
két qua mot ribozo véi phan nicotinamit. Phan thit hai nay 1a "d4u 1am viéc" cia NAD™ vi
vong nicotinamit ¢6 kha nang hoan nguyén nhanh va do dé cé tac dung nhu la mot tac
nhan oxi hoa.

Phan ung tiéu biéu trong d6 NAD tic dong nhu mot tidc nhan oxi hod la su chuyen
déi ancol thanh andehit hay xeton.

H
| 20
CH3——?—OH _ CH;—CZl_ + 2 + 2H'
H
H
NAD” + 2e + H _— NADH
+ — . 4 +
CH;CH,OH  +  NAD = c:|—|3—C\H + H" + NADH
Etanol Axetahdehit

120
http://tieulun.hopto.org



BANG 8.4. MOT VAI COENZIM QUAN TRONG

Ten Cautrie Chuc nang Vitamin
Coenzim chu yéu cb quan hé
Phan (ng oxi | Nicotinamit
\ ’ 7
Nicotinamit CONH, hoa-khu (Niaxin,
Adenozin 0 CH, Kl/ Vitamin B5
Dinucleotit O=!|3—~O’ © PP, antipe-
(NAD) | lagric)
7
OH OH
0=p—0 NHa
0 CH, N Y
¢
p
N N
0]
OH OH
Phan ing Riboflavin
Flavin Adenin oxi hoa-khur Vitamin B12
BDinucleotit
(FAD) NH,
N X
N
0 )
CH, _
| N N
o=p—0"
0]
|
0=p—0" o
H H H
o O O
CH,—— C—C—C—CH, O
H H H
N NN
~
HyC— 7 Cc=0
3 /v\l[ I A
H,C— =
3 AN N c”
, Il
O
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Tén CAau trac Chlrc nang Vitamin
Coenzim chu yéu co quan hé
. . O 5 , . .
Thiamin | phan Ung | Thiamin
Pirophotphat O=T_Of chuyén nhém | vitamin B1
Coenzim A Phan ing van  Pantotenic
2 .
chuyén axyl  axit Vitamin B3
NH,
N X
I
O—CH
2 N N/
O"—-l|3=O o)
0 O H CHy O
Yo o oy b b L o=
/ z 2 H | | CH; [ o OH OH
AN H CH on L
CH,—— CH,—SH s OZF"““O
o
Biotin Phan Ung Biotin
cacboxyl hoa Vitamin H
O
g
Hll\l/ \TH
Vi I
H3C\ /C\ {CH,),C—LYZIN TREN PROTEIN
S H
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Piridoxan photphat ‘ Chuyén vi | Pyridoxan

Ho o nhom, dac biét | vitamin B6
I la chuyén vi

—pP—0" , .
HO = CH0 | nhém amin
o
- ’
H4C N

8.10. VITAMIN

Vitamin la cac phan tir hitu co rat quan trong ddi véi cac qué trinh sinh hoc cua dong
vat cao cap nhung co thé lai khong thé tu tdng hgp dugc va phai tiép nhan tir nguén thic
an. Nhitng sinh vat, vi du nhu E.coli khong cé nhu cdu vitamin, ching ¢6 thé s6ng nho
vao glucozo va mot it mudi vo co. Nguoc lai, con ngudi cin ti€p nhan hon chuc loai chat
hitu co dac biét va s& phdi chiu nhitng hoi ching nghiém trong néu nhu khau phan cta ho
thi€u hut mot hoac nhiéu chat do. ‘

Vitamin dugc chia thanh 2 nhém chinh : vitamin tan trong nudc va vitamin tan trong lipit.
Ngoai ra con ¢6 mot nhém chat giong vitamin cling ¢6 chiic nang hoat dong sinh i nhu
vitamin, vi du nhu cholin, inozitol,... nhung nhiing chat nay khong dugc coi 1 vitamin, vi co
theé dong vat van c6 kha nang téng hop duoc véi mot s6 luong han ché (bang 8.5).

Cic vitamin tan trong nuéc tic dung theo ki€u tao ra cic coenzim (bang 8.4). Cic
vitamin tan trong chat béo lai tdc dung theo nhi€u co ché khac nhau. Vi du nhu thanh
phén cau tao nén hé hoocmon, ¢6 dinh cic géoc tu do,... C6 1€ ciing vi co ché tdc dung nay
ma lugng vitamin co thé can dung hing ngay khong nhiéu.

BANG 8.5. CAC VITAMIN VA CAC CHAT GIONG VITAMIN

Nhu cau

Ki hiéu Tén goi tr binh
e n o Chitc néing 1ng bint
vitamin hoa hoc mot nguci
1 ngay dém

Cac vitamin tan trong nudc

La tién chat tao coenzim tiamin piro-
B1 Thiamin ‘ photphat, thiéu sé gay bénh té phu, anh
hudng dén qua trinh trac ddi' gluxit, tiéu | 1,5 — 3 mg
hoa, than kinh va tim mach

B2 Riboflavin _ | Tao coenzim FMN va FAD, thiéu s& anh | 2-25mg
hudng dén su phat trién cd thé

B3 Axit pantotenic = - La tién chét cla coenzim A (CoA) thiusé | 7-10mg
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B5(PP)

B6

B8 (H)

B9(Bc)
(M)

B12

B13

B15

Bt

Axit nicotinic (Niaxin)

Piridoxim

Biotin

Axit folic
axit pteroyl monogiutamic

Xianocobalamin

Axit ortic

Axit pangamic

Cérnitin

Axit ascorbic

Rutin (bioflavo-noit)

lam viém da
Tao coenzim NAD va NADH, thiéu sé dan

dén bénh sung mang da day, sui da.

La tién chat cla piridoxanphotphat, la
coenzim xuc tac qua trinh chuyén hoa
aminoaxit, thiéu s& dan dén bénh viém da,

than kinh, sut ¢can, rung léng téc.

Tién chéat cla coenzim bioxitin, xuc tac cho

cac phan Ung cacboxyl hoa thiéu sé gay |

viém da, rung téc, ...

Tién chat cla coenzim axit tetrahidrofolic,

thi€u sé gay bénh thi€u mau

Tién chat cla coenzim deoxiadenozylcobal

amin, thiéu sé gay bénh thi€u mau ac tinh

La tién chat dé tdng hop nén cac hop chat

tao nucleozit

La tién chat dé téng hop coenzim xuc tac
cho qua trinh oxi hoa, tham gia vao céac

phan Gng metyl hoa

Tac dung van chuyén nhém axit béo

La dong chat trong phan (ng hidroxyl hoa
prolin clia colagen, thi€u s& xuét hién bénh
scorbut (chay mau Igi rang, cac 16 chan
I6ng ho&c cac néi quan)

Tham gia cac phan (ng oxi hoa khi, lién
quan chat ché vdi tac dung clia vitamin C)
Do c6 c8u tric phenol nén c¢b tac dung Uc
ché hoat tinh cha enzim

15-25mg

1,5-2,8mg

0,01 mg

2mg

0,001mg

1 mg

50-100 mg

50 mg
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Két hop voi protein opxin tao sic t§ cla
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D Canxipherol

E Tocopherol

K Philogquinon

F Phirc hgp cac axit béo
khéng no

Q Ubiquinon
Inozitol
Cholin

Tham gia diéu hoa Ca va P, thiéu sé& gay
ra bénh coi xuong & tré em va nhuyén
xuong 8 ngudi I6n

La yéu té chéng vo sinh va chong oxi hoa,

cd thé bi thidu vitamin E s& dan tdi thay ddi
nhiéu chic nang khac nhau

Can cho qua trinh sinh tdng hgp cac yéu to
lam dong mau

.Tac dung diéu hoa qua trinh trao ddi lipit,

tao diéu kién cho cholesterol hoa tan va
loai ching khdi cd thé (nudi da, tiéu md)
thiéu s& gay cham 18n, sut can, khd da,
rung 1ong, téc (day la vitamin lam tré ngudi)

Tham gia van chuyén electron & ti thé
Vong quinon ¢6 tac dung van chuyén hidro

Cac chéat gidng vitamin

Chat dan truyén tac dong hoocmon

Ngan can hién tugng md hoa & gan,
nhudng nhom CH3

10-25 pg

0,2-0,3mg

1000 mg

1gam

250-600mg

8.11. CAC CHAT KHANG VITAMIN (ANTIVITAMIN)

P6 13 cdc chat lam mat hoat tinh sinh hoc cla vitamin va cé tac dung chong lai

chiing. Cdc chat nay gy ra cac bénh thi€u vitamin & nguoi, dong vat va thuc vat ciing

nhu vi sinh vat. Cau tao hoa hoc cta ching gan giong véi vitamin tuong tng. Vi du, mot

chat ¢6 tinh chat khdng vitamin cla axit nicotinic 1a axit piridin-3-sunfonic :

Z ’ COOH : = SO3H

X
N

Axit nicotinic (vitamin BS hay PP)

s
N

Axit piridin-3-sunfonic

Khi lot vio co thé séng, vi khong c6 hoat tinh vitamin nén ching tao ra cac hé enzim

hoan toan khong hoat dong. Diéu nay mot 1an nita da ching minh cho khé nang tao cac

- coenzim cta vitamin. Tuy nhién, két quéa nady rat ¢6 y nghia trong Y hoc v6i kha nang

chita c4ac bénh do nguyén nhan nhiém tring gay ra.
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8.12. ION KIM LOAI TRONG ENZIM

Nhi¢u enzim chda cdc ion kim loai dugc tao ra bdi cac lien két phoi tri coa cac
aminoaxit mach bén, song ciing ¢6 thé dugc tao ra theo kiéu nhan hem. Cac ion tac dong
gan giong nhu cic coenzim. Vai trd da dang cla cac ion kim loai duoc néu ra trong

bang 8.6.

BANG 8.6. MOT SO KIM LOAI THE HIEN NHU COENZIM

Tén .
, _ Vi du vé enzim Vai tro cla kim loai
kim loai ‘
Fe Xitocrom oxidaza Oxi hoa khtr
Cu Axit ascocbic oxidaza Oxi hoa kh(
Zn Ancol dehidrogenaza Hb trg lién két NAD"
Mn Histidin amoni-lyaza Cung cap cac electron
Co Glutamat mutaza La mét phan clia enzim cobalamin
Ni Ureaza Gilr vi tri xtc tac
Mo Xantin oxidaza Oxi hoa khtr ?
) Nitrat reductaza Oxi hoa kh(r ?
Se Glutathion peroxidaza Thay thé S cla cystein
]
/
CH;  CH==CH,
— -
chl: o _/==CH
HsC AN )z—— CH,
N——Fe—N
“ODC— CH, CHy, ” rlxj %"*‘CH ==CH,
HC—¢”  N—CH |
—OOC—'—CH2—" CH2 CH3
Hinh 8.9. Cdu triic ciia Ferroprotoporphyrin (Hem)
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Pau ky nudc

