Vi sinh vdt hoc co sé PGS.TS. Trén Linh Thuéc

CHUONG 2

TE BAO VI SINH VAT

Chuong nay dé cip dén cdc qud trinh héa hoc cé vai trd quan trong trong hoat
dong s6ng cla t&€ bao, cdc nguyén tl¥, phan i, dai phan tif quan trong trong t€ bao; moi
quan hé giita cAu triic vd chifc ning trong t&€ bao; so sidnh giita t&€ bao prokaryote va
eukaryote.

1. Cédc dai phan tif sinh hoc
1.1. Cdc lién két trong hé thong sinh hoc

TAt cd cdc dang sdng déu c6 cic dang phan ti chung, trong d6 nhiéu phan ti
khong c6 trong cdc vat liéu khong song. Cdc phan tif sinh hoc ciing tuan theo cdc qui
luat vat Iy va héa hoc, chita cidc nguyén tif clia sdu nguyén td chinh: hydrogen, carbon,
nitrogen, oxygen, phosphorus (1in) va sulfur (Ivu huynh) trong tong s6 92 nguyén t& hién
dién trong qua dit. Trong sdu nguyén t6 nay, carbon c6 vai trd quan trong nhit, c6 kha
ning tao lién k&t khdc nhau véi cdc nguyén t6 khac dé hinh thanh cdc phan ¥ phifc tap,
da dang. Mdi nguyén tf ¢c6 mot nhadn mang cdc proton cé dién tich dudng va cdc neutron
khong mang dién; bén ngoai nhan 13 cic dién tif mang dién tich Am di chuyén trén cic
van dao chung quanh nhén. Sy chia sé cdc dién t& gilra cdc nguyén t& khdc nhau tao
thanh lién k&t héa hoc. N&u dién ti dugc chia sé déu giita hai nguyén t thi hinh thanh
lién k&t cong héa tri (covalent bond) bén vitng. Trong t& bao, lién k&t cong héa tri chi
dugc hinh thanh hodc bé gdy thdng qua nhitng phan &ng chuyén biét dugc xic tic bdi
enzyme.

Ngoai lién k&t cdng héa tri, trong cdc phan tit va dai phan tif sinh hoc con c6
nhitng lién két khdc c6 vai trd quan trong quyét dinh hinh dang ctia cdc dai phan tif hoic
st gin clia dai phan tf vao cdc hop chat khdc. C4c lién két quan trong nhat 1a:

- Lién k&t hydrogen (hydrogen bond): dudc hinh thanh do sy thu hiit ty nhién giita
cdc nguyén t& mang dién tich duong nhe v4i nguyén t& mang dién tich &m nhe trong
phan tt. Mot lién két hydrogen riéng 1& 1a ri't y