Enzim OH
His 69
Ve
N~ N—1
His 196 ~\_N.. "o Arg 145
~~~~~ s rg
~7Zndt ~.~~.\ HC — C\ =,\ /
," ~~~~~ o // H O"'H
- :' H %C/N .
T >o — | S0—Tyr >
s ALC=0 WO AT 248 Cac7boxyl ddu C
, / Rot cua cg chat
R c=0 polypeptit
Phan ti nudc | tuong tac vdi
di vao Rne—(—H Arg 145
rlle
C=0 Cdgchat
H _CH
Ox /N/ N
N C Rn 3
/
Ryq— C(i
NH
/

Hinh 8.10. Vi tri hoat dong cita enzim cacboxipeptidaza A

Té4c dung cua ion kim loai trong enzim c6 thé thdy rat rd & enzim catalaza chita hem-
Fe nhu da néi & phan md ddu vé tdc dung phan huy H,0, trong co thé nhanh gdp hang
triéu 1an so v6i sy phan huy H,0, néu chi ¢6 ion Fe®* 1am xiic tac. Hinh 8.9 13 cau tric
"+ phitc ctia protopocphyrin IX véi st hod tri 2 goi 1a Ferroprotoporphyrin (Hem) la thanh
phan cua hemoglobin.

Co ché tac dung cha ion kim loai (hinh 8.10). O day ion Zn tham gia 6n dinh cic
trang théi trung gian dé thuy phan theo cich gan giong nhu serin trong chymotrypsin
(xem hinh 8.3 dé so sdnh).

Trong nhiéu phan tng enzim khdc, céc ion kim loai déu gép phé4n lam tang hig¢u qua
xtdc tadc song khong phai ldc nao cac ion kim loai nay ciing tao lién két véi protein hoac
dong vai tro truc ti€p trong qud trinh xdc tdc. Vi du, khi ¢6 mat ion Mg, phitc Mg-ATP
dugc tao ra va hoat dong tot hon riéng mot minh ATP.
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Chuong 9
HOOCMON

9.1. PAI CUONG VE HOOCMON

Céc hoat démg dién ra trong co thé song rat tinh vi va phitc tap. Hai hé théng c6 chiic
nang di€u hoa quan trong cac hoat dong nay la hé thong noi ti€t va he théng than kinh
(chi c6 & dong vat). Hoocmon la cdc chat truyén tin duge tao ra & mot s8 vi tri trong co
thé va dugc truyén di khip noi trong co thé. Hoocmon la céc steroit, protein, aminoaxit
hay amin va mot s6 hop chét khac. M6i hoocmon di€u hoa hoat dong ctia mot sé co quan
goi la co quan (1€ bao) dich. Co quan nay phan tmg mot cach rat dac hiéu, trong khi cac
co quan khic khong hé bi anh hudng.

Ham lugng hoocmon trong co thé rat thap, vi du & dong vat chi cé khoing 102
10" mol/mg protein cta mo. Khi hoat dong, hoocmon ciing chi cdn néng do rat thap.

O nguoi va dong vat, hoocmon dugc ti€t truc 1i€p vao mau, mdu van chuyén hoocmon
dén mo chiu tac dung. O thuc vat, hoocmon dugc van chuyén trong mé dan.

C6 thé tém tat céc cach tac dung clia hoocmon nhu sau :

- Anh hudng dén t16¢ do sinh téng hop enzim va protein.

- Anh huéng dén van t6¢ xic tac clia enzim.

- Thay déi tinh thdm ctia mang t& bao.

C6 3 loai hoocmon :

- Hoocmon dong vat.

- Hoocmon thuc vat.

- Hoocmon c6n trung.

9.2. HOOCMON PONG VAT

9.2.1. Giéi thiéu vé hoocmon ciia nguoi

He théng noi ti€t clia ngudi bao gém cic tuyén noi tiét bé tri doc theo co thé (hinh 9.1).
Tuyén yén hay con goi la tuyén cht dao. D6 12 tuyén quan trong nhat trong co thé vi né
dieu hoa hoat dong ctia rdt nhiéu cdc tuyén noi ti€t khac va tao ra méi lien quan quan
trong v6i h¢ thong than kinh. Hai hoocmon quan trong nhat ctia ngudi 12 hoocmon tang
trudng (HGH) va hoocmon kich thich tuyén gidp (TSH) giai phong ra tyroxin. HGH dugc
gial phong tir thuy truéc tuyén yén va ¢6 tac dung lam tang qud trinh tong hop protein
bang céch kich thich t€ bao clia m6 sir dung aminoaxit. HGH con 1am cho Xuong cua tre
dai ra, qua nhiéu s€ dan dén bénh khéng 16 va qué thi€u sé dan dén bénh lun (hinh 9.2).
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Nam
A Tuyén tung
Tuyén yén 7
Tuyén giép
Tuyén can giap
Tuyén Uc \\=

Tuyén tuy
(tuy dao

langhéran)
Tuyén
trén than

Budng tring

Tinh hoan

Hinh 9.1. Hé thong noi tiét cria ngiedi

*a® .c‘.‘

M
M4
240

Conne

e
: 553
% AR
~ 20

> un :

fo

Hinh 9.2. Nhitng ngueoi binh thiwong, mdc bénh khong 16 va bénh lin do tuyén yén gdy ra
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Tu thuy truéc cua tuyén yén con sinh ra hoocmon kich thich tuyén giap, nho
hoocmon nay tiac dung lén tuyén gidp, tyroxin mdéi dugc giai phong ra. O tré em, néu
thiéu tyroxin s& lam cho xuong va moé than kinh tang trudng khong binh thudng va c6 thé
gay ra bénh dan don. Su hinh thanh cdu triic cla tyroxin con lién quan dén nguyén t6 i6t,
Vi vay, viéc bo sung i6t cho nguén thite an la can thiét.

Cac hoocmon ctia nguoi duge dua ra trong bang 9.1.

BANG 9.1. TOM TAT CAC HOOCMON CUA NGUOGI

Tuyén Hoocmon Bén chat o
o, N , ] Céc tac dung quan trong
noi tiét san xuat ra hoa hoc
Tuyén yén
1. Thuy 1. Hoocmon tang | Protein Tang cudng téng hop protein va giai
trudc trudng & ngudi phéng nang luong tir cac chat béo
(HGH)
2. Hoocmon kich | Glicoprotein | Kich thich san xudt va. gidi phoéng
giap hoocmon tyroxin
3. Hoocmon kich | Peptit Kich thich san xuat va gidi phéng
trén than hoocmon vo trén than
4. Hoocmon kich | Glicoprotein | Lam cho nang triing chin & nir giGi va tac
thich  nang tring dung san sinh ra tinh tring & nam gidi
(FSH)
5. Hoocmon tao thé | Glicoprotein Lam cho trimg rung va kich thich su phat
vang (LH) trién cla thé vang
6. Prolactin (PR) Protein Kich thich san xuat stta & tuyén vu
7. Hoocmon kich thich | Peptit Tang cudng séc t6 da
s4c bao (MSH)
2. Thuy sau | 8. Hoocmon khang | Peptit Tang cuong tai hap thu nudc & cac éng
niéu (ADH) than
9. Oxitoxin Peptit Tang co bép ti cung
Tuyén Melatonin Amin C6 thé tac dung Uc ché 1&n budng trimng
tung
Tuyén giadp | Tyroxin Aminoaxit Tang chuyén hoa ca ban, kich thich cho |
tré em I16n
Tyrocanxitonin Peptit Tang cudng hap thu canxi bdi xuong
Tuyén ic | Tymoxin Peptit Coé thé anh hudng t6i cac t& bao
_ [ lympho B
Tuyén tuy, | Insulin Protein Kich thich qua trinh hap thu gluco vao
gan va cac té bao cd, tao glicogen
Glucagon Peptit Lam tang duong mau, tang phan huy
glicogen
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Tuyén trén 7
than
1. V6 trén | Mineralcocticoit Steroit Kich thich tai hap thu ion natri ¢ cac ong
than Aldosteron than, giam tai hap thu ion kali
Glucococticoit :
Hidrococtison Steroit Lam giam tac dung cla cac phan lng
Cocticosteron Steroit stress
Coctisol Steroit
2. Tuy trén | Adrenalin 80% Amin Tang nhip tim, nhip thd va cac phan ing
than Noradrenalin 20% Amin tra 16i nhanh
Budng Ostrogen Steroit Kich thich su phat trién cac dac diém gidi
tring tinh nl, phuc héi lai niém mac t& cung
Progesteron Steroit Kich thich su phat trién clia niém mac ti
cung chuén bj cho su lam té ca tring
Tinh hoan | Testosteron Steroit Kich thich su phat trién cac dic diém gidi
tinh clla nam
Nhau thai | Kich duc t nhau thai | Glicoprotein Duy tri sy tén tai cla thé vang
(HCG)
Ostrogen Steroit An thai
Progesteron Steroit
Hé théng | Gastrin Peptit Kich thich san xudt va giai phong
tiéu hoa pepsinogen, HCI
Secretin Peptit Kich thich san xuadt ra Natri
hidrocacbonat bdi tuy
Colexystokinin Peptit Kich thich giai phong mat
(CCK)
Than Erytropoietin Glicoprotein | Tang cudng san xuét hong cau
Cac  mbd | Prostaglandin Axit béo Cac tac dung tai ché
cla co thé

9.2.2. C4u tric hoa hoc va co ché tic dung

9.2.2.1. Cac hoocmon la protein, peptit, aminoaxit hay amin

Mot s6 vidu cau tric ciia cac hoocmon loai nay dugc trinh bay trén hinh 9.3.

Co ché tac dung cta timg hoocmon la rét chi ti€t va kha phitc tap. Tuy nhién, do6i v6i
mot s6 hoocmon nhu epinephrin, norepinephrin, cocticotropin, glucagon,... ¢6 thé tac
dung theo co ch& thong qua mot chét trung gian la AMP vong (AMP,). Cing chinh vi
vay, AMP, dugc xem la chit truyén tin thi hai trong t€ bao, con hoocmon la chat truyén
tin thit nhat. Theo co ché nay, cdc hoocmon dén t€ bao dich dugc thuc hién nhu sau :
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Gly-lle-Val-Glu-GIn-Cys-Cys-Thr-Ser-lle-Cys-Ser-Leu-Tyr-Gin-Leu-Glu-Asn-Tyr-Cys-Asn
1 2 3 4 5 6 7 8 9 10 1112 13 1415 16 17 18 18 20 21

!
{

Phe-Val-Asn-Gin-His-Leu-Cys-Gly-Ser-His-Leu-Val-Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-
1. 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22
Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Thr
23 24 25 26 27 28 29 30

Cau trac phan tr insulin ctia nguoi

NH3
S CH —CO0O~

Tiroxin (L-3,5,3',5" - tetraiodotiroxin hay T4)

NH3
———CH —CO00O~

Trilodotiroxin (L-3,5,3' - triiodotiroxin hay T3)

HO N
H HzT — CHy HO y NH,
| | |
HO - ? CH, HO C CH,
OH (l)H
Epinephrin (adrenalin) Norepinephrin (Noadrenalin)

Hinh 9.3. Cdu triic ciia m¢t 56" hoocmon la protein, peptit, aminoaxit hay amin
- Chat nhan hoocmon trén mang nguyén sinh chat cla t€ bao dich sé& két hop dac hiéu
v6i hoocmon.
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- Su két hop nay di lam tang hoat do clia enzim adenilatxiclaza ¢6 san trén mang.

- Enzim adenilatxiclaza (xic tac cho phan tng chuyén hod ATP thanh AMP,) tang
hoat do sé lam tang lugng AMP, .

- AMP, lai Iam thay déi van t6c cia mot hay nhiéu qua trinh.

Nhu vay, céc hoocmon téc dung theo kiéu nay khong can thiét phai di vao bén trong
t& bao ma thuc hién thong qua AMP, va mot chat trung gian goi 1a protein G (protein ket
hop v6i guanilnucleotit) dé hoat hoa céc enzim can thi€t (hinh 9.4).

NGOAI TE BAO

R 2

, Tin hiéu
Qx;t hoocmon
nitric
N Chat
MANG | ¢ | s nhan
TRONG G G : G c] N t
“ RA : : inaza protein
TE BAO N Cac anh Inositol Chét truyén tin | yrosin hc?at dong
G Protein hudng khac / triphotphat thir hai
¥ i ¥
F,AMP vong | | ;*,G,M'P'@g,,lj o | | ‘a:mcylglyxero" | chatnén
— — ' ’ protein
Kinaza
protein
PK-A - PKG

Chat nén protein Chét nén protein ~ Chét nén

protein :

o :é\ hoat dong

Cac photpholiapaza khéac g;ﬁcb%t?y
* photphory!
hoé

Chaét nén protein
Hinh 9.4. Hé thong truyén tin hiéu hoocmon bao gém chdt nhdn trén mang té'bao
va cdc chdt truyén tin thit hai bén trong mang té bao
Ghi chi : PK—A protein kinaza A, PK—C protein kinaza C, PK—G protein kinaza G.

Hoocmon insulin : Pugc xem 12 hoocmon quan trong nhat thic ddy su thu nap va su
dung glucozo, con glucagon'vé epinephrin thi tic dong nguoc lai (1am tang dudng trong
mau). Hinh 9.5 trinh bay tdc dong qua lai gita 2 hoocmon tuyén tuy la insulin va
glucagon. O tuy cé cdc t& bao noi tiét, ti€t hoocmon truc ti€p vao mau va céc t€ bao ngoai
1i€1 tiét cdc tién chat zimogen clia cac enzim tiéu hod vao phan trén clia rudt non. M6 noi
ti€t c6 dang t€ bao goi 1a ddo Langerhans chita it nhdt 4 loai t€ bao khac nhau, mdi loai
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chuyén san xuat mot hoocmon. Cic t€ bao A tong hop glucagon, t€ bao D téng hop
somatostatin, t€ bao P t6ng hop hoocmon tuyén tuy méi duge phét hieén con t& bao B t6ng
hop insulin. Céc t&€ bao B cam nhan nong do glucozo va phan ng lai bang cédch tiét ra
insulin dé tang dudng trong mau. Tac dong cua insulin 1a thong bdo trang thdi di dinh
dudng va do dé thiic ddy mot s6 qua trinh sau :

1. Thu lugm co chat nhién liéu vao mot s6 t€ bao.

2. Du trix nhién liéu (lipit va glicogen).

3. Sinh tong hop cac dai phan ti (cac axit nucleic va protein).

Nhing tdc dong dac hiéu bao gém tang cuong thu lugm glucozo dua vao ¢o va mo
md, kich hoat phan giai glucozo & gan, tang cudng téng hop cdc axit béo va
triaxylglixerin & gan va m6 md, ttc che téng hop mdi glucozo & gan, tang cuodng t6ng hop
glicogen & gan va co, tang cuong hap thu cac aminoaxit vio co sau d6 kich hoat téng hop
protein O co va tic ché phan gidi protein. Véi vai trd sinh tong hop cua insulin ¢6 thé coi
insulin nhu mot hoocmon tang trudng. _

Bénh ti€u duong : Khi nhin déi, mitc sir dung glucozo xudng thap bat binh thudng vi
khong du glucozo cung cdp. Véi bénh tidu dudng, muc sir dung glucozo ciing thap tuong
tu, nhung nguyén nhan 1a do 18i & su kich thich hoocmon déi véi su sir dung glucozo, cu
thé 12 cua insulin. K&t qua 1a xuat hién hién tugng glucozo du thira nhung trén thuc t€ lai
khong phai la nhu vay. Benh ti€u dudng rat nguy hiém. Cich diéu tri t6t nhat 13 tiém
insulin. Tuy nhién, mot s6 dang bénh nay lai 1a do nhitng dot bién cdu tric ctia chat nhan
insulin hoac dot bién hoat tinh noi t&€ bao. Cic dang nay dan dén su khang insulin va
khong thé chita khoi bang cach tiém insulin.

¥ Tao thanh Gluc’olzg' tl(ong
mau di 1én
Glucozo trong mau cao Egg?gﬁ;\
@ Insulin
Tuyén tuy
Glucagon Glucozo trong
Pha v3 , mau di xuéng
Glucoza trong mau thap , E:gﬁ(:ﬂi?q

A

Hinh 9.5. Tdc déng ciia 2 hoocmon tuyén tuy
9.2.2.2. Cdc hoocmon la steroit

Céc hoocmon steroit quan trong 13 hoocmon vo trén than (andosteran, cocticosteron, coctisol,...),
hoocmon sinh duc (testosteron, progesteron, ostrogen,...) va hoocmon dan xuat tiy vitamin D.

Déc diém chung cta cic hoocmon nay 1 :

- C6 khung cau tric co ban steroit
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- Tan trong lipit va van chuyén dé dang qua mang (€ bao

- Puoc tong hop tir colesterol qua progesteron (hinh 9.6, 7)

- Gan v6i cédc chat ti€p nhan dac hiéu nam bén trong t€ bao va anh hudng trude hét
dén qua trinh bi€u hién gen, trung tam dau tién chiu tdc dung Ia nhan (¢ bao. Hi¢u qua
sinh hoc ctia ching phu thuoc vao qua trinh tong hop cac protein méi do dé can thdi gian
tuong doi lau (phai hang gio).

Cholesterol
Xitocrom P-450
02 H3C

CH,

CH,

“OH
/ T-a-Hidroxicholesterol
HyC

ADRI CH,

CoO" CHs

| , 0 " OH
HO™ b “OH
3,7,12-Trihidroxiprostanoat /

H,C
HQ

CoO”

o' "OH HO" “OH
Cholyl-goA ChOI:t " Chenlgdeoxichcg:t
+ -
. H3N'—CH2_CH2'SO3
HyN—=CH,-C0OO"~ Taurin
Glyxin H.C
CoA-SH HO 3

CoASH .

NH—CH,~CH,-SO;
NH-CH;~COO"

HO H OH
Glicocholat Taurocholat
Hinh 9.6. Sinh tong hop cdc axit mdt va muéi ctia chiing tit cholesteron 135
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@ PROGESTIN » @ KHOANG COCTICOIT
0

\/ o%OH o <OH
HO_ ’ HO
21 18 18
—_—_— -
o Hidroxilaza Pehidronaza
©0 O/ Andosteron
Progesteron 17a 7 ndosteron
OH\ OH HO. O
X @ GLUCOCORTICOIT
HO “,OH

1B 21

- —

Hidroxilaza

17-Hidroxiprogesteron

17, 20 lLyaza o)

O
@ ANDROGEN @ ESTROGEN

Cortisol

Aromataza

————— ——

Andrstenetlon HO
Reductaza ‘ .
Aromataza
Estradiol
OH
Testosteron

50 Reductaza

bihidrotestosteron

Hinh 9.7. Sinh 16ng hop tir progesteron dén céc hoocmon steroit khdc
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Tac dung ctia hoocmon steroit duoc tdng hop va theé hién trén bang 9.2.

BANG 9.2. NHUNG TAC DUNG CHINH CUA HOOCMON STEROIT

" Nhém .
SO - Hoocmon Nai . .
- SO cacbon trong . . Tac dung chinh
T A e vi du tao thanh
phan tu _
1 Progestagen P'rogasteron ‘Thé vang Hoocmon dudng thai, chudn bi
21C V6 trén than | da con dé tring phat trién, bao
vé thai
2 Glucococticoit Coctizol Vo trén than | Kich thich téng hgp glicogen va
29C tich luy & gan
T&ng cudng qua trinh phan giai
protein va chat béo Chéng viém
3 Mineralcocticoit Aldosterol Vo trén than | Tang tich nudc va mudi an
Tang tai hap phu Na', CI,
H,CO3 bdi than, tang tich nudc,
bai tiét K*
4 Androgen Testosterol Tinh hoan Cé‘n cho su phat trié’n’céc dau
19C hiéu gidi tinh duc thir cap
5 Estrogen Estrol Budng tring | Can cho su phat trién cac dau
18C (Folliculin) hiéu gidi tinh cai thd cép, lam
, t . At vy
Estradiol phat trién \m.em mac da con
trong chu ki kinh nguyét
(Bihidro-
folliculin)

Péi véi hoocmon dan xuat tir vitamin D thi lai can tic dung cla dnh sang ti ngoai.
Cu thé 1a vitamin D3 duoc téng hgp tir 7-dehidrocholesterol & da. Nh& enzim oxi hod
C-25 & gan va enzim oxi hod C-1 & than, né dugc bién doi thanh hoocmon hoat dong la
1,25 dihidroxicholecanxiferol c6 tidc dung diéu hoa chuyén hoa Ca®* va PO3_

25

| uv CH, 24

HO

7-Dehidrocholesterol

18.CSHOA SINHA

HO

Cholecanxiferol (vitamin D3)
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9.2.2.3. Cdac hoocmon la cdc chdt khdc
Trong co thé nguoi, con mot s6 cic hop chat ¢6 tidc dung twong tu nhu hoocmon

nhung khong cé cdu tric nhu cédc loai trén va cling khong phai dugc sinh ra tir cic co
quan noi tiét. Cac hgp chat nay 1a : '

- Prostaglandin gém mot loat cdc hop chat 1a din xuat cia céc axit béo, ¢6 ¢ phan 16n
cdc 10 chic trong co thé s6ng, 6 tic dung gay co co, tron, sot, viém.

- Leucotrien gom mot loat cdc hop chat duge téng hop tir axit arachidonic, ¢6 & bach
cau, lach, cdc t8 chiic khdc, ¢6 tic dung gay co that ph¢ quan,...

- Thromboxan gém mot loat cdc hop chat 1a dan Xuat ciia céc axit béo, ¢6 & ti€u cau va
cdc to chie khic, ¢6 tac dung di€u hoa qu4 trinh dong mau, co mach, ngung két tiéu cau.

9.3. HOOCMON CON TRUNG o

O con tring ton tai hai loai hoocmon chii y&u : hoocmon Juvenil (hoocmon tré) va
hoocmon ecdyson (hoocmon 10t xac) (hinh 9.8). Nho su thay doi muc do khac nhau cia
hai loai hoocmon nay ma con trung ¢6 cdc ki€u bién thai khac nhau (khong bién thii,
bi€n thdi khong hoan toan va bién thai hoan toan). Dong thoi & giai doan truong thanh,
vai tro cta hoocmon juvenil lai ¢6 lien quan 61 sy phdt trién tinh trang va budng tring
(hinh 9.9).

OH
O
OH-
OCH;,4
& H
) OCH,
o) H ,
H
O © H
\/\)\/U\ O
0 H OCHj Hoocmon ecdison

o .
//“\\//L\§//E\OCH3

B6n dang Koocmon juvenil

O H

Hinh 9.8. Cdc hoocmon con tring
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Piéu khién phat trién

Té bao than kinh tiét i ,
budng trung

JH Hoocmon
tuyén nguc

\( ~
,\

N

JH (ham lugng
thap)

JH (ham lugng cao)
m

Ecdlson / 5"3:«5‘

il

wn o ST

Au trang Au trung

tudi be tudi lan Trudng thanh

Hinh 9.9 So do tac dung ciia hoocnion ¢on tring

9.4. HOOCMON THUC VAT
Cic hoocmon thuc vat (hinh 9.10) ¢6 vai trd trong nhi¢u qué trinh quan trong o thuc
vat nhu qua trinh sinh trudng, phan chia t& bao, biét hod & bao va ciing anh huong dén
qué trinh phdt trién, chin, ldo hod mo va nhiéu qua trinh khéc. Cic hoocmon duge van
chuyén trong cac mo dan. Cac hoocmon thuc vat c¢6 tinh dac hi¢u tac dung thap. Pham vi
hoat dong ctia cdc hoocmon nay rat rong, mbi hoocmon tham gia trong nhiéu qud trinh
sinh li, thuong c6 hoat dong trdi nguoc nhau hodc lam tang tac dung cua cac hoocmon khac.
C6 thé chia cac hoocmon thuc vat thanh 5 nhém :
- Dan xudt cua indol.
- Gibberelin ¢6 cau tric tetratecpen.
- Xitokinin c6 céu tric gan v6i Adenin.
- Dan xuat cua axit abxixic (tritecpen).

- Etylen dugc tao thanh trong qué trinh trao déi metionin.

9.4.1. Auxin

Auxin gém cdc hoocmon 1a dan xudt cta indol. Hoocmon loai nay duge biét dau tién
la axit B-indolylaxetic (IAA) . Trong thuc vat ¢6 thé ton tai & dang ty do hoac lién két v6i
glucozo hoac peptit. Pay 1a hoocmon sinh truong c6 tac dung kich thich tang trudng
chiéu dai ctia céc t&€ bao, phan chia t& bao tuong tang, kim ham su'sinh trudng cla choi
phu do do tao diéu kién cho chéi chinh phat trién, tham gia gay rung 14, qua,... Qua trinh
sinh téng hop IAA ¢6 lién quan véi qua trinh trao déi tryptophan. IAA dugc téng hop &

mo phan sinh hodac & phan non cua thuc vat.
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CH,— COOH
, —— OH
’ HO ~
NH A
CHs  cooH e,
Axit B-indolylaxetic Axit gibberilic
NH— CH, —J\‘ U NH — CH,
0o
- N

,\ , > Kinetin k\ 6-benzyloaminopurin
\N NH _ N NH

H CH H CH,OH

a \ /
C——— —_ C\
NH — CH, CH,§ NH— CH, CH,
N = N
NN - S
k\ , > 6-isopentenylaminopurin l\\ N Zeatin
CH,4
CHs CH,4
C H H
CH\ - \ ~ c— C/
CH CH - ~
OH , H H
= COOH
Q/ CH;  Axit abxixic Etylen

Hinh 9.10. Mot 56 hoocmon thie var

9.4.2. Gibberelin

Vi du axit gibberilic (GA3) dugc phét hién & nam Gibberella Jujicuroi ¢6 tic dung
lam cho cay lda phit trién chiéu cao qud mic binh thudng. Pay 13 chat diéu hoa v kich
thich sinh trudéng manh nhat & cic co quan cua thuc vat, nhat la than, kich thich phan chia
va kéo dai t€ bao déng thoi con c6 tac dung pha trang thdi ngt cta hat, kich thich sy ra
hoa cua cay dai ngay, tao qua khong hat. Gibberelin ¢6 tac dung tryc ti€p dén sinh t6ng
hop enzim.
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9.4.3. Xitokinin

Vi du kinetin, kich thich su phan chia t€ bao, kich thich su sinh trudng t¢ bao 14, pha
trang thdi ngd cta hat, kich thich sinh truong chéi chinh nhung khong kim ham sinh
truong chdi phu, 1am cham qud trinh 1do hod mo. Xitokinin ¢é trong cdc phan khdac nhau
clia cay c6 hoa va nhiéu nhat & mo phan sinh, tham gia diéu hoa qua trinh trao doi chat ¢
cdc cd quan trén mat dat cta cay.

9.4.4. Axit abxixic

La dan xudt cua tritecpen phé bién & thuc vat. Tac dung dau tién dugce bi€t dén la lam
rung l4, rung qua. Axit abxixic c6 tic dung nguoc v6i gibberilin, né kim ham nhi¢u qua
trinh sinh 1f. C6 gi4 thuyét cho ring axit abxixic va gibberilin dugc tong hop tir tién chat
chung 12 axit mevalonic theo hudng tao thanh gibberilin hoac theo hudng tao thanh axit
abxixic. He thong nay duogc diéu hoa nhd néng do clia cdc hoocmon nay theo co ché lién
hé nguoc am (titc 12 néng do san phdm cao tc ch€ qud trinh tao thanh no).

9.4.5. Etylen

La san phdm trung gian cla qua trinh trao d6i chat duge tao thanh trong qua trinh
phan giai metionin. Chi v6i mot luong it etylen ciing thé hién hoat tinh. Etylen c6 trong
céc phdn khic nhau cla cay : hoa, qua, 14, than, ré c6 tic dung ngugc vdi auxin. Etylen
thiic ddy qu4 trinh chin cia qua.

BANG 9.2. TOM TAT CAC HOOCMON THUC VAT

Nhom Noi
san sinh

Co quan
chiu tac dong
Pinh chdi va than

Mam bén

Tac dong
hoocmon

Cacauxin | Té bao dang Lam giam phan chia té bao
phan chia trong
mé phan sinh
dinh va la, dugc

van chuyén khoi

Lam tang kéo dai té bao
Uc ché sinh trudng

Tang phat sinh mach | Kich thich sinh trudng thir cap

dinh chdi
La Uc ché surung la
Qua Kich thich su phat trién
Uc ché qua rung
Hat Khéng anh hudng Ién trang thai nghi
Vét thuong Phan hoa té bao sinh trudng ré phu
Cac Luc lap, phoi, | M6 phéan sinh Lam tang su phan chia té bao
gibberelin | hat, chép ré, dugc | Than Lam tang sy kéo dai
van chuyén khdi | qua Kich thich su phat trién
la non Hat Khéi dau su ndy mam
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kit

(Céc Té bao dang phan | M6 phan sinh Lam tang su phan chia t&€ bao
xitokinin chia trong ré, hat, Lam gidm su kéo dai t& bao
qua, . du’c_}g Van | mam bén Kich thich su phat trién
chuyén khoi re La Lam cham su hoa gia
1 Qua Kich thich su phat trién
Axit La, dac biét & 14 | Ré Lam giam su kéo dai té bao
abxixic hoa gia, than, qua, | Chéi ngon va chéi’ Gay ra trang thai ngu
hat bén
La Kich thich su rung 14
Qua Kich thich su rung qua
LS khi Kich thich dong 15 khi trong diéu kién
kho han
Etylen Phan I6n & cac co | Qua Kich thich su chin
quan cua cay

Dua trén co sO cdc hop chat ¢6 cau tric tuong ty, nguoi ta da tong hop ra nhiéu hop
chat méi va ching ciing c6 tic dung kich thich twong tu. Vi du, mot s6 dai dién cua cic
hop chat auxin t6ng hop (hinh 9.11). D€ tao ra etylen 1am nhanh su chin clia qua va chin
dong loat gidp cho su thu hoach co gi6i, ch€ pham ACEP c¢6 tén la ethrel hay ethephon
dugc sir dung hét suc rong ri :

Cl - CH, - CH, - PO3H, + H,0 — CH, = CH, + H;PO, + HCl
AXxit cloetylphotphoric (ACEP)

CH,—— COOH
CHy — CHy — CH,~— COOH

NH

Axit 8 - indolylbutyric Axit a - naphtylaxetic

O——CH, —COOCH O —CH, ——COOH O —CH, —COOH

Ci cl CH,

Cl

of : Cl Cl

Axit 2,4~
diclorophenoxiaxetic (2,4D)

Axit 2,4,5- Axit 2-metyl 4-
triclorophenoxiaxetic (2,4,5T) clorophenoxiaxetic (2M4C)

Hinh 9.11. Mot s6 hoocmon anxin tong hop
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Chuong 10
CAC CHAT TRO SINH

10.1. PINH NGHIA

Cac chat tro sinh 1a cic chat dugc co thé séng san sinh ra véi ham luong tuong doi
nho, nhim hd trg cho mot s6 hoat dong séng nao dé nhu la ticu doc, bao vé, truyén tin

hiéu,...

10.2. PHAN LOAI

Dua vao ngudn gdc san sinh ra chat trg sinh, ngudi ta ¢6 thé phan loai thanh hai
loai chat trg sinh chinh sau :

— Chat trg sinh & dong vat va con trung.

— Chat tr¢ sinh & thuc vat.

10.3. CAC CHAT TRO SINH G DONG VAT VA CON TRUNG

10.3.1. Cac chit khang khuan

Co thé s6ng san sinh cdc chat nham chéng lai cac vi khuén tir moi trudng bén ngoai
xam nhap vao. Vi du, & ngudi, mot cach ty nhién, vi khudn theo thitc an vao miéng da bi
enzim lizozim cé trong nudc bot tan cOng bang cach thuy phan polisaccarit cua thanh t€
bao vi khuan, giét chét vi khuan bing cach pha v t€ bao. O da day cdc enzim thuy phan
protein rat manh ciing véi do pH rat thap tiép tuc tieu diét cdc vi khudn. Song véi céc vi
khudn ¢6 kha nang chiu dung dugc da ton tai, phat trién va gay bénh. Trong trudng hop
nay, co thé phéi dugc tro gidp bang cac loai thude dac hiéu. Vi du diung thude khang sinh
hoac phai nho vao hé theng mién dich cta co thé (gidng nhu co ché tiéu diét virut).

Cic chat khang sinh (antibiotic) : D6 1a nhiing chat hoa hoc do mét s6 vi sinh vat tao
thanh c¢6 hoat tinh chong lai céc vi ‘sinh vat khéc). Hién nay ngudi ta dd phdt hién dugc
trén 8000 chat khang sinh khdc nhau va con s6 nay van dang tang lén. Chat dugc phat
hién s6m nhat va ¢6 y nghia nhat la penixilin do mét loai nam Penicillium chrysogenum
sinh ra. Tac dung ctia penixilin 1 do cdu tric phan ti chét nay c6 vong 4 canh lactam rat
dé phan tng khong nghich dao véi enzim transpeptidaza 1a enzim xiic tdc cho phan ing
t8ng hop vach t& bao ma vi khuan rat can dé 16n va phan li. Tuy nhién, vi khuén lai c6
kha nang rén luyén su khiang penixilin. Su khang thu6c nay 1a do mot enzim c6 tén la
lactamaza ¢é kha nang thuy phan vong lactam cla penixilin va lam mat kha nang can
thiép vao su tong hop peptidoglycan (hinh 10.1).
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Mach 1 H T Vong lactam
% l A O0=—cC H s
HN—C—CH; H l l /
I HN—C CH
C——NH—C—CH, | |
0// | C—N—CH
C // I
c)// No- o .
I | N
D-Ala D-Ala Penixillin_
[
{(E)—
HN—CH - | (E)
| A
CO0O~ ; R !
D-Ala l
Mach 1 T O:T T /S
Phrc —
Mach 11 HN—C—CH;  Engim HN—C —CH *
1% cd chat cl: fI\j L
(hoat dong) — N—
do e S
| 7\
* O/ O
Mach 1 H Phirc
Mach 11 I Enzim-penixi!lin
O HN—— C —CH, (khdng hoat dong)
L-Lys— (Gly)y C——CH, -NH—x_
\ O

Mach I va Il lién két ngang

Hinh 10.1. Phdn itng to6ng hop peptidoglycan (irdi) va si itc ché'enzim transpeptitdaza ciia penixilin

10.3.2. Cac chat khang virut

Cac chdt khang khuén cta co thé va ca cdc chat khéng sinh déu khong c6 kha nang
ngan ngira va tiéu diét dugc virut, vi vay ching tham nhép truc ti€p vao bén trong t&€ bio.
Viduy, virut gay suy giam mién dich & nguoi (HIV) thuong tan cong moét dang t€ bao T
(hay t€ bao lympho T), dang t€ bao rat quan trong d6i véi chitc nang binh thudng clia hée
théng mién dich va lam cho nan nhan khong c6 kha nang bao vé co thé chong lai bénh
tat. Bénh AIDS la giai doan cudi gay céi chét tat yé&u.

He¢ théng mién dich cha ngudi gom hé thong bach huyét, cdc hach bach huyét va céc
tac bao. Hai dang t& bao lympho T va t€ bao lympho B dugc hinh thanh tir cac t€ bao
mam theo so d6 hinh 10.2 tao ra cdc khéng thé dé chéng lai cic khang nguyeén.
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Tuyén trc, su thanh Cacté bao B

1 ™ thucclatébao T ™| dathanh thuc ™l cac mo
bach huyét
Céc t& bao mam Hach bach huyét
d gan, lach, tuy ’
xuong cla thai nhi
Lach
—»| Suthanh thuc » CactébaoB -
cac té bao B da thanh thuc
Tuy xuong

Hinh 10.2. Nguén goc cdc té bao lympho T va té'bao lympho B

Khang thé 1a mot protein hinh chit Y, cau tric duge minh hoa trong hinh 10.3. Phan
1 khang thé bao gom 4 chudi polipeptit, trong dé ¢6 2 chudi nang va 2 chuéi nhe lién két
v6i nhau bdi cau noi disunfua. Phdn ddu mdt cua 2 nhanh cht Y lai bién d6i va tao nén
cdc vi tri k&t hgp c¢6 kha nang phan ung véi cac chat hod hoc khac duge goi la khing
nguyén. Khdng nguyén 1a nhitng chét "la" ¢6 ban chat protein hay polisaccarit ¢6 trén bé
mat ctia vi khuan hoac virut xam lan. Mbi loai t&€ bao lympho chi ¢6 thé san xuat ra mot
loai khang thé. Do d6 dé bao vé co thé chong lai tat ca cdc bénh can phai c6 hang nghin
té bao lympho khac nhau. Vi vay, co ch€ tiém chung vacxin ciing 1a nham tao ra céc t€
bao lympho c¢6 kha nang lam quen vé6i cac khang nguyén mdi la.

Vi tri két hop
khang nguyén vang bidn déi

AN A

Ving

Chudi nhe ¢d dinh

Cau diunfua
lien k&t
cac chudi

Chubi nang

Hinh 10.3. Cdu triic mét phdn ni khang thé

10.3.3. Cac chat truyén tin hiéu hoa hoc (Telegron)

Chiing bao- gom céc chat truyén tin hi¢u ciing loai goi la homotelegron (hay con goi
la pheromon) va céac chat truyén tin hiéu khac loai goi la heterotelegron (hay con goi la
kairomon). Cac hop chat nay dugc xem la mot yéu t6 thong tin trong giao ti€p sinh hoc.
Ching c6 tdc dung tap hgp, dianh ddu dudng di, goi ban tinh, bdo dong, phan tan va
xua daot. -
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Qua cdc thi nghiém sinh hoc, nguoi ta nhan thay céc chat nay ¢ dang long, dé bay
hoi trong diéu kién tu nhién. T6éc do bay hoi va khuéch tan phu thuoc rat nhiéu vao cdc
yéu 16 sinh thdi khéc trong moi truong nhu téc do gid, toc do dong chay, nhiét do, d6 4m.
Cac pheromon sinh duc c¢6 kha nang khuéch tan xa hon ca (hon 2 km), con cic pheromon
danh dau dudng di c6 d6 khuéch tan kém hon ca. Cic pheromon tap hop va pheromon
sinh duc ¢6 thoi gian luu trong khong gian lau hon so véi cdc pheromon bdo dong hay
xua dudi.

S6 lugng cdc hop chat nay rat phong phi, phu thudc vao ting giong loai. Hau hét
nhiing chat da dugc nghién ctru cho thdy ching la céc ancol, axit béo khong no, mot s6
khéc 1a ancaloit va dan xuat cta ancaloit. Chiing hoa tan trong cdc dung moéi hitu co nhu
ete etylic, benzen, clorofoc, ancol, ete ddu mo,... Vi du, & loai buém tam, nguoi ta da phat
hién dugc pheromon sinh duc clia con cdi 12 mot ancol béo khong no ¢é 16 nguyén ti C
va goi la bombycol ¢ cong thic sau :

CH3~(CHp)~CH=CH-CH=CH—(CH,)g-~CH,~OH
Céc chat truyen tin hiéu khong phai luén luon dugc tiét ra ¢ mot tuyén nhat dinh ma

¢6 thé & mot s6 vi trf trén co thé sinh vat.V{ du, vé cdc tuyén ti€t pheromon & mot con
kién (hinh 10.4), tuyén thom ctia son duong (hinh 10.5). Kha nang tac dung ctia pheromon

Xitral
CH, Propilisobutylxeton
CH, |
~>C=CH—CH,—CH,—C=C—CHO
CH CH3 II
>CH—CH,—C —CH;—

CH,—CH,

3

Xitronellal

>C=CH—CH2—CH2—-C'3H——CH2—CHO

CH,
CH,
Metylheptenon
CHs\ ﬁ
! CHS/C=CH'—CH2_CH2_C—'CH3

Metylamyixenon
CH;—CH,—CH,—CH,—CH;— C—CHj3
Hinh 10.4. So do cdc tuyén tiét pheromon & mét con kién
1. Tuyén ham ; 2. Tuyén nudc bot ; 3. Tuyén hau mén
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con phu thudc vao néng do ciia chat cing nhu su phoi hop néng do gidfa cac chat ncu
trong thanh phan ctia mot pheromon ¢6 tir 2 chat tro 1én.

Tuyén thom Tuyén thom

Hinh 10.5. Tuyén thom ¢ son ditong

a) Tuyén tru6c 6 mét ; b) Tuyén sau 6 mat

10.4. CAC CHAT TRO SINH O THUC VAT

Cac chat tro sinh trong thuc vat c6 tac dung bao vé cho ching tranh duqé su pha hoai
do cdc tc dong cua thién nhién gy ra, cua con tring va cac dong vat trong moi trudong
song. Cac chat trg sinh trong thyc vat con ¢6 tic dung quan trong nita 1a dan du quyén rii
con trung chii yéu 12 do mau sic, huong thom va vi ngot cua hoa dé nho con trung thu
phan bang cach chuyén phan hoa trong cling mot cay hoac tir cdy no sang cay kia. Cac
chat ndy rat da dang, phong phi va phuc tap hon nhiéy, song tinh dac hiéu lai khong cao
nhu céc chat tro sinh cua dong vat. -

Cic chat tro sinh trong thuc vat ¢ thé chia ra mot s loai sau :

+ Cac hop chat va dan xuat cta phenol gdm phenol, flavonoit 1a nhimg chat sinh
mau, con lignin, tanin 12 nhimg chat gop phan bdo vé cay. Lignin lién két cic soi
xenlulozo lai v6i nhau lam cho cay cing, chéc, con tanin lam cho qua khi con xanh thi
rit chat, dong vat khong thé an dugc, nhung khi chin thi chuyén hod lam cho qua mém va
ngot. :

+ Céac hop chat va dan xuat cla isoprenoit gom isopren, nhya cao su, tecpenoit 1a
nhitng chat sinh ra huong liéu chu yéu trong thuc vat.

+ Cac hop chat va din xuat clia steroit gom sterin, sapogenin l1a nhimg chat doc digt
khuan.

+ C4c hop chat va dan xuat cla ancaloit 1a nhimg chat ddc, c6 tac dung gay mé, gay
nghién (nhu thuéc phién).
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Chuong 11
SU TRAO bOI CHAT

11.1. GIOI THIEU VE SU TRAO POI CHAT

Trong phong thi nghiém, dé t6ng hop mot chat hitu co thuong chi thyc hién mot phan
ung trong mot binh phéan tng véi muc dich ngan nglra cic san pham phu di kem va dé 16i
uu hod sy tao thanh san pham theo y muén. Trong khi dé, 1€ bao song tién hanh thuc hién
hang ngan phan ing dong thdi va trinh ty méi phan ung déu duoc kiém sodt sao cho
khong dé xdy ra khe dong cling nhu thi€u hut vé cdc sdn pham trung gian hoac thanh
phan. Cic phan tng véi co ché rat phic tap va tinh chon loc hod lap thé dugc dién ra troi
chay trong cdc diéu ki¢n on hoa - 4p suat | atm, nhi¢t d6 trung binh va pH gan trung tinh.
biéu tuyét dieu nay chi ¢6 thé duoc sdng to khi tién hanh tim hidu sau vé co ché ca cic
phan tng phan huy va tdng hop da dién ra nhu the nao trong co thé séng. D6 chinh la qua
trinh chuyén hod vat chat va nang lugng dién ra hiang ngay o t&€ bao song.

Su trao déi chat 1a mot tdng thé théng nhat cua cdc phan ting ho4 hoc dién ra trong 1€
bao theo hai hudng phan giai va tong hop. Hinh 11.1 1 bic tranh mo ta vé su trao
déi chat.

Nhu vay, ¢6 thé xem su s6ng bao gém hai qua trinh dong hoa va di hod, la chu trinh
cua bon dai phan o sinh hoc : polisaccarit, lipit, protein va axit nucleic. Su song ton tai
duoc ia do nguoén nang luong tir mat troi dem lai.

Di hod 1a qud trinh phan huy co chat dé cung cap nang lugng, phan I6n thong qua cdc
phan tng oxi hod. |

béng hod 1a qud trinh tng hop cic phan o sinh hoc phitc tap tr céc phéan tir nho,
phan 16n cdc chat trung gian nay ¢6 duoc tir qud trinh dj hod.

Cac qua trinh dj hoa va dong hoa tuy ¢6 cang mot diém cudi nhung khong phai la cic
phan tng thuan nghich ca nhau, thuc ra ching 1 cidc con duong chuyén ho4 khac han
nhau, cho nén c4 hai déu ¢6 thé sinh ra nang lugng.

Nang lugng duge gidi phéng dan theo mot chudi cac budc nhd méi khi cac dién tr
duge giai phéng ra, cusi cung déu duoc tai dén oxi.

Khi di hod, co chat ¢ trang thai khir cang manh cang giaj phong nhiéu nang luong.

Cac phan ung trong qua trinh trao ddi chat dugc dieu khién bang :

- Hoat d6 enzim

- Nong do enzim

~ Su phan ngan cua t€ bao

- Diéu tiét cua hoocmon
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(4]

Polisaccarit

Protein Nucleic axit Lipit l

Monosaccarit

- Axit béo

Nucleotit

J

Glucozo

Glixeraldehit-
3-phogphat

—< -0 0 = =

Piruvat

w-—nosI0QOoOI00C —0

Axetyl-CoA

Quang hadp

Nang lugng
anh sang

- Qua trinh di hoa Chét mang
:> Qua trinh déng hoa electron oxi hoé
(NAD+, FAD)

c=> Dong eclectron

Hinh 11.1. So dé qud trinh trao doi chdt

Nhin chung, qu trinh trao déi chét 12 mot qua trinh rét tinh vi va hoan hao, bao dam
su song cho mot co thé song. Néu qud trinh nay bi tryc trac do nhitng tic dong bén trong
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hoac bén ngoai co thé song thi ciing chinh co thé d6 s& phai tién hanh tu diéu chinh dé
khac phuc. Duong nhién néu khong khéc phuc duoc thi su séng cua co thé dé khong con,
nhung lai sé bat dau su s6ng ctia mot co thé khac.

11.2. CAC QUA TRINH DIEN RA TRONG TRAO POI CHAT

11.2.1. So d6 tong quat vé sy hinh thanh ndng lugng cua sy séng (chu trinh
cacbon trong tu nhién) (hinh 11.2)

CeH1206 + 60,

Hé hap

Quang hgp

6CO, + 6H,0

Hinh 11.2. Chu trinh cacbon trong ne nhién

Co thé tu dudng : bién nang lugng anh sdng mat troi thanh cac dang nang luong sinh
hoc khic nhau (t6ng hop chat méi). Phuong trinh téng quat :

Quang nang

6CO, + 6H,0 — Quangning CeHj506 +60,  AG® = +2870 kJ/mol
Co thé di dudng : 14y nang luong tir cdc nguén dinh dudng khéc nhau (phan huy cac
chat). Phuong trinh t8ng quit :

CeH;,06 + 60, —— 6CO, + 6H,0 AG® = -2870 kJ/mol
Théng qua chicu sang, mot nam mat trdi di cung cap nang lugng cho trai dat tuong
duong khoang 3.10** J, nhung 99,9% Ia du6i dang nhiet, con lai 0,1% duoc bién thanh
nang luong hod hoc duéi dang tao thanh cic chat. Song chi ¢6 0,5% cta 0,1% nay la
dugc st dung duéi dang thuc phdm.

11.2.2. Phan dng quang hop

Qué trinh quang hgp duogc tién hanh qua nhi€u budc trung gian va dudng ‘hexozo
cting khong phdi la san phdm duy nhat. Do d6 phéan ung quang hop dugc biéu thi & dang
tong quat hon :

150

http://tieulun.hopto.org



CO, + H,0 - ADERANE . [CH,0] + O,
trong d6 [CH,0] 1a mot cacbohidrat tong quat.

V6i phan tng trén, ¢6 thé xem H,0 nhu 13 tac nhan khit, nhung chi ding véi thuc
vat, tao lam, con hing loat céc qué trinh quang hop khéc dién ra trong nhiéu vi khuin
chiing sir dung cdc chét khir khac. Vi vay, c6 thé con phai viét dudi dang tong qudt
hon nira :

-

CO, + 2H,A —uanening , 1oy 0] + H,0 + 2A
O day, c6 thé vi du A nhu luu huynh chéng han.
Bing phuong phap nguyén tir dénh dau ngudi ta da xdc dinh duoc ring oxi dugc giai
phéng ra trong cic phan tng quang hop 14 hoan toan clia phan tir nude. Nhu vay, nho dnh
sang mat trdi nudc dugc phan li nhu sau :

. ang lugng anh sang mat troi +
O __nanglug ng M3 N + 2 + o
H, duge diép luc hap thu 2H € 1/20,

Phan tng quang phan li nuéc trén 12 bi€n d6i hod hoc chu yéu trong chubi phan ing
goi 14 phan tng sdng cla qué trinh quang hop. Phan dng nay cung cép nang luong dé
tong hop ATP tir ADP va photphat vo co, cudi ciing chuyén cac ion H va electron cho
NADP (nicotinamit adenozin dinucleotit photphat) hinh thanh NADPH :

2H' +2¢+ NADP" —— NADPH + H'
G day, NADPH c6 chic nang nhu 12 chat mang hidro.

Khi cacbonic 12 nguyén liéu tho dugc sir dung trong loat phan ing hoan toan riéng
, biét goi 1a phan tng t6i hay phan tng tong hop clia qué trinh quang hop. Cic phan ng

nay khong yéu ciu tryc tiép dnh sdng nhung dung néng lugng tu ATP va NADPH dé téng
hop cacbohidrat. Hinh 11.3 12 so d6 t6m tat qua trinh quang hop. Phuong trinh chung cho
qua trinh quang hop dugc viét.nhu sau :

Phan iing séng :

H,0 —— 2H" + 2¢ + 120,
Phan tng t6i : '
6CO, + (24H" +24¢€) —— C¢H,04 + 6H,0

Phan @ng chung :
- 6COp +12H;0 —— CeH 06+ 6H,0 + 60,
Trong phuong trinh nay, nuéc vira 1a nguyén liéu vira la san pham. Diéu d6 dung theo
co ché quang hop. Nudc vira tao ra s& dugc quay vong bén trong ciy va yéu cau thuc véi
nude chi 1a mot nira.
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6H,0 6CO,

“ Duge tao ra

12H,0 nhd cac phan
una t5i
(24H" + 24e’) do
I»NADPH truyén

)

j Nang fugng Cac phan Céc phan
anh sang {ing sang (ng toi
ADP—] 6H,0
NADP
60, CoH1204

Hinh 11.3. So do t6m rdt qua trinh quang hop

11.2.3. Luc lap va quang hgp

Luc lap la bao quan thuc hi¢n qud trinh quang hop cua t€ bao cay xanh. Luc lap dugc
bao boc bang mot cap mang. Phan dich beén trong hay chat nén (stroma) cua luc lap ¢6
thém mot hé théng gém cdc xoang c¢6 dang tii goi la tylacoit. Cic tylacoit chong lén
nhau giéng nhu mot chong dong tién tao nén cau triic goi la gran. Céc gran lai noi véi
nhau bang cdc mang goi 1a cdc phién (lamenla) (hinh 11.4). Phan ting sang cla quang
hop hap thu nang luong mat troi nhd sic t6 cam quang nhu diép luc, carotenoit va
xantophyl. Céc sac t6 nay dugc ¢6 dinh trong mang tylacoit. Ngoai ra con céc thanh phan'
chuyén dién tir nhu xitocrom, plastoquinon, ferredoxin, cdc nguyén t6 kim loai Mn, Cu.
Khi ¢6 mot hat anh sdng (photon) ¢6 budc song thich hop dap vao phan tir chat sic t6 thi
mot di¢n tur s& bi kich thich va chuyén dén mot mitc nang lugng cao hon. Cudng do
quang hgp thay déi theo mau ctia 4nh sang. Trong cdc mang tylacoit, cdc phan tir diép luc
tap hop thanh timg cum gém vai tram phan tir. Méi cum nay duoc goi 1a mot phirc hé
anten, hap thu 4nh sang trén toan bo bé mat. Hinh 11.5 1a so dé van chuyén dién ti trong
luc lap. Theo so d6 nay, c¢6 thé thdy rang sau khi hép thu nang luong 4nh sang, dién tir di
theo 2 con dudng khédc nhau. Ca 2 con duong nay déu hé trg dé¢ bom H" vio xoang
tylacoit. O dong dién tir khong quay vong, 1€ bao dung nang luong dnh sang dé quang
phan li nugc, cung cap dién tir d€ chuyén dén diep luc va nang lén mic nang lugng cao
hon. H¢ thong quang nang Il (c6 budc séng hap thu la 680 nm) thuc hién phdn ung nay.
Céc dién tlr chuyén tir chdt mang nay dén chat mang ti€p sau theo mot chudi bao gém ca
h¢ thong quang nang I (c6 budc séng hap thu la 700 nm). O phan cu6i chuéi, enzim
NADP reductaza chuyén di¢n tir dén NADP" dé tao ra NADPH. Plastoquynon, plastoxianin
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Phién mang

o e |

B

Granum <

thylukoit

Photon Photon

Xitoerdm
phuc pf

o
Num ——{VI (acoit
tylacoit y
Hinh 11.4. Cdu tao ciia luc lap va qud trinh dién ra phdn iing sang
0ooa 14H*
Chat nén AN
Anh sér11_g o ADP+ P
rao doi (truyén 3H+
: - 2 NADPH PY:
~ 4] de t hg
Phirc hé anten dién ta H MOLATP) |
Quang phan . DONG DIEN TU KHONG QUAY VONG
linudc (O) +2H 2H*
l Y > 4H"
Quang hé i Phitc hé Quang hé | NADP reductaza ATP sinteaza

xitocrom bg-f
Xoang tylacoit Plastoquinon  Plastoxyanin ~ Ferredoxin

Hinh 11.5. Phdn itng séng ciia quang hop

va ferredoxin 12 cdc phan tir chat mang c6 chic nang hap thy dién tu va di chuyén ty do
bén trong mang cho dén khi gap chat mang khac cé kha ndang nhan dién . Su van dong
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nay tao co s¢ cho mot dong dién tir thi hai goi 1a dong dién tir quay vong. Ca 2 dong dién
th nay déu gidi phong nang lugng va nhém protein xitocrom goi 1a phic hé xitocrom bg-f
dung nang lugng nay dé bom ion H" qua mang. Nho vay tao nén gradien H', thiic day
tong hop ATP bang enzim ATP sinteaza.

11.2.4. Cac phdn ing t6i (phan ting téng hop)

Day la phan tng két hop cdc phan tir khi cacbonic va H' dé tao nén "kho" du trit
glixerandehit 3-photphat (G3P) dé tir day sé ti€n hanh t6ng hop ra nhiéu cic chat khac
nira. Qua trinh nay la do su chuyén cic nguyén tir hidro tt NADPH va cin nang luong
dudi dang ATP (hinh 11.6). Thanh phan hoé hoc cta luc lap rat phic tap : 75% 1a nuéc
con lai I1a cdc chat kho (trong dé cht yéu 1a chat hitu co chi€ém 70-72%, con lai 1a céc
chat khodng). Protein 1a thanh phan co béan trong chat hitu co (30-45%), lipit (20-40%).
Cac nguyen t6 khodng thudng gap trong luc lap 1a Fe, Zn, Cu, K, Mg, Mn. Trong luc lap
c6 chita nhiéu loai vitamin nhu A, D, K, E.

Khi cacbonic
NADPH [;\_] l/ Ribuloz
phosphat
ATP ':Q (5C) \Y
CO
{ nudc tao ra
"Kho™ dyf triy \ oap » »
: R Chu trinh Calvin
glixeraldehit | taicinh ribulpz At Ozflcc;axe“c
3-phosphat (3C) phosphat Axit phosphoenol
L ) NADPH piruvic (3C)
Axit
piruvic N =) /
AV4
Kho du trir
Ho hap , Fructozo 1,6 axit malic ATP
bisphosphat (6C) Axit
piruvic (3C)
AV.4
Giucozg NADP* '
(6C)
. CO,
ﬂ Cho cac phéan ng tSi
- clta quang hop
n[r:;{ tt;gt (chu trinh Calvin)
Hinh 11.6. So do qud trinh phdn itng 16i Hinh 11.7. So d6 qua trinh phan ing 161
vai "kho” duw trit la G3P VoI "kho" die trit la axit malic

Luc lap chia trén 30 loai enzim khac nhau. Nhitng enzim nay thu6c cdc nhém enzim
thuy phan, oxi hoa - khir. Do vay, c6 thé khang dinh rang luc lap la trung tam hoat dong
sinh hoc va hod hoc ma quéd trinh quang hop 1a mét trong nhitng qua trinh quan
trong nhat.
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Quia trinh thuc vat ¢6 dinh CO, dé tao san pham trung gian la hop chat 3C (G3P) con
dugc goi 1a chu trinh Calvin, dac trung cho cdc thuc vat on ddi. Con mot qua trinh nua,
thuc vat ¢6 dinh CO, bing cich két hop v6i phan tr 3C bat ngudn tr axit
photphoenolpiruvic dé cho axit malic ¢6 vai tro nhu 1a kho dy trir tam thoi CO; dé sau do
mé6i thuc hién chu trinh Calvin (hinh 11.7), dac trung cho thuc vat chiu kho nong vung
nhiét d6i. Cac loai cay nay, dién hinh nhu xuong réng, c6 16 khi déng vao ban ngay
nhung dugc md vao ban dém nén viéc ¢6 dinh CO, thanh axit malic dugc tién hanh vao
ban dém va sau dé duoc sir dung vao ban ngay. Do vay, ching c6 thé hoat dong hiéu qua
& nong do CO, rat thap va cudng do 4nh sdng rdt cao (nhiéu nang).

11.2.5. Chu trinh Crep (Krebs) (con goi la chu trinh axit xitric)

Chu trinh nay bién ddi axit piruvic nhan duogc tir qué trinh dudng phéan thanh phén tu
khi cacbonic va giai phéng n6 dudi dang san pham trung gian (hinh 11.8).

Thong qua chu trinh nay, phan tir glucozo bi oxi hod hoan toan dén CO,, H,O0 va gii
phéng toan bo nang lugng mot phan duéi dang hod néng trong phan th ATP va mot phan
& dang nhiét nang c6 tac dung gilt &m cho t& bao. Tir ATP ¢6 thé t6ng hop nén GTP, XTP,
UTP 1a nguén nang lugng cén thiét cho cdc qud trinh sinh téng hop cédc chat khac nhau
trong co thé.

Chu trinh Crep con tao ra nhiéu coenzim khir. Cdc coenzim nay ngoai val tro tao
thanh ATP con dung dé khi céc lien két doi, cdc nhom cacbonyl, nhém imin trong cac
phén ting can thiét cho t€ bao.

Chu trinh Crep con la nguén cacbon cho cic qua trinh sinh tong hop khéac nhau. Vi
du, axetyl-Coenzim A c6 thé ding dé tng hgp cdc axit béo, steroit, axetoaxetat hoac
axetylcolin. CO, dung dé tong hop ure, tong hop méi UMP va trong cic phan (ng
cacboxyl hod khac. Mot s6 xetoaxit trong chu trinh nhu o -xetoglutaric va oxaloaxetic
thudng 1a nguyén liéu dé tdng hop céc amin cla axit glutamic va aspactic.

Vi vay, chu trinh Crep chinh 12 mat xich lién hop, 1a diém giao nhau cta nhiéu con
dudng phan gidi va téng hop cdc chat khic nhau trong t€ bao, dong thdi la con dudng
chinh dé phan giai céc hop chat hitu co.

BANG TONG KET NANG LUONG CUA CHU TRINH CREP

Giai doan phan (ng Coenzim kht tao thanh ATP tao thanh
Isoxitric — Oxalosucxinic NADPH + H' 3
a-xetoglutaric — Xucxinyl-CoA NADH+ H* 3
Sucxinic -» fumaric FADH, 2
Malic — oxaloaxetic NADH+ H* 3
oxi hoa xucxiny! - CoA. 1
Téng coéng cé chu trinh 12
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Phuong trinh tong quét cho chu trinh Crep :
CH;CO-SCoA + 3NAD" + FAD + GDP + P + 2H,0 ——»
2CO, +3NADH,+ FADH, + GTP + HS-CoA

Alanin

U » Axit photpho~enol-piruvic
- Cystein

4
. I ‘ Serin (glixin)
187 e A H;C—C—COOH
P «  NO Axit piruvic
‘12 11 ;\1\~ co, . —— Axit béo
. U | I »| Steroit
. » [/ HC—C—S=CoA...-""
Axit oxalo-axetic .
Cop T T COOH  AxebFCoA COOH , . .
4/ | H,0 I Axit xitric (Cg)
< ......... - i: : HOOC—CH2~(I:———OH
f CoA-SH 1
“ 8 |ﬁ?—~« c,:Hz H,0
NADH+H* 2
b COOH COOH
Axit malic | NAD ?OOH
A S HOOC ——CH,—C—OH
I Axit cis-aconitic (Cg)
('ZH
COOH
H,0
Y C e
Axit fumaric || He théng HOOC —CH,—CH Axit isoxitric (Cg)
© (Cy) vag_gm?/en ,_,_>NAD+ hoac NADP*H__é__OH
COOH nlend g
) FADHy .7 ™ . NADH + H* hosic COOH
FAD = =77 NADPH + H*
COOH '-
[ N A’D+ NADﬂ COOH
Axit sucxinic (|:H2 Vi HOOC——CH,—CH
(Cs) cI:H2 9 é__ o |Axitaxalo-sucxinic (Cg)
COOLCOASH \Li At Soon
_. 5 lipoic  lipoic
) GT Pv (SH)z S-S
ADP. ClJOOH 3
ATP Ch ¢==0
N _ CO-S-CoA CQCH
Sucxinil coenzim  w. i ;
(C) . . Axit glutamic
4 Axit (Cs) Prolin

a-xetoglutaric

CoA-SH

. Arginin
Histidin

Hinh 11.8. Chu trinh Crep
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11.2.6. Chudi hé hap

Cda chat
Cd chat oxi hoa

\V ) L
/ \ : 0,32V
NAD NADH

ATP ADP + P,
I
Flavoprotein-H, Flavoprotein -0,05V
Coenzim Q oenzim Q-H, ov
2H*
2 xitocrom b(Fe?*) 2 xitocrom b(Fe®") —
+0,04V
ADP + P, ATP
2 xitocrom ¢, (Fe*") 2 xifocrom ¢, (Fe?*) + 0,23V I
2 xitocrom ¢ Fe2+) 2 xitocrom ¢ (Fe3+) + 0,26V ___|
2 xitocrom a (Fe™") 2)xitocrom a (Fe?*) + 0,20V —
ATP ADP + P,
2 xitocrom-oxidazo (Fe?* 2 xitocrom-oxidazo (Fe®") + 0,55V | 11
1/2 0, H,0 + 0,81V

Hinh 11.9. Chudi hé hap

Trong t€ bao, oxi la chat oxi hod van nang con cdc phéan tlf hitu co khac nhau doéng
vai trd chat cho dién tit. Tuy nhién, dién tir va ion hidro clia phan tir co chéat khong
chuyén truc ti€p cho oxi khong khi ma duge chuyén din qua mot chudi phic tap nhicu
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mat xich, bao géom cdc hé enzim oxi hod khir, ¢6 thé nang oxi hoa khir nam trong khoang
gilta th€ nang oxi hod khir clia co chat va oxi. Cdc hé enzim nay duogc sap dat theo trat tu
tang dan the¢ nang oxi hod khir tao thanh mot chudi, goi la chudi ho hdp hay chuéi van
chuyén dién tir. Vai trd ctia chudi nay la oxi hod timg bac hidro ctia co chat cho dén nudc.
Phuong trinh tong quat ctia chuéi ho hap :
NADH, + O, + 3ADP + 3P ——— NAD" + H,O + 3ATP

C6 the t6m tit qud trinh ho hap hiéu khi dsi véi mot phén tir dudng dé giai phéng

nang lugng nhu sau (hinh 11.10) :

CeH120g 60,
Glucozag - oxi
2ATP
Puong phan
—— > 2 NADH A0
1/[ Su truyén hidro
2C4H,0,
Axit piruvic *3ATP 30! A]TP
{} » x2 ATP 4 ATP
Axetyl-CoA:_—’_| >i 2 NADH
6 NADH
Chu trinh
axit xitric 2 FADH
2ATP 38 ATP
6H,0 . Nang xuat thu .
29 . —] 12H,0 dugc khi phan gii
Dugc st dung Puoc hoan toan mot
trong chu trinh Ty phan tr glucozo
axit xitric giai phong
6CO,
L "> khi 8H,0
cacbonic : . nuoc

Hinh 11.10. Tém tdt hé hdp hiéu khi

Khi oxi hod hoan toan mot phan tir gam duong glucozo s& cho mot ning luong 686 kcal
hay 2870 kJ nhung dé téng hop ATP tir ADP cén tiéu t6n nang luong 8-10 kcal hay 31kJ.
Nhu vy, n€u toan bo nang luong niy dugc ding dé téng hop hoan toan 1a ATP thi s& thu
dugc 686/9 gan tuong dwong 76 mol ATP. Nhung thuc t€ chi tao ra 38 mol ATP chiém
50% nang lugng. Vay con lai 50% nang lugng duoc giai phéng dudi dang nhiét nang.

11.2.7. Tiéu thu ning lugng
D¢ thuc hién nhiéu qua trinh s6ng nhu qu4 trinh tdng hop cdc chat phan tir 16n tir cdc
chat don gian, van chuyén chat qua mang t&€ bao, cic qud trinh van dong,... luén doi hoi
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nang lugng tu do. Nang lugng nay nhan dugc tir qud trinh oxi hod cac chdt cta thic an va
tir 4nh sang. Trong hé thong song can 6 céc chat, cac h¢ thong nhan nang lugng tu do tir
qué trinh nay chuyén dén cho cdc qua trinh khac. ATP la chat pho bi€n giilf vai tro nay.
D6 1a chat gii vai trd trung tam trong trao doi nang luong & t& bao cua co thé sdng, la
mat xich lién hop gifta cac phan umg thu nang lugng va phan tng giai phong nang luong.

ATP + H,0 <> ADP + H3PO, AG® = -7 kecal/mol
ATP + H,0 < AMP +H,P,0;  AG® = - 38,5 kcal/mol
Tiép tuc thuy phan lién két este cha AMP dé tao thanh adenozin va photphat vo co
(P,), nang lugng tu do dugc gidi phéng clia phan tng nay thap hon nhiéu.
So dé duéi day cho thdy mdi lien quan gifta cac qué trinh tiéu thy nang lugng vdi cac
qua trinh san sinh nang luong :
Céc qua trinh san sinh nang luong Céc qua trinh tiéu thu nang lugng
AG®° < 0 AG® > 0
ATP p

Quang hop Sinh téng hop cac chat khac nhau

—— Oxi hoa saccarit
——— Oxi hoa axit béo

—— Hoat hoa cac chat

—— Oxi hoa aminoaxit —— Hut va van chuyén tich cuc

— = Co co

- Sinh dién

l—» Chu trinh Krep va chudi

van chuyén dién tl ’:" ADP

Ngoai ATP ra con céc nucleozit triphotphat khéc c6 val trd quan trong. trong qua
trinh sinh tdng hop cdc chat trong t€ bao. Vi du, UTP cdn cho qua trinh téng hop
polisaccarit, XTP can cho tdng hgp photpholipit, GTP can cho téng hop protein,...

Trong co thé ciing c¢6 cdc enzim Xiic téc cho céc qua trinh chuyén hoa tuong hé nay.
Vidu:

ATP + AMP < ADP+ ADP
ATP + GDP <> ADP + GTP
ATP + GMP <> ADP + GDP
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Chuong 12
TRAO DOl GLUXIT

12.1. PHAN GIAI GLUXIT

12.1.1. Phén giai polisaccarit va disaccarit
Phan giai polisaccarit va disaccarit thuc hién theo 2 cich : thuy phan va photphoryl phan.
a) Thuy phdn : Du6i tic dung ctia nhiéu enzim
polisaccarit —— oligosaccarit ——» monosaccarit
Tinh bot, glicogen ——— dextrin ——» mantozo —— - glucozo
Vi du : Tinh bot bi thuy phan nhér cic enzim a-amylaza, B-amylaza va y-amylaza
(glucoamylaza).

b) Phoiphoryl phdn : Duéi tic dung cua enzim Photphorylaza chi tac dung vao lién
ket 1-4 '

Photphorylaza

[glucoz]n + P, . ’ [glucoz], _, + glucozg — 1 —®
CH,OH CH,OH CH,OH

0] O O
OH OH OH ‘J

1
OH o— 0] 0O
OH : OH OH

i
|
!
H, PO, _?' OH l Photphorylaza
]
[}

CH,OH ‘ CH,OH CH,OH
o o) 0

OH + ] % OH OH J
OH OH OH

Glucozo -1-photphat

12.1.2. Su oxi hoa monosaccarit

12.1.2.1. Qud trinh phén gidi ki khi

1. Hoat hod nho cdc enzim

a) Enzim photpho-gluco-kinaza chuyén 1 goc photphat tir ATP sang, tao thanh
glucozo- 6- photphat 1a dang hoat dong c6 thé tham gia vao phéan tng
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CH,OH
ATP ADP
(@)
OH
OH OH Mg++
OH
Glucozo

b) Enzim isorﬁeraza chuyén sang dang déng phan

CH,0OPO3H,
o)
OH -~ —
OH OH
OH

Glucozo -6 -photphat

c¢) Enzim photphofructokinaza

CH,0 -(P)

ATP ADP
O CH,OH

; NN

OH

-

OH

Fructozo -6 -photphat

2. Cdt mach nho enzim triozphotphatisomeraza

cH,oH~P)

OH

O

OH OH
CH
Glucozg -6-photphat

cH0 ~(P)
O« CH,0H
0

OH
OH

Fructoza -6-photphat

cH,0—~(P)  CHoH~(P)

0

OH
OH
OH

Fructozg -1,6-diphotphat

(IZHZO——®' Bihidroxiaxeton —(P)

— c=o
cho «P)  ch0—(P) .
O R 2
e H\ =0
|
OH L~ H—C—OH

21.CSHOA SINH.A

g

—~—ed

Triozo-photphat-
isomeraza

|
CH,0—(P)  Glixerandehit3 ~(P)
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3. Oxi hod

RN
N ?_O‘@
H—& — o + NAD* + P, *——= H—C—OH * NADH + W'

| |
CH20_® CH,0
Axit 1,3 di glixeric

H—C —OCH

| M [
CHZO@ 9 CH,0
Axit 1,3 di @ glixeric Axit 3 @ glixeric

4. Su tao thanh axit piruvic (hinh 12.1)

o .
\S .
\?_O@ ADP ATP T_O
M H—C-—OH
++

0o 0 0]
Nc—0H A\ N

C—OH C—OH
Photphoglixeranmutaza

| | Enolaza | |
H—(l;—OH - > H—C—O0 _@ - ﬁ_o _@ ‘
| |
- Hzo-@ CH,OH CH, |

Axit 3@ glixertic Axit 2@ Axit photphoenolpiruvic

ADP
Piruvatkinaza C
~ ATP
Q o)
\\fIJ—OH Nc—oH
- . |
‘C =0 = ﬁ —OH
Dang xeto Axit piruvic Dang enol :

Hinh 12.1. So dé tao thanh axit piruvic

5. Su chuyén hod tiép tuc axit piruvic thanh cdc sdn phdm cudi cing
Tir axit piruvic, tuy thuoc médi co thé, médi diéu kién, c6 thé chuyén hod thanh cic san
pham khédc nhau. '
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a) Su tao thanh axit lactic :
Phan tng xay ra trong mo co thé dong vat thi tao thanh axit L- lactic, con trong qua
trinh 1én men do cac vi sinh vat gay ra (lén men sita chua, mudi dua, ca,...) thi tao thanh

axit D-lactic. o o
\cl; —OH Lactat dehidrogenaza \\(l; —OH
?=O ; : H— ?——(
CH, NADH + H* NAD* CH,4
Axit piruvic Axit lactic

Phan tng téng quat phan giai tir glucozo dén axit lactic :
C¢H,,04 + 2ADP + 2H;PO, — 2CH;CH,(OH)COOH + 2ATP + 2H,0

b) Su 1én men rugu :
Mot s6 vi sinh vat khdc, vi du nhu ndm men lai c6 khéa nang bién doi axit piruvic
thanh ruou etylic. Qud trinh ndy cdn enzim xuc tdc la piruvat-decacboxylaza c6 coenzim
la tiamin-pirophotphat (chtta vitamin B1) va Zn**.

) H /O .
C—OH  pjyvatdecacboxylaza \C/ Ancoldehidrogennaza (I;HZOH
|

I . ﬁ»
CI=O ’w o CH3 CH3

CH, CO, NADH + H* NAD*

Axit piruvic Axetandehit Etanol
Phan wing téng quat phan giai tir glucozo dén etanol :
C¢H,,06 + 2ADP + 2H;PO, — 2C,HsOH + 2CO, + 2ATP + 2H,0

¢) Su tao thanh a - glixerophotphat va glixerin :
Su lén men glucozo bing ndm men ludn k&m theo tao thanh mot lugng nho glixerin.

CH,OH CH,OH
| o-glixerophotphatdehidrogenaza
=0 e - g
CH20—'® CHzo
H,O )
Dihidroxiaxeton—@ 2 L-a-glixerophotphat
PV
ICHon
HO— (ll —H
CH,OH
Glixerin
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Nhu vay, ¢6 the khdi quét hod qua trinh dudng phan, qud trinh tiéu thu va giai phéng

nang luong bang so dé trén hinh 12.2.

PHA DAU TU NANG LUONG

H OH
OH H
7
2 Cll—H
HC—OH

HZ(IJ—-O®

PHA PHAT SINH NANG LUONG

Hinh 12.2. So' d6 dicong phdn va qud trinh tiéu thu, gidi phong ndng hicong ‘ |

164

Glucozo

Fructozo-
1,8 diphotphat

Phan img 1-3 :
Hoat hoa bang
photphoryl hoa
dau tu 2ATP

Phanimg4vas:

Tach 1 phan tor

photphat dudng 6 cacbon
thanh 2 phan t

photphat duong 3 cacbon

Glixerandehit
3-photphat

m Dihidroxiaxeton
photphat

H2C|:—O® :
C=0

|

&

» 2 NADH

1,3-diphotpho-
glixerat

3-photpho-
glixerat

Photphoenol
piruvat

Piruvat’

Phan (mg 6 :
Tao 2 NADH va mét
hop chét ¢ nang luong cao

Phanimg 7 :
Photphoryl hoa
cac mitc chat nén
tao thanh 2 ATP

Phan img 8 va9:
Tao hgp chat ¢
nang lugng cac
(va nudc)

Phan tmg 10 :
Photphoryi hoa mitc
chét nén tao thanh 2 ATP
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12.1.2.2. Qud trinh phdn gidi hiéu khi
Qua trinh nay thuc hién sy oxi hod hoan toan.
a) Qud trinh phan doi (xem phan trén) va ti€p tuc véi chu trinh Crep (xem chu trinh

Crep), c6 phuong trinh téng quét :
C¢H,,0 + ATP + TH,0 + 12NADP — 6CO, + ADP + H3PO, + 12(NADPH + H")

b) Qud trinh tich timg phan (su oxi hod truc ti€p glucozo- chu trinh pentozo-
photphat) :

Céc phan tng cu thé gém hai giai doan : Oxi hod hexozo-photphat va tdi tao hexozo-
photphat.

- Giai doan oxi hod hexo-photphat : Glucozo- 6-photphat 12 chit dau tién gia nhap
vao chu trinh, cudi cing chuyén thanh D-ribulozo-53-photpho va gidi phéng mot phan ti
CO, va 2(NADPH+H"). So d6 qué4 trinh nhu hinh 12.3

COOH

I
H—C —OH

(o) l HO —-C H
OH =0 H ——c —OH

I
NADP* NADPH +H" OH OH H—C —OH

I
. bo-®
D - glucozo - 6 @ 6@ gluco - & - lacton Axit 6-@-gluconic

COOH

freon ! NADP*

| H—C —OH

= |

- NADPH + H*

H— C —OH ¢=OH |

| ; H—C —OH
H— C —OH CO, |

H—C —OH

|
ch0—(P)
D - ribulozo -5 @ Axit 3 - xeto - 6 @gluconic

Hinh 12.3. So dé oxi hod glucozo-6-photphat thanh ribulozo-5-photphat

- Giai doan tai tao hexozo-photphat :
Budc 1. Su déng phan hoa clia D-ribulozo-5-photphat dugc thé hién trén hinh 12.4.
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H— C —OH
l

H— C —OH

H— C —OH

C'3H20—®
D - ribozg - 5 @

Hinh

CIIH20—®
D - ribulozo - 6 -@

12.4. Pong phan hod ciia D-ribulozo-5 -photphat thanh ribozo-5 -photpho v

CH,0H CH,0OH
Photphoribozg c=0 Photphoxetopentozo C=0
isomeraza OH isomeraza Cl: H
H— (IZ — - HO |
H— C —OH H—C —OH

(,JHZO —P)
D - xituiozo - 5—(P)

a xillozo-5-photpho

Budce 2. Su bién déi tuong hé gifta cac pento-photpho va hexo-photpho.

(,)HZOH
o
HO—?—H +

H—C—0OH

D-xilulozo -5
CH,0OH
e=o

HO—-(IZ— H

H —C')— OH
H _ICI — OH

H—C—OH
l
é0-(7)
Xedoheptulozo—?@

('3”20"'
C=0
HO—-C—-H +

l
H— C—OH

I
0
D-xilulozo—5@

C,:H2O@
@ .

(|3H20H
7=°
H
NP Ho—lc— H
|
H—C— OH Hic=0 H—C —OH
Chuyén xetol |
H—C— OH ~—— H—(C—0OH + H—CIJ—OH
|
H—C— OH CHZO—@ H—C —OH

l
CHZO@
D-ribozg -5@

N

Chuyén aldol H—

H

Glixerandehit -3@

Eritrozd-4®

(IBHZO—@

Glixerandehit -3@ Xedoheptulozo—?@

CH,OH
¢’ é=o
CIJ—OH HO—(IZ— H
(ID—OH * H—-(ll— OH
CIIHZO ‘® H—C— OH

I
CH20 @
Fructozo -6@

ICHZOH
C=0
"N A I
| H\ o0 HO——IC—H
H—C—OH 2
Chuyén xetol | + —_—C—
nyen xet H— C—OH H (|3 OH
H—C—OH I H—C—OH
| CHZO@
CH’zo

E ritrozd|—4@

I
oD

Glixerandehit-3 @ Fructozo-6 @
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Tu cac phuong trinh phan dng trén, c6 thé téng quat lai nhu sau :

5C +5C - Shuwenxewol 304 g¢ (1)

7C +3C  Shuyénaldol 4o L6C (2)

5C +4C - Shwénxewl 3¢ 6c 3)
Cong 3 phuong trinh (1), (2) va (3), tacé :

5C +5C + 5C <> 6C + 6C + 3C @)

Trong qua trinh duong phan ta da biét :

3C + 3C Andol hod 6C

Do dé, néu nhan 2 vé€ clia phuong trinh (4) véi 2, ta c6 thé viét :

6(5C) «> 5(6C)

Nhu vay, di€u nay c¢6 nghia la cit 6 phan tir glucozo-6-photphat tham gia vao chu
trinh thi 5 phén tir lai dugc tai tao trg lai, con mot phan tir coi nhu bi oxi hod hoan toan
dén CO, va tao thanh 12 coenzim khit (NADPH + H")

Phuong trinh t6ng quét cla chu trinh :

6 glucozo-6-photphat + 12NADP" ———»
5 glucozo-6-photphat + 6CO, +P, +12(NADPH + H")
hay riit gon cho mot phan t glucozo :
glucozo-6-photphat+12NADP" ————»
6CO, + P, +12(NADPH + H")

Vé mat nang lugng, c6 thé tinh todn nhu sau :

Chu trinh nay sinh ra duoc 12 (NADPH + H"), néu toan bo hidro dugc chuyén qua hé
thong van chuyén dién ti, sé tao ra dugc 36ATP (3x12=36). Do can 1ATP dé photphoryl
hoa glucozo ban diu thanh glucozo-6-photphat, nén con lai 35ATP. Nhu vay, it hon
3ATP so véi con dudng phan doi (38 ATP) nhung vén hon han mic nang lugng do su
phan giai glucozo trong di€u kién ki khi (2 ATP)

Y nghia clia chu trinh pentozo-photphat :

1. Chu trinh s& cung cdp cdc pento-photphat 1a nguyén liéu cin thi€t cho su sinh tdng
hop nucleotit, tham gia trong thanh phan c4u tao cua cdc coenzim .

2. Cung cap NADPH cén thiét cho cdc phan tng khéc nhau, nhat 12 trong sy téng hop
axit béo va steroit. Khi bi oxi hod né s& tao mot luong dang ké ATP.

3. Chu trinh cho phép c6 thé quang hgp dé tdng hgp dugc céc saccarit va cdc hgp chat

hitu co khéc tir CO,.

12.2. TONG HOP GLUXIT

12.2.1. Téng hgp saccarit don gian
Qua trinh quang hogp : (Xem phéan trudc)
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12.2.2. Téng hop oligosaccarit
1. Glucozo-1-photphat + Fructozo —Sccaozgluconlmanspherass g, ccarozg + H,PO,

2. Uridin-diphotphat-glucozo + Fructozo ——> Uridin-diphotphat + Saccarozo

Uridin-diphotphat-glucozo 1a mot dan xuat nucleotit cia dudng, né rat hoat dong.

12.2.3. Téng hop polisaccarit
Vi du t6ng hgp glicogen :
Hoat hoa :
G+ ATP —— G-6-P + ADP
G-6-P —— G-1-P
G-1-P + UTP —— UDP-G* + PP
Toéng hop :
UDP-G* + Glicogen, —— Glicogen, ,; + UDP
Tadi sinh :
UDP + ATP —— UTP + ADP
' PP —— 2P,

g oo ;
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Chuong 13
TRAO DOI LIPIT

13.1. PHAN GIAI LIPIT
13.1.1. Sy thuy phén lipit don

Do tic dung ctia enzim lipaza c6 sdn trong co thé dong vat va thuc vat. O nhitng hat
¢6 ddu ham luong lipaza tang cao khi ndy mam. O dong vat, phan ng thuy phan xay ra
nhanh hon nh& qua trinh nhii hod clia cac axit mat.

H,COOCR H,COH

HCOOCR  + 3H,0 - > HCOH + 3RCOOH

| |

H,COOCR H,COH

13.1.2. Su thuy phan lipit tap

Vi du, photphatit ¢6 5 enzim tham gia thuy phan céc lién két A, B, C va D. Déng chu
y la trong noc ran c6 loai enzim nay, né dugc hoat hoa khi c6 Ca**. Vi vay, khi bi ran
can, noc ran sé gay hoai huyét rat manh.

AL A
R1 C —_— OCH2
L B |
74
R,C —=——— OCH 0 CH,
| C “ D +
I
o} CHs

13.1.3. Su phan giai glixerin

Nh¢ enzim glixerin kinaza xiic tdc, glixerin bién thanh glixerin-3-photphat, sau do bi
‘oxi hod tiép thanh glixerandehit-3-photphat. Glixerandehit-3-photphat ti€p tuc chuyén
hoé theo 2 con dudng : hoac bi oxi hoa trong chu trinh Crep dé bién hoan toan thanh
CO,, H,0 va giai phéng nang luong, hoac bang phan tng tdng hop dé tao nén saccarit.
Céc phan tng dién ra nhu sau :
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CH,OH CH,OH CHO
l

I I
CHOH ; : CHOH ; : CHOH
l I + + ’
ATP ADP NAD NADH + H
CH,OH CH,0 —@ CH,O —@
Glixerin Glixerin-3® Glixerandehit-3@

CHO CH,OH

-—
CHOH

C=0

| |
CH,0 —® ‘, CH,0 —@
GIixerandehit—S@ @ dioxiaxeton
er0-2)
CHO |

[ CH,OH C=0

?HOH + (|:=o HO —C —H

|
bo-® 20 —ro

H—cCc—HO
Glixerandehit—s@ @ dioxiaxeton |
CH,0

Fructozo -1,6 di @
13.1.4. Su oxi hoa axit béo
1. Hoat hod axit béo
O O
V7, . < OH
rR—c” } R— ¢ |
\OH PP O~ P — ribozd -adenin
Axit béo g Axyl AMP
CoA-SH
(I)H (l)H (')H (
HO—P—O0— P — O — p —ribozg - adenin AMP
I I ] o)
4
o o 0 R—c
ATP S—CoA
Axyl - coenzim A
2. Fhan giat 5 cua axit beo

Phuong trinh téng quit :

CH;3-(CH,),-CO-S-CoA + FAD + NAD' + CoA-SH —

CH3-(CH,), ,-CO-5-CoA + FADH, + NADH + H' + Axetyl- CoA
Xem so d6 clia cdc phan tng dién ra (hinh 13.1) :
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O

' =~
CH;~—(CHj)4y— CH,— CH, — CH,—C N
: S — CoA
C,g axyl - CoA
FAD
Déhidro hoa <
FADH,
H
| e
| S —CoA
H
Trans -A2 Enonyl-CoA
Hidrat hoa / ho
H
| °
CH3 - (CH2)11 CH2 hamnd C b CHZ— C
| S — CoA
OH
L-3-Hidroxiaxyl-CoA
NAD*
béhidro hoa <
NADH,
0]
I A°
CHy — (CHyp)yy—CHy — C — CH,— C\
S —CoA

3-Xetoaxyl-CoA

CoA-SH
E‘ Thio phan
(@]
I 0
CHz—(CHy)yy— CHy — C —S — CoA + CH;— C\
S — CoA
Cq4 axyFCoA Axetyl-CoA

Quay tré lai 6 13n nita

0]
V4
<7 CH3 —C 7
S —CoA
Axetyl-CoA

Hinh 13.1. So dé ciia qua trinh phdn gidi f ctia axit béo 171
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Vidu : phan giai B d6i v6i axit stearic duoc thé hién trén hinh 13.2.

Axit stearic

l

Stearyl-CoA(C.g)

aH )

/C\)é?\tyé—ISOA Palmityl-CoA(Cyg)
4H
tyl-CoA
/C\)(()i—ySH ° Miristyl-CoA(C,4)
4H
Axetyl-CoA
CoA-ySH Lauryl-CoA(Cy5)
4H |\ sSFAD—>
Axetyl-CoA 8FADH,
COA'SH CapW"COA(Cm) 8NAD+
9 axetyl-CoA ‘ N R +
8(NADH + H*)
éﬁityéﬁOA Caprilyl-CoA(Cg)
4H
Axetyl-CoA
COA}(SH Caproyl-CoA(Cg)
’ 4H
Axetyl-CoA {
CoA-ySH Butyryl-CoA(C,)
’ 4H j
Axetyl-CoA Axetyl—CoA(Cz)
\COA‘SH

Hinh 13.2. Phan gidi B hoan toan ciia mét phdn ni axit stearic
Tong két nang luong clia qu4 trinh phan giai B cta axit béo :

Mot vong xoén cua qué trinh phan huy tao ra dugc 1FADH, tuong duong 2ATP
va INADH tuong duong 3ATP, téng cong SATP. Nhu vay, ¢6 nghia 1a tach 2 cacbon
ra khoi phan tr axit béo tao ra dugc SATP. Mot phan tir axit béo ¢6 n s6 nguyeén ti
cacbon v6i n chén thi s6 vong xoén nay 1a (n/2)-1 va sinh ra n/2 phan tu axetyl-CoA.
Mot phan tir axetyl-CoA di vao vong Crep s€ tao ra dugc 12 ATP. Hoat ho4 axit béo
lic dau can 1ATP. Vay toan bo nang luong dugc giai phong ra khi phan giai B cla
axit béo sé 1a ;

Nang luong (tinh bing ATP) : 5(3 - 1) + 12-"2— -1

[\
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3. Phdn gidi o ciia axit béo (axit béo c6 sé cachon I€)

Ciing phan giai nhu trudng hop B cua axit béo. Tuy nhién, dén trude vong phan
gial cudi cling con lai 5 nguyén tir cacbon. Ti€p tuc vong phan gial nay ta dugc mot
axetyl-CoA va propionyl-CoA. Nh& enzim propionyl-CoA-cacboxylaza dong thoi
¢6 su tham gia cua biotin vd ATP s& tao ra metyl-malonyl-CoA. Nh& xic tac cua
mot enzim dong phan la metyl-malonyl-CoA-mutaza (c¢6 coenzim dang cobamit,
din xuét ctia vitamin B12) sé tao ra xucxinyl-CoA 13 san pham trung gian trong chu

trinh Crep

O 0

I Cacbonyl hoa J

s> HOOC— CH—C—S —CoA
|

Propionyl - CoA CHj;

CHy— CH, — C —S — CoA

Metyl malony! - CoA dong phan hoa

O

I

HOOC— CH,— CH, — C—8 — CoA

Sucxinyl - CoA

4. Phadn gidi cia axit béo khong no

Vi du : axit oleic duge hoat hoé thanh oleyl-CoA. Sau dé trai qua 3 vong xo0an cula
qua trinh phan gidi B, tao nén 3 phan tir axetyl-CoA va 1 phan tir axyl-CoA chya 1 lién
két doi gifta vi tri B va y do d6 c6 cdu hinh cis. Nho mot phan ng déng phan hod, lién két
doi chuyén sang vi tri o va B, nén c6 cdu hinh trans. Qua trinh phan giai  lai ti€p tuc.
Trudng hop axit béo c6 2 ndi doi, vi du axit linoleic (hinh 13.3). Qua 3 vOng x0an cia
qué trinh phan giai B giong nhu ddi véi axit oleic ta thu duge Cy, axyl-CoA véi 2 cap noi
do6i ¢ C; — C, va & C4 — C;. Dong phan hod néi doi sang C, - C, v6i dang cis thanh trans.
Ti€p tuc mot vong xoan cua qud trinh phan gidi B ta thu duge Cyo enoyl-CoA c6 ndi doi o
C, ~ Cs. Nho ezim oxi hod Axyl-CoA dehidro genaza xudt hién thém noi doi & C, - Cs.
NADPH di khir ho cho san phdm & dang cis v6i mot ndi doi 6 C; — Cy. Tiép tuc dong
phan hod cho dang trans v6i mot ndi doi 6 C; — G, Cusi cing qua 4 vong x0an cla qud

trinh phan giai B cho céc axetyl-CoA.
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O

AN \/\/\/\/C“‘S

18 : 2cA9,12

CoA

Linoleyl - CoA
3 vong clia phan gidi p

. ///\\\///“\\v//ZZZ::E\\V//ﬁ:::::i\\V//Cb/“S CoA | 18 :2cA3,6
5 .

12

Enoyl-CoA isomeraza l

7 6 2

12 CoA 18 : 2tA2,cAB

1 vong cuia phan giai B l -

. 5 4 -

10/\/\/__\/\0\/13 ——CoA 10 1cAd
FAD l '
Axyl - CoA dehidrogenaza Ky 0
| FADH,.
o 5 4 2
W =\ / Cug

10 3 -
' o

) ' +
~ 2,4-Dienoyl - CoA reductaza k NAPPH +H
' NADP* .

10 : 1tcA2,cA4

CoA

5 2 PR h
/\/W—/\Cws——-cm . 10:1ca3

10 4
- |I

Enoyl - CoA isomeraza l

=CoA ' q0:11A2

4vbngcuaphang|€u[3 l o
‘ Axetyl COA

[

Hink' 13.3. St phan gidi  ciia mot axit béo khong no c6 2 n6i doi

e
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5. Phdn gidi cua axit béo mach nhdanh
Vi du : axit a-metyl-butyric (hinh 13.4)

Peaminaza
hoac
Transaminaza

H3C—CHz.CH-CH-COOH HyC— CH2 CH—C—COOH

CH3NH, - ‘ CH3 CoA-SH
Isoleuxin
0 ecacboxyl
_.» Sinh téng hop lipit oxi hoa
——» H3C—C—S5—CoA ----- > Hop chat xeton H3C—CH;. CH-C—S—CoA
Axetvi-CoA "™ Chu trinh Crep
ty CH3O

a-MetyI-butyryl—coenzumA

)
Thio phan ” o ehidrogennaza
, — | (H:C—CHz.C—S —CoA ------------ #Xucxinylt-CoA FADHzi 9

CoA-8H| Propionyl-CoA :

\
N,
s,

10 . ‘ V4
A Téng hgp méi glucozo  Chu tnnh Crep HsC—CH=G—C —S — CoA

HzC—C—CHz.C —S—CoA
' Y

CH;0
NADH + H* :
NAD

- CH O H3C —CH-CH-C—S— CoA

OH CH,0

Dehidrogennaza Hi drataza

Hinh I 3.4. S0 do sy phan gtat ciia a-metyl-butyryl-CoA (axit beo mach nhdnh)

13.2. TONG HOP LIPIT

13. 2 1 Téng hop axit béo no

Con dudng chinh yéu dé téng hop axit béo no trong co the s()ng bat ddu bing su
ngung tu cua malonyl CoA va axetyl- CoA (hinh 13 5, 6,7) | :

13. 2 2. Téng hop axit beo khéng no -

- C6 hai h¢ théng enzim Xic téc tao thanh axit béo khéng no trong hé thfing hi€u khi
va k1 khi. -~ . - -

¢ he thong higu khi cho phep téng hop céc axit béo khong no mach dal C6 mot lién
ket doi dugc dua vao gma cacbon 9 va 10 cia axit panmitic (Cyg, A %) va stearic (Cs
A’ ). Pac diém clia hé enzim xic téc qud trinh nay la cdn'c6 oxi phan tir'va mot coenzim
_khit (NADPH -+ H") tham gia.

O h¢ théng ki khi, cdc.axit béo no duoc téng ho‘p nho phu'c hé enzim téng hdp vOi sy
fblén déinhusau: . - |
Sl B-hldrOxlax;yl-ACP (cé 10 nguyén tir cacbon) bx khu hldrat de cho ra dcmg thm mot o
=B dehldroaxyl ACP (Cyy, A? )vé mot B -y dehldroaxyl P,.A (Cyo, A%). Chi'cé chatddu
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bi khir bdi NADH + H', tao ra axit beo no, con & chit sau xay ra sy chuyen ché lién két
d6i va su kéo dai m6i mach cacbon, két qua tao thanh axit béo khong no.

CH3-CO |—S——CoA

CO, )
. ATP Axétyl-CoA ACP-SH
ADP™ P,
CoA-SH
COOH— CH,-CO |—S— CoA _
Malony-CoA , ‘ CHyCO [=S——ACP
ACP-SH ’ » Axetyl-ACP
Yy 'CoA-SH
COOH — CH,-CO |—S —ACP '
CH3-CO-CH,-CO}— S—— ACP
Malonyl-ACP
CO;  Axeto-axetylACP
.» Kéo dai mach :
"""" ' NADPH +H*
H3C——‘-—CH2 CH,~CO—S8 —ACP _
ButirylF-ACP_ - "‘ : NADP*
OH
NADP*
H3C—— CH—CH, - CO—S——ACP
NADPH + H* , D-B-hidroxi-butiryl-ACP
HyC—CH=CH—CO—s— ACP &~/
Crotonyl-ACP _ 2
Hinh 13§ Sev dA sir tan thanh mat vano eiia avit hén
I : o9
c. 0 J
7N | c —
HN NH CH;  O(-)-C—NH \NH ST
| | § : I I N-cacboxi-biotinyl-
H(I)—-——CIZH CO. ATP HE CH apoenzim
H,C — ~NH- __l S I >
2 \ /CH (CH2.)4 CO-NH~(CH,), C|>H ADP P, Hzc\, / —(CHa)s— — lizin
. o Lizin S ) o =
| H3C—-C-——S---COA
/ etyl—CoA
i [
O(—)-—C——HZC——-C--—S-—COA AR
4 ) T : Malonyl—CoA » ' ,
. Hinh 136. So’ dé s tao thanh maldnyl nhé 6 dinh COZ T LT -
' Ghi chi : Chir vr&t it ACP cé nghxa 1a proteln VAn chuyén axyl (uéng Anh Acyl Carner .
,ﬁotem ACP). T SN o Bl ST
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O

S— C CH2 CH2— CH3 """""""""""""""""" -
<|3| SH
CHz— CH,—CH,—C—S$ Axetyl-CoA 0
CoA— SH I

S—C—CH,

- Malonyl-CoA

CoA—SH

OH )

I Il
CH3;—CH —CH,—C—S

II '
—~§—C~—CH,~CO0"

J
NA}BPH s ‘——SH
o=t
b,
O=-f(|3
i ICH3

Hinh 13.7. M6 hinh quay vong dé t6ng hop axit béo

13.2.3. Téng hop glixerit

g : , - CH,OCOR;
l CH,OH - Ry~ CO -S-CoA \—- - .
i 1 ‘ CoA='SH HO—C—H
HO—C—H '_ : L.
| : 1 CH,OH
o Monoglixerit
Glixerin Ry~ CO S~ CoA
S Tl i R e - CoA—SH,
o CH20COR1 CoA—S8H ~ Ry~ CO -S-CoA 2
RyCO= OrmGrHin i S CH;OCOR;
CH,0GORy - . ‘cho-—o-‘-?-—u
e ' CH,OH
- Triglixerit, .
S Diglixerit
nowmbasmA ‘ ‘ L : | I ‘177
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13.2.4. Téng hop glixerophotpholipit (hinh 13.8)

Fructozo 1 ,6-di-®

CH,OH NAD + H* CHO ?HZOH R1-CO-S-CoA cpy 0-cO-R,

| ) Ho—é— o _\ - - |_
HO—C—H HO—g—H c=0 g=0
CcH,0—~P) NAD CH0—(P) CH0~(F)  oasH CH,0~(P)

Axit L-a-glixerophotphoric Glixerandehit~® Dihidroxiaxeton@ 1-axyldihidroxiaxeton—®
(IZHZO-CO~R1
CoA-SH cH,0—~(P) NADP™
1-axylg|ixerin—3-®
-CO-S-CoA
R,-CO-S-Co CoA-SH
CHzo'CO"RA]
Rz'CO_O_(I: —H
CH,O
Axit photphatidic
H,O
F>V
CHzo'CO"R»]
RZ-CO-—O-—-CIJ—H
CH,OH
Diglixerit
ClinO-CO-R1
XDP-Coli
om/\‘ ,-CO-0—C— H 0]
XDP-etanolami ' | ! CH3
etanolamin CH,0— iID O— CH;—CH,— N CH3
OH
XMP ‘ Photphatidyl colin
CI:Hzo-CO-R1 o , (I:HZO-CO-R1 aic
" J
RZ-CO—O-—CID-—H ICI) R,;-CO-O—C—H ﬁ el
l
CH,0— T—O—CHZ— CH —NH,
|

CH,0— fID—o— CH,—CH,—NH,
OH

COOH  Etanolamin  Serin OH
Photphatidyl-serin

Photphatidyl etanolamin

Hinh 13.8. So do sinh t6ng hop glixerit va glixerophopholipit
Ghi chii : —g» qua nhiéu giai doan.
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13.2.5. Sinh tdng hop sterit (hinh 13. 9,10)

OH
HyC—CO—-S—CoA . HC—CO-5—CoA |
3 H{C—00 Gz CO-5—CoAlmgm HiC— ( —CHy CO=S—CoA

H;C—CO—-5—CoA CoA-SH
Axety-CoA Axeto axetyl CoA CoASH . 6— CcOOH
B-Hidroxi-B-metyl-glutary!
CoA
2NADPH + H*
o anaDP™ ¥ COA
ADP ATP 2a0p 2atP PH
Hzc:(f—CHz‘CHz'O®O®<-;¥4H3C—(‘:—CH2CH2—O®O® &H3C-—C—CH2—CH2 OH
CH3 COZ PV
. H,C— COOH HZC—— COOH
Isopenteny! pirophotphat Mevalonyl pirophophat Axitmevalonic
N /CH3
H3c—c|:=CH—CH2—o®o®— - ¢
CH, HC CH, _CH
Bimetyl-alyl-pirophotphat \Cé ﬁ/ *
ChH o@0o®
CH Geranyl-pirophotphat CH2
/ /CH\
HyC “CH H,C CHy MG CHs
CH, I3 \II I I C
Hg| HC }—i Il
H,C” c HC CH; _CH
2 C ~ /
0 |\CH3 ~— o,
HC\\ HC\ LCH, - \CH Hll CH
Facnezyl-pirophotphat HC H
CH, \CH/Q
CH, 2
CHy I y
H;C CH,

CHj Xicloactanol CHy

CHs
Xi | CH,
itostero CH,
Pesmosterol
' H,C CH
Cholesterol HaC CHs  7_pehidrocolesterol  ° 8
Hinh 13.9. So d6 sinh 16ng hop cholesterol
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CH,4
“p - G
H,C CH,
Axit cholic Cholesterol
CH,
CH, I
CcO
CH,4
HO
Preneolon
(IZHZOH IH |
CH,4
CO co %%
o i
Deoxi cocticosteron P rogesteron CO”'ZO'
CHa OH
CH20H |
HO OH
CH,4
0]
Cocticosteron 17-a-Hidroxi-progesteron Cortlzol
CH,0OH CH3 | Hy
CH,OH | 0]
HO CcO
CH, CH;
.___H___'
O HO’
18-Hidroxicocosteron Androxten-3,17-dion Estron
CH,OH
l cHo [ ° lCHs on i CH, o
HO CcO
CH; CH,
0 HO
Andosteron Testosteron Estradiol

Hinh 13.10. So d6 tao thanh cdc steroit khéc tir cholesterol
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Chuong 14
TRAO DOI PROTEIN

14.1.PHAN GIAI PROTEIN VA AMINOAXIT

14.1.1. Thuy phén protein

Thuy phan bing enzim la con dudng phan giai protein chung cua the gidi song. Qua
trinh nay dugc ti€n hanh & bén trong &€ bao nhiam cung cdp aminoaxit cho qua trinh dong
hoa. Protein dugc phan gidi thanh cdc polipeptit va aminoaxit nhd cdc enzim ¢6 tén chung
la proteaza.

Vi dy, & co thé dong vat c6 v, protein dugc thuy phan & da day nhd proteaza c6 tén
1a pepsin hoat dong & moi trudng axit cta da day véi pH = 1,5 - 2,5. Sau d6 & rudt co cac
proteaza (dugc sén sinh tir tuy) 1a Tripsin, Chymotrypxin, Cacboxipeptidaza A va B cung
v6i enzim ¢6 & niém mac ruot 1a aminopeptitdaza nén protein ti€p tuc dugc thuy phan sau
hon so véi 6 da day.

14.1.2. Phin giai aminoaxit

Alanin - Arginin
Cystein Glutamat Histidin
Glixin > Piruvat Glutamin
Serin y Prolin
Treonin
i a-Xetoglutarat
] Isoxitrat \
Isoleuxin Isoleuxin
Leuxin 1 - — Metionin
Triptophan Xucxinin-CoA Valin
! Xitrat Chu trinh CREP ‘
Axetyl-CoA \ Xucxinat
i - Prolin
Axetoaxetyl-CoA Oxaloaxetat Fumarat < Phenylalanin
7 1 —\ /
Phenylalamin Malat
Tyrozin
Leuzin
Lyzin Aspactat
Triptophan Asparagin

Hinh 14.1. Con dwong dua bo khung cacbon vao chic trinh Crep

Trong co thé s6ng, aminoaxit 1a nguyén liéu d€ t6ng hop ra protein mdi va cac hop
chét c6 hoat tinh sinh hoc khidc nhau, song né ciing con dugc ding lam nguén nang
lugng. Co thé dong vat bac cao phan gidi tich cuc céc aminoaxit ngoai sinh va ndi sinh,
con & thuc vat bac cao thi chiéu huéng t6ng hop 1a chi y€u. Nhiéu vi sinh vat cling c6
kha nang sir dung aminoaxit 1a ngudn cacbon va nang luong.

Cac aminoaxit bi phan giai qua céc phan tng loai amin, loai cacboxyl va chuyén hoa
mach bén din dén mot s6 san pham di vao chu trinh Crep (hinh 14.1).
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14.1.2.1. Su loai nhém amin
C6 hai ki€u phan tng dé loai nhém aminyt
a) Phdn itng chuyén amin tao cdc xetoaxit
Ry— CH — COOH + R, — C — COOH R1—|C—COOH + R, —CH— COOH
l If | |
NH, 0 o) NH,

Cac enzim xiic tdc vi du piridoxal photphat thuéc nhém aminotransferaza (hinh 14.2):

R
R o SO0 Ri_ _ ,COOH R1\ /COOH R1\ COOH
NH2 Aminoaxit 1 H 'L
H O \C/ > -xetoaxnt 1
\( o
/C
HO—=" l CHp-0—(B)

Piridoxal photphat

Piridoxamin photphat

Aminoaxit 2
Re~_. ., ~COCH _COOH Ry COOH
T e
- L S
NH, I 5
N 2~___-COOH
H\C e y c

H,C H,0 I

a-xetoaxit 2

Hinh 14.2. Co ché xiic tdc ciia phdn ing chuyén nhém amin
b) Phdn itng oxi hod loai amin véi xiic tdc g glutamatdehidrogenaza -

Glutamat + NAD" (NADP") + H;O > a-xetoglutarat + NADH(NADPH) + NH,"
Coché :

COOH . COOH COOH

l K ‘7T-> ' Hzo ‘NHS l
(CH,), . ~(CHy), AN (CHz),
| NAD® NADH +H* P |

—CH—COOH ho&c hodc NH==C — COOH — ,
NHz NADP* NADPH + H* o 0==C—COOH
]

Axit glutamic Axit o - iminoglutaric Axit xetoglutaric
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Truong hop FAD nhan dién t& sé hinh thanh H,0O, va enzim catalaza phan huy ngay
H,O, vira mdi tao ra :

H,0
R— H —COOH —>—»R— CH—COOH +@

..... I

R—CH—COOH + FAD Iminoaxit a-Xetoaxit

Aminoaxit
oxidaza
FADH, FAD

Aminoaxit ’
I
5, h,0, 2221823 1 o +1120,

Ngoai ra con mat vai cach loai khdc :

- Loai amin cua axit aspactic d€ tao thanh axit fumaric

H,C — COOH HOOC— CH

|
@-—CH —COOH ;@ HIC£~COOH

Axit L-aspactic Axit fumaric

O thuc vat va mot s6 vi sinh vat xay ra nguge lai, giéng nhu su ¢d dinh NH; duoc xic
tac bdi aspactaza hoac aspactat-amontliaza.
- Loai amin cla L-serin nhd xiic tac serin-hidrataza va cla L-cystein nh¢ xdc téc
cystein-desunfidaza déu tao thanh axit piruvic :

CH,OH CH,
| Serin dehidrataza I
@L—C.H 00K . (FeN)—C —coon
-serin
H,0 l
TH:} H20 ; TH3
O—C—COOH - ) @;%:C——COOH
Axit piruvic
H,0
CH,SH CH,

I Cystein desunfidaza ”
@——CH-—COOH S @‘C‘COOH ,
L-cystein \ H,S l

. CHs
CHs 0 L
| @zc—— COOH
O=—=C—COOH -
Axit piruvic H,O
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14.1.2.2. Su loai nhém cacboxyl

Xiuc tac la enzim decacboxylaza c6 nhém hoat dong 12 piridoxal-photphat :

R-—CH?_———(IZH——COOH ———> R—CH,——CH,—— NH, + CO,
NH,

Co ché phan ing :

R
R, COOH R OOH |
\CH/ 1\CH/C CH,
| |
NH,: Aminoaxit H NH
Pk N 2
o N :
amin
H\C/O

HO— CH,-0—(B):

HsC_J l

NN
Piridoxal photphat Baza sip

\( HZO,/H co,
C

Nhi€u amin ¢6 vai tro sinh If quan trong. Vi du :

- AXit y-aminobutyric ¢6 vai trd quan trong trong ndo dugc tao thanh tir axit glutamic :

HOOC“CHQ CHQ CH2 NH2

- Histamin lam giam huyét 4p va kich thich hoat dong ciia céc tuyén da day :

I{\Jl\ /U CHy CH5—NH,
NH

14.1.2.3. Cdc sdn phdm ciia su phdn gidi aminoaxit

Qua trinh phan giai aminoaxit s& tao ra cdc san phdm trung gian la cac xetoaxit, axit
cacboxylic va cdc amin. Néu phan gidi dén ciing s& cho CO,, H,0 va NH;. Nuéc sé di
vao qua trinh trao d6i chung, khi cacbonic dugc thai ra ngoai co thé. Amoniac sé tuy
theo timg loai ma c6 nhitng chuyén hod khac nhau. Trong co thé séng, né dugc chuyén
hod thanh cac glutamin, asparagin.

. . Glutaminin xinteaz: .
Axit glutamic + NH; + ATP ——lmninxinteazs o) amin + ADP + P,
Mg2+ hoac Mn2* !

2+ -
Axit aspactic + glutamin + ATP + H,O Mg asparagin + axit glutamic + AMP + PP

Con né€u thai ra ngoai, vi du nhu cdc dong vat bac thap song dudi nudc (dia, tom,
cua, cd,...), ching thai tryc ti€p amoniac ra méi trudng xung quanh. Ddng vat bac cao,
amoniac thai ra moi truong duéi dang uré (hinh 14.3).
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Phuong trinh tong quat cta chu trinh nay :
NH; + CO, + 3ATP + 2H,0 — > ure + 2ADP + 2P, + AMP+ PP
Pirophotphat thuy phan : PP + HO —— 2P,

H,C —COOH

I
O (HN)—CH—COOH
O—@ Py NH Axit aspactic
|

Cacbamyl photphat

(CHz)s :
@” ATE ! | H2(|:—COOH

HC—COOCH

NH
| ° NH,  AmP + PP
(CH,)s Xitrulin NH
HC—COOH (léHz)a
NH, HC—COOH
Qcnitin NH,
Axit arginoxucxinic
HO 3
i TH HOOC—C—H
H— C—COOH
4"\ (CHy)s ©
H(|3—COOH Axit fumaric
NH,
Ure Isoure Arginin

Hinh 14.3. Chu trinh uré

14.1.2.4. Mot s6 con duong chuyén hod riéng cua aminoaxit

- Su bién déi glixin

' NH3 C02
H,N——CH,— COOH } ) |

Glixin OHC—COOCH H—COOH
Khir amin Axit glioxilic Foocmiat
hoac .
chuy&n amin : FH,

Ng hoac Nyq - foocmy-FH,
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- Téng hop creatin (mot hop chit cao nang tham gia vao qud trinh trao déi nang
lugng cua co thé song)

S-adenozyl metionin (CH;) |
S-adenozyl homocystein (CH,)

H,N——CH,~COOH  HN—CH,—COOH NH
Glixin Axit guanidino-axetic C—NH,
',\'Hz ATP H3C —N— CH,—COOH
.................... . (?HZ) : Creatin
I\IJH H,N—CH—COOH NH

Ocnitin ADP ”

H,N—— CH—COOH

o H;C —N—CH,— COOH
Arginin

Creatin-photphat

- Su bién d6i metionin

| CHa

[ —

CH Chuyén mety! CH

2 | 2 Chuyén sunfua Serin COOH
HyN——CH—COOH H,N ——CH—COOH
Metionin Homocystein H OH
si————|CH2
NH

CH, HC\/ 2
| COOH

CH, L
Cystationnin

H,;N—CH—COOH

CH,
Saccarit - |
v
coon 2 | NH; CH, COOH
’ COOH HyN——CH— COOH
Axit propionic  Axit a-xetobutyric Homoserin Cystein

Ghi chi : Céc phan ting nghich biéu dién bing céc dudng chdm
Metionin Ia chat cho nhém metyl phé bién trong céc phan ttng chuyén metyl.
186 24.CSHOASINHB
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NZ=" I
+
Metionin + ATP ———» \N SI~@ +PP+P,
CH,
I
CH,

H,N—CH—COO"~
S-adenozyl-metionil

2 hat nha
Chuyén metyl Chat nhan

Hy Chat nhan-metyl

N
N)\——N
<

N

OH OH

H,N—CH—COO"

S-adenozyl-homocystein

- Su bién d6i cua valin, leuxin va isoleuxin : Su bién déi cua 3 aminoaxit ndy cé chung
nhiing giai doan tuong ty nhau la chuyén amin dé tao ra cac xetoaxit roi tir d6 chung tiép
tuc khir cacboxyl oxi hod tao ra céc axyl -CoA. Céc axyl - CoA nay hoac 1a truc ti€p tham
gia vao chu trinh Crep (vi du nhu xucxinyl-CoA) hoac cat mach cacbon d€ tao thanh axetyl
-CoA 16i méi tham gia vao chu trinh Crep. Vi du, su bién d6i cta valin din dén san phim
~ trung gian 13 metyl-malonyl-CoA, tiép theo tao thanh xucxinyl-CoA theo so do sau :

N
NH, NAD
Chuyén CoA-SH
HyC—CH—CH—COOH <—y—> H,C—CH-C —COOH ————3p-HC—CH— ¢ —S—CoA
Amin _ [l -CO, I
CH, CHy O CH; O
Valin AXxit a-xetoisovaleric Isobutyryl-CoA
+2H ﬂ -2H
-CoA-SH -H,0
H,C—CH—COOH «———— HZC_CH_C_S_COA—’..___.HQC::(IDH—lcl; —S—CoA
| |l +H0 .
OH CHy OH CH; O CHy O
Axit béo iso B oxi . _ )
NAD*  PB-oxi iso butiryl-CoA Mety!l acrilyl-CoA

H

NAD*
O==C— cH—cooH =22SH CoA—§—C——CH, 22, CoA——§—C—CH—COOH
-CO, Il | ATP, H0 g (I:H
CHy _ o Ch Mety! malonyI-C?oA
Semi andehit metyl malonic Propionyl-CoA l

CoA —S§——C —-CH,~ CH,~COOH

0
Xucxinyl-CoA
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- Su bién doi cua phenylalanin va tyrozin

Phenylalanin trude hét chuyén thanh tyrozin nhd su tham gia cia mot phan tir oxi.
Sén pham cudi cling cia sut chuyén hod tyrozin 1a axit fumaric (hinh 14.4)

: COOH
COOH COOH |
| | _ C=0
HC—_NH2 HC—NH2 Tyrozin' ICH
CH, _Phenylalanin hidroxilaza CH, - transamylaza 2
-—*—(/\ H,0 NH;
i FHy FH,
OH
H NADP* NADPH + H*_OH . . -
Phenylalamin Tyrozin Axit para hidroxipheny! piruvic

oxidazo COOH

Cu*) | c=o
OH |
OH CHz™,
HO
CHy— COOH CHZ—C—COOHJ . y
0 Chuyeén vj
47—— quinolic
B R —
OH o0 o OH
Axit hogentisic Axit 2,5 dihidroxiphenylpiruvic Quinol
oxidaza
(Fe?t) CH
CH CH Hooc._ ,CH_ °H :
COOH HOOC /-.CH VON AN N PN L “COOH
l C—=0 isomeraza \Cﬁ \('3 C| COOH CH ﬁ ICI:
_ -~ O
_~ "CH,~ COOH OH  OH ©
) (dang xeto)
OH Axit fumarylaxetoaxetic ‘
(dang enol) H ,
Axit maleylaxetoaxetic HOOC\ tCnr,:Fl,
H;C—CO—CH,~COOH  C==C\ _ " (rep
/ COOH
Axit axetoaxetic H
Axit fumaric

Hinh 14.4. Sy phdn gidi phenylalanin va tyrozin

Tir hai amino axit nay c6 thé téng hop nén melanin va adrenalin (hinh 14.5). Melanin
Ia sac t6 den c6 trong co thé dong vat va ngudi. Adrenalin hay con goi 1a epinephrin la
hoocmon truyén tin hiéu than kinh.
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CH,~CH— COOH
\ Phenylalanin

l Hidroxi hoa

CH,~CH—~COOH .
| Tyrozin
NH,
O

Tyrozinaza l Hidroxi hoa

- H N H I .
j@—wz ~CH—COOH 34 D'h'd(ggng)%nyalamn

%oxyl

CH,—CH, —NH
D7CH-—COOH Kj{‘ 2 2

Bopanin (3,4-dihidroxiphenyletylamin)
)

Phenylalanm 3,4-quinon
{Bopaquinon) l Hidroxyl hoa

9)
CH-COOH S-adenozyl- S-adenozyl- @’CHOH‘CHZ— NH,
9]

metionin  homocystin

N A

-

2-cacboxr-2,3-d|hidro Nor-adrenalin
l-indol-5-6 quinon

C.
,
0 ; ; —
N

Trung hop

Adrenalin

Indol-5,6-quinon

o
Melanin i

Hinh 14.5. So do t6ng hop adrenalin va melanin
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Tyrozin con la nguyén liéu dé tdng hop nén hoocmon tuy€n giap la tyroxin :

| !
s
HO 0 CH,——CH —CO00"
| i

- Su bi€n d6i clia tryptophan :

Tryptophan duoc chuyén thanh axit nicotinic (Vitamin PP) va axit indolyl axetic (mét
chat kich thich sinh trudng thuc vat). Khi phan giai triét dé bo khung cacbon cla tryptophan,
dugc alanin tach ra tir 3-hidroxy kinurenin cdn lai tao ra 2 phan tir axetyl -CoA (hinh 14.6).

I
CHZ—"CH—COOH CHZ—COOH
[ _— . | ,
Axit indolylaxetic (chat kich thich
N Tryptophan N sinh trudng thuc vat)
\ 0 NH,

|
C—CH,—CH—COOH
CH Fomylkinurenin
e Nl

ﬁ 2 ﬁ NH,
@CC—CHz——cH~COOH \ C—CHQ——(IJH—COOH
NH, NH,
Kinurenin OH . .
3-hidroxikinurenin
O
COOH /EI_COOH (\/I(COOH
H N
on e _ OO(? NH, COOH
Axit 3-hidroxiantranilic Axit a-amino-B cacboxi- Axit quinolinic

muconin 3-semiandehit

PRPP
'COZ
€O, P,
S P U
COO olele) .
o HOOC” “NH, ==CH N

HOOC Ho N*
NH, RP
Axit a-xetoadipic Axit a-amino muconic Axit a-amino muconin- Axit nicotinic-
d-semiandehit- ribonycleotit
Y
———————»  2CH,CO-CoA “ NAD
COOH CO-CoA sCOCoA + €O,
Glutaryl-CoA _ Hinh 14.6. So a6 chuyén hod ciia 1ryptophan
190 Ghichi : 1. PRPP: S-i)hotpho—ribozyl-l-pirophotphat. 2. RP: ribozo-5-photphat
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Nhu vay, trong qua trinh phan gidi cdc aminoaxit, khung cacbon hoac bi oxi hoa
hoan toan thong qua chu trinh Crep, hodc bién doi thanh cdc aminoaxit khac. Cic san
pham cua qué trinh déu c6 vai trd rat quan trong trong su trao doi chat va nang luong cua
t¢ bao nhu B-alanin la thanh phan quan trong ctia CoA, axit nicotinic la thanh phan cua
NAD, creatin-photphat va arginin-photphat 1a cic hgp chat cao nang. Mot s6 khdc lai c6
vai tr0 sinh li quan trong nhu adrenalin, histamin, xerotonin hoac la chat kich thich sinh
truéng thuc vat nhu axit indolyl-axetic. Diéu nay cang cho thay y nghia to 16n d6i voi su
song cla protein, dugc thé hién ddy du thong qua cdc aminoaxit giif vai tro tich cyc trong
qud trinh trao déi chét ctia co thé song.

14.2. SINH TONG HOP AMINOAXIT

14.2.1. Su ¢6 dinh nito

Su k,hff truc ti€p nito phan tir thanh amoniac dugc goi la su c6 dinh nito. Thuc vat
khong cg:kha niang nhung nho cdc vi khudn cong sinh & ré (nhu ré cay ho dau, beo dau)
chita enzim nitrogenaza c6 kha nang khir nito trong khi quyén tao ra luong phan dam cho
chiﬁﬁh,'céc loai cay d6. Tao xanh nhd hé théng nitrogenaza giong nhu vi khuan nén ciing
© ¢6 kha nang nay.
" Phuong trinh t8ng quét :

N, + 6e + 12ATP + 12H,0 ——> 2NH," + I12ADP + 12P, + 4H"

14.2.2. Sy khit nitrat
Do hién tuong phéng dién trong khi quyén nito duge oxi hod tao ra nitrat. Cdc vi sinh
vat va thyc vat sir dung nitrat 1am nguoén nito va khir thanh amoni

NADH(NADPH)—%— FAD —> Fe,S, ——> Mo—> NH;
(Mo5" ——>Mo4")

NADH + NO; + H* ——>NO; + H,0
NO; + 8H" + 6e—> NHj + 2H,0
14.2.3. Su ¢4 dinh amoniac
Phuong trinh téng quat :

ATP + NH; + RCOCOOH + NADPH + H' ——
RCH(NH,)COOH + ADP + P, + NADP”

Hinh 14.7 13 so d6 téng hop vé su tao thanh NH; va su tham gia clia né vao cac hgp
chat hitu co.
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a“

Nguén Nito trong khi quyén

NO;

~——! NO;

T

Nitg hiru co
trong cac
co thé cd

NH3 ~

Glutamat

AL/'Ar

y

S —

dinh nito

va
Aspactat

Cacbamit
photphat

Glutamin
va
Asparagin

\

— =

Hop chat nito clia cac co thé khac nhau

Hinh 14.7. S0 dé don gidn ciia chu trinh nito
14.2.4. So d6 tdng hgp mét s6 aminoaxit (hinh 14.8, 9)

NADH + H*

H,C

1 N /
COOH /CH COOH =

HoN
Axit glutamic
D* NADH + H*
HzC_THZ \ /
Hinh 14.8. So H,C CH—COOH =
o . /
do tong hop axit N
ghuamic va prolin H
Prolin

Tir glutamat ti€p tuc téng hop :

H,C

CH,
CH, CH—COOH

I‘Ocnitin Ig?‘ﬁ [ Arginin ]

ure

NH,

CH,

CH—COOH
H,N
y-semiandehit glutamic

H20<——I

HyC—3CH,
2 5

N/
N

HC CH—COOH

Axit A,-pirolin-5 cacboxylic

Glutamat + Piruvat «—— o-Xetoglutarat + Alanin
Glutamat + Oxalo-axetat «—-> o-Xetoglutarat + Aspactat

Su c6 dmh NH;

" Piruvat + NH; + NADH +H'+ Hzo <— Alanin + NAD"
Oxalo-axetat + NH; + NADH +H'+ H,0 <—— Aspactat + NAD"

Fumarat + NH; <« Aspactat
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Tir aspactat c6 thé tdng hop nén axit a- hoac B-alanin hoac tao thanh asparagin.

(l;H3 CI:H3 CH3‘CHO (‘:HS
HO—C—H cl:H2 _L___. CI:HQ
HoN—CH,~CHyr CHyCH,CH=NH, HC—NH, nNH, §© HyC—CO-(~OH
COOH
Lizin axeto-  o-xeto-o-hidroxi-
I P, butyrat ~ butyrat l
COOH H,C—0-®
| CH Homoserin photphat C|:H3 'ﬁ
2 H,C—CH,~C—C—COOH
CH Dlhldrodlplcolmat | ’ 2 ? ?
HC——NH HC—NH, OH OH
a-B-hidroxi-p-
COOH Piruvat COOH metyl-valerat
Aspactat ADP l
NADPH + H* NADP* Hg?i;)serm» kinaza CH
ho#c hoac 3
NADPH NADP® NADH +H* NADHZC OH CoA—S— CO HyC—CH~ CH CO—-COOH
0C—0-P—0OH * H* CHO \ a-xeto-B-metyl-
| I E é ‘CH q(—\ CH2 valerat
CH CHz Homoserin-
2 Aspactat—B— | dehidrogenaza HC—NH, H,
HC—NH semiandehit HC—NH, ,
2 dehidrogenaza Soon COOH COOCH
COOH Homoserin Xuexinyl-CoA (|3H3
B-aspactyl-photphat [ai-ssé)zr(r:\tl:tndehlt- ch—CHz—CH—(IJH—COOH
' Isoleuxin | NH2
HZC—O—CO-—(I:HZ
O-xucxiny!  CH, CH,
homoserin |
HC—NH, COOH
COOH
.| HS—CH,
E; | © Cystein
Xucxinat HC—NH,
H,C—S— CH, COOH
I
CH, CH;
HC —NH,CO0H
COOH
Cystotionin Piruvat
H,C—S—CH; Hzfli—SH H,C—OH | HsC—CO-COOH
Ngrmetyl-PHg
ik ) T HC— NH,
Metionin — HC— NH :
HE—NH; [ COBH NHs
COCH COOH
Serin

Hinh 14.9. So dé téng hop li
25.CSHOA SINH.A »

Homocystein

zin, treonin, isoleuxin va metionin
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14.3. SINH TONG HOP PROTEIN

14.3.1. Co ché truyén dat théng tin ctia gen
ADN nam trong nhiém sic thé va trong nhan t€ bao. Qua trinh sinh téng hop dugc
dién ra & t&€ bao chat.
dich ma

ADN ARN_,, —————— Protein

Cau tao chia ARN,, gébm mot chudi cic nucleotit ¢6 nhiém vy ma hod, vi du : Cic
ma bo ba (codon)

$a0 ma

[ B I — 1
UGU UAX UG A G....

chubi ARN,,

Tir dién ma di truyén :
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Vi tri th hai
U X A
uuu UXU UAU UGu |uU
{ UUX | Ser| UXX Tyr{ UAX {UGX X
UUA UXA Khdng ma hoa | Khéng ma hoa | A
{ uuG UXG Khéngmahoa | Typ UGG |G
XUU XXU XAU U
XUX | Pro| XXX His {XAX X
& XUA XXA Gln { XAA XGA |A | L
- XUG XXG XAG G| =
?:'5 AUU AXU AAU AcU  |u | E
= { AUX AXX AAX {AGX X | 8
AUA Thr| AXA Lys | AAA Arg [ AGA A
AUG AXG AAG { AGG |G
(F-Met/khdi dau)
GUU GXU GAU GGU |u
GUX | Ala| GXX Asp{ GAX GGX |X
GUA GXA |olu [ cAA GGA |A
GUG GXG { GAG GGG |G
25.CSHOA SINH.B




Bang con duong thuc nghiém, Nirenbe (Nirenberg) va Osoa (Ochoa) da kham pha
dugc bo mat ma di truyén. D6 1 cac bo ba ma hod cho 20 aminoaxit d€ téng hop nén
protein chung cho toan bo sinh gisi va dugc thu gon trong mot bang dugc goi 1a "Tur dién
ma di truyén". Trong bang c6 3 bo ba : UAA, UAG va UGA khong ma hoa cho mot
aminoaxit nlo ca va giif vai tro két thic cho mot chubi polipeptit da tong hop xong. Thuc
t& chi ¢6 61 bo ma 1a c6 § nghia. Bo ma AUG dung dé ma hoa cho su bat ddu ctia mot
qué trinh téng hop méi véi su mé dau clia ddy 1a metionin déi véi t&€ bao nhan chuan, con
doi voi t€ bao nhan so 12 f-metionin (cdc phan tir metionin dugc focmon hod bdi axit N0

fomyl-tetrahidrofolic).

NH,
o] o] 0 NH
H 2
NZ o Il Il
o //L\ | Adenin-ribozg —0 — ;|>— O —P—O0—P—0OH  HOOC-—CH—R;
A
OH sAminoaxit 1
|CH20 N ATP OH OH )
¢
Enzim; |— PP
(l) OH NH;, o
_ | .
HO _'T =0 NZ Adenin-ribozo- 0 — FI>—-O Enzim,
0 |
| OH
0 N
oHa o ' Aminoaxyl;-AMP
\
NH,
o) OH

| N
HO—T:O L\ J——N \(AMP

o) N :
O
CllH?_ ﬁ \ Enzim,

Aminoaxyl;-ARNt

. Hinh 14.10. S0 d6 hoat hod aminoaxit va tgo thanh aminoaxit -ARN,
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14.3.2. Co ché& tdng hgp protein trén riboxom

Noi ti€n hanh tong hop protein 1a riboxom. N6 gom 2 phan duéi don vi 12 30S va 50S
két hop véi nhau. ARN, lam nhiém vu chuyén ché cdc aminoaxit. Pau d6i ma
(anticodon) tuong tdc v6i ARN,, ¢ phan dudi don vi 308 con dudi mang aminoaxit lai
nam & phan dudi don vi 50S. Phan ing chuyén peptidyl dién ra & phan duéi don vi 508S.
Trude khi téng hop céc aminoaxit dugc hoat hod roi két hop vao ARN; (hinh 14.10). Mot
s0 chat khdng sinh c6 tdc dung ngan can sy kéo dai chudi polipeptit tong hop nhu
puromixin, cloramphenicol,... (hinh 14.11). Qua trinh téng hgp protein 12 mot qua trinh
sap dat trat ty chia cdc aminoaxit theo sy huéng dén bing cach truyén thong tin tir ARN
vao protein (hinh 14.12). Giai doan khdi ddu véi sy tham gia cia céc yéu 6 khoi ddu IF,,
IF, va IF; (hinh 14.13). Giai doan két thiic (hinh 14.14).

; /CHs
o)
NH _
I 2 N—CHj,
O==P—OH
| N-———C/&N — /&
& b . N—C XN
ARN | oA < A
~ CH g N HO—CH, N
Puromixin ,
OH
Lien ket -, 9 NH  OH

I/Lién két amit

I
este O:(IJ 0o=—C
—_— i
HG—CH, ‘@‘OH HE— CHZQOCH3
N

Chuéi peptit | H TI‘IH
CIJ: 0 Chubi peptit C=—=0

R—~GH R—CH

NH fllH

Hinh 14.11. Su niong te vé cdu triic ciia mét peptidyl-ARN , voi peptidyl-puromixin

la nguyén nhan dan dén si iic ché'tong hop protein
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Aminoaxy!
ANR{

Thong tin

% & ow

GX GAU AGU UUX XGA AAA UGA ARN théng tin
fMet._Val- " Gly Asp Ser Phe Arg Lys Ding

Lién két peptit

i B

GX GAU AGU UUX XGA AAA UGA
Gly Asp Ser Phe Arg Lys Dung

fMel~Val —Gly” Asp Ser Phe Arg Lys Ding

Phan chia va cat

Chudi polipeptit
clia 8 aminoaxit o
Nhan t6 cat

AUG GUU GGX GAU AGU UUX %AM UGA
fMet Val Gly Asp Ser Phe Arg ~Lys—Dimg

Hinh 14.12. M6 hinh truyén dat thong tin tit ARN,, vag protein
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IF3

Khu P

198

IF3

fMet

308

€)

fMet

&

IF2

S'—AUUAUGUUGGUU— 3'

IF1

fMet

IF2-GTP , + Ci}‘

UAX
r GTP
IF2
fMet
;4
(ARNy)

5—AUUAUGUUGGUU— 3

“ /4 IF1

R

5'—AUUAUGUUGGUU— 3'

IF2

IF1

+GDP + P,

IF2

Hinh 14.13. Giai doan khdi ddu sinh 16ng hop protein

IF3

http://tieulun.hopto.org



M EF-T + GTP + Cﬁb Khu P Khu A

GTP

(2) EF-T Lox

{} 5 — AUUAUGUUGGUU— 3
AAA ,

3

Tao lién két peptit + EF-T + GDP +P
. v

EF-G |—| EFG
N + UAX EF-G |+ GDP+P,

GTP i
Hinh 14.14. Giai doan kéo dai chuoi peptit
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14.4. PIEU HOA SINH TONG HOP PROTEIN

Su cam Gng va su ic ché trong qud trinh téng hop protein dugc kiém tra bing cac
chat phan tir nho. D6 1a cdc chat cam dng va tc ché. Operon la mot don vi bao gom gen
cau tric, gen diéu hoa va cdc yéu t6 kiém tra ki hiéu la z, y, a tao thanh m¢t don vi sao
ma (hinh 14.15,16).

ADN i P o] z y a
3 NN
SAO MA l o >I< KHONG SAO MA
ARN, 1
. Khong c6 ARN
DICH MA l 9 ™
Protein NN TR o Khong c6 enzim
Chat (rc ché OPERON KHOA
ADN i p o] z y a
SAO MA l SAO MA l OPERON MG
ARN, — ARN,,
DICH MA 1 DIC lM
Profein ST Protein AT AR

Chét tic ché B—galactozsdaza pecmeaza transaxetilaza

Chat cdm (Ing A ‘
Hinh 14.15. Operon-lacto

TrpP trpO trpE trpD trpC  trpB  trpA

TpR

l Chat tic ché
’ khéng hoat dong

‘ ------ BT T e ~®  Ch4t déng kim ham
(tryptophan)

Hinh 14.16. Operon-trytophan
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Chuong 15
TRAO DBOI AXIT NUCLEIC

15.1. PHAN GIAI AXIT NUCLEIC

15.1.1. Thuy phén axit nucleic

G dong vat, cac axit nucleic chi bat dau bi phan giai ¢ td trang nhg téc dung cua
enzim nucleaza tuyén tuy. Ribonucleaza tuyén tuy chi thuy phan ARN tao thanh
mononucleotlt P, va oligonucleotit. Deoxiribonucleaza hoat dong khi c¢6 mat Mg hoac
Mn? * thuy phan ADN thanh oligonucleotit. Niém mac rudt tao ra diesteraza ¢6 vai tro
xlic tac thuy phan oligonucleotit thanh cdc mononucleotit.

15.1.2. Phin gidi mononucleotit

Mononucleotit bi thuy phan bdi enzim photphataza tao thanh nucleozit va P,.
Nucleozitaza sé thuy phan lién két N-glicozit ctia nucleozit cho pentozo va bazo nito.

15.1.3. Phén giai purin (hinh 15.1)

Adenin Guanin O H
N
Adenin- +H;0 Guanin- +H0 HN c” N
dezaminaza dezaminaza | Il /C:O
'NH3 "NH3 O“—"C\N/C\N
Hipoxanﬁn ——-—-»2 Xant‘n -————'»02 H H
Xantin- Xantin- L
oxidaza. oxidaza Axit uric
Uratoxidaza
o H
i _N
NH, d _
| | C=0
Cco, + O——C\N /CH\1<l
Allantoin H
o H NH, NH,

il_N ! I

’?Hz (I: \C —0 Allantoinaza O:(|3 COOH (|3: 0

- - I
O—C\NH/CH\N/ +Hy0 HN——G——NH
H H

Allantoin Axit allantoic

+H,0 Allantoinaza
0
|l

2H,;N-—C—NH, + HC—COOH
' Ure Axit glioxilic

Hinh 15.1. Sw phan gidi purin it adenin va guanin dén axit uric va ure

26.CSHOA SINH.A
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15.1.4. Phan giai pirimidin (hinh 15.2)

Xitozin Metyl xitozin
+H,0 +H,0
- NH3 - NH3
Uranxin Timin
+ NADPH + | NADPH
NADP +H NADP™ [t | H
O 0
¢ LM
HN"" CH, HN- ¢
0=C CH ’ [ CHy
— \N/ 2 O:C\N/CH2
H H
bihidro uranxin Bihidro timin
+H,0 l* H,0
0 l 2 0 CH,
HyN—C—NH—CH,—CH5— COOH H;N—C—NH—CH,—HC— COOH
Axit N-cacbamoyl-propionic Axit N-cacbamoyi-izobutiric
l+ H,0 ‘ l+ H,0

B-alanin

Axit B~aminoizobutiric

Hinh 15.2. Si phdn gidi pirimidin
Céc san pham tao ra s& tham gia vao cdc con dudng chuyén hod khic nhau.

15.2. SINH TONG HOP NUCLEOTIT PURIN

15.2.1: Sinh téng hop purin (hinh 15.3)

co,
Glixin
\ Aspactat ———— | =
1
l 2 Foocmiat
Foocmiat 0\3

Nito amit ctia glutamin

L

Hinh 15.3. Sw hinh thanh nhdn purin
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O
H

§
GlU"NHz ?Hz
o
®oHC o ATP BOHLC o HOOC—&!—NH2®OH2
0 2 Y
Of - AMP ®®<H20 't PP
HO OH OH OH ¢—0H HO OH
M2 Giu
H, H, Metinyl-FH,
0-C GluNH, § FH,
AN HC—N o §
- |
| cH R HCNH CH, H,C—NH
H N/C N C'—N/ CHO [ NCHO
. @ HNT" ) e GHe _C—NH
BoH:C o ®OH,C AT HOOC—CH-NH,  ©
ADP(i)P O N
HO OH , HO  OH v (I? ADP + P,
COOH HO OH C{OH)ATP HO OH
Asp 1 ATP CH
___S_E'_CH2 I 2
I I
HOOC-C (8) CH, Sl
ADP + P, HOOC —~CH-NH,
COOHO
I I I 0
0 o AN { “c—N ¢ i
HOOC-CH-NH G— HN  C—N
I Scw o Sen uN N O .
C—N 20 0 Ncn  NHETN
H,N” H,N oHc L\~ e 1 e
. NH I \\N,C-—N
®oH,C o @®oH.C o
COOH 4 (100y ”
OH OH | HO OH FH, ( & d
2
CH HO OH He o
?H , Axit inozinic
COOH hay
Fumarat Inozin-5-monophotphat

Hinh 15.4. Sw hinh thanh IMP
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15.2.2. Sinh téng hop cac nucleotit purin khac
Su tong hop ctia AMP va GMP (hinh 15.5)
HOOC —CH~—CH,— COOH

\ VA N
HOOC —CH—CHy—COOH —Ng_ N G Nao
>CH | g >CH
Axit C——T HC\‘\\N / T
aspactic . .
Ribozo-5(®) Riboza-5'(®)
C Axit adniloxucxinic ~ HOOC-CH=CH—COOH _AMP
N// \C—N (axit adenillic)
HCll Cl,l N e
N C—
A  OH
IMP Ribozo-5(P) OH NH; &
(axit inozinic) /CI:\ (hodc glutamin) N// \C'-N\
NAD* N “c—N & I CH
. | I ECH N — HEN LGN
NADH + H l}C\\ /C——N / H,N N |
ho” N\ | ATP AMP + PP Ribozo-5'®)
Ribozo-5' .
, ® GMP
Xantozin-5'-monophotphat

(XMP) (axit guanilic)

Hinh 15.5. Sw tao thanh AMP va GMP tir axit inozinic
15.3. SINH TdNG HQP NUCLEOTIT PIRIMIPIN

15.3.1. Téng hop UMP

Su khac biét gilta con dudng nay véi con dudng téng hop méi nucleotit purin 1a 6 chd
vong pirimidin tong hop trude réi méi két hop véi ribozo-5-photphat (hinh 15.6).

15.3.2. Téng hop XTP va dTTP

o @

N/C\ Cc

C T
O//C\ /C hodc glutamin O//C\ /C
CHz o) EXeXp-om, o
ATB  ApPspy
OH OH OH OH.
uTP XTPR,
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Glutamin
COOH

HC NH,

(CI3H2)2
C/O

ADP + P, @

ATP COOH
H:C—NH2
((|3H2)
cz°
CH

Axit glutamic

Cacbamyl photphat xintetaza

(1)

ADP ATP
@ Cacbamy! kmaza

/_— Cacbamyl! photphat Axit cacbamic

0O O 0O
I [ || FAD FADH, I
C\ ¢ bihidro orotaza / \ 5 C\
-
HO H, HQ GH, 3) HN CHzDihidro orotat- HT CH,
ﬁ:ggggi:tt-)am lazzv l I | dehidrogenaza C I
L. N—CHCOOH (-CH=COOH ,C< CH-COOH(4) g/~ ~n-CH-COOH
2 0o H
Axit aspactic Cacbamy! aspactic Axit dihidro-orotic Axit orotic
O
0]
I i
/C\ C
HT ﬁ” HN” CH
Co || (Pyo.cH
C 2 Ao
A n—CH - C /,C\ _C~COOH 2
@O'CHZ% - @ @
omp- @0 CH, D OMP- \pp
decacboxilaza pirophotphorilaza
(6) (5) CH OH
HO HO HO HO PRPP
Urin-5* .
(J’\r)lé')) monophotphat Orotidin-5-monophotphat
h it uridin (OMP)
hay axit uridinic hay axit orotidinic
Hinh 15.6. Su tao thanh UMP
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T6m tat qua trinh téng hop nucleotit purin va pirimidin (hinh 15.7) :

xitidin —»dXMP timidin -=dTMP-<—dUMP <—uridin

ATP GTP \ XTP | uTp
ADP GDP XDP UDP-
Adenozin —= AMP GMP-=—Guanozin| | xitidin —s XMP UMP «—— Uridin
A \ / A
IMP Sinh téng
hgp mdi
Adenin Guanin | |Xitozin » Uraxin
Sinh téng
hop méi
Timin
Y Y
Pezoxi- . . ; 9] i
: Pezoxi- | |Pezoxi- Pezoxi- 6ZOXI-
adnozin — gAMP ACMP e guanozin

L » dADP dGDP - » dXDP diDP| duDP___ |
AN
dTDP darTp dxTP dTTP | "dUTP
o :

Hinh 15.7.So do t6m tat qud trinh sinh tong hop cdc ribonucleotit-triphotphat puric

va pirimidic va cdc deoxiribonucleotit-triphotphat puric va pirimidic
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15.4. SINH TONG HOP ADN

: Phan ti luc dau
15.4.1. Su tu sao ban bdo ton
ciia ADN (hinh 15.8)

Thé hé thir nhét 7 4

Thé hé th hai 7 ~ 4 4

>
Hinh 15.8. Su tit sao bdn bdo ton ciia ADN
A X A X
P
. ADN polimeraza
3' + \p 3 phuthugcADN 3'
P \OH \i\P \OH S b \P \OH
N | \ PP NN
5' 5'
3'

Sdi dan dau

3 IR AR RN N R AR

Boan Okazaki
¥

Téng hop
doan Okazaki -

Téng hop ARN méi

i \i 3 5933 Chu ky
3% ti€p theo
—— P —
5 3
5 o
3 Hsg 3'Hs Nobi cac .
doan Okazaki

Loai bé ARN mdi
Hinh 15.9. Qud trinh tir sao ADN
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15.4.2. Co ché& qua trinh tu sao ADN (hinh 15.9, 10)

Co ché qua trinh tu sao dua trén nguyén tac toéng hop theo chiéu tur 5 dén 3. Vi
vay, & soi thit hai khong thé téng hop lién tuc ma tong hop ting doan ngan nhé ARN
méi theo chidu tir 5 dén 3 c6 chiéu dai tr 50 — 150 nucleotit goi 1a nhitng doan
okazaki (tén nha bac hoc Nhat Ban da phat hién ra). Qua trinh téng hop duoc thé hién
trén hinh 15.10.

Topoisomeraza

ADN xoén kép

Sgi helicaza

dan dau ~

Sci don &
mang protein

e Primosom

huo .
Khuén sgi Khuén sgi di sau

dan dau

o ADN polymeraza
Sgi dan dau
ADN mdi dugc
tong hgp

boan ADN ligaza

Okazaki

Tai tao déi x(ng
ADN polimeraza

Hinh 15.10. Sie tham gia ciia cdc enzim va protein khdc nhau vao qud trinh téng hop ADN

15.5. SINH TONG HOP ARN

15.5.1. Céac y&u t6 can thiét cho su sinh tdng hop ARN
- C6 enzim ARN-polimeaza phu thuoc ADN

- C6 cac ribonucleozit-triphotphat ctia c4c bazo A, G, U, X
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- C6 ADN khuon

Ngoai ra can ion Mg

15.5.2. Co ché sinh téng hgp ARN
Phuong trinh tdng quat :

ADN, Mg?*, enzim

nlATP + nzGTP + n3CTP + n4UTP
[(AMP)nl , (GMP)n2, (CMP)H3, (UMP)H4 ] + (nl + n2 + n3 -+ n4)(PP)

Co ché tu sao (hinh 15.11)

3’ ARN 5" ADN

Chiéu téng hap

; LN
- \P \P \P \OH P\}\p N\
NN NN N

Chiéu téng hap

P

A X G U G

5= S S NN
NANRNRNEN R

b)
Hinh 15.11. Co ché cua su tw sao
(a) : So d6 don gian cta su tur sao ; (b) : Co ché kéo dai thém moét don vi
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Co ché cta su sinh téng hgp ARN (hinh 15.12)

ARN polimeraza

ADN téng hop

Mach ADN
~ khuén 5

Ribonucleotit

Hinh 15.12. Co ché'sinh 16ng hop ARN
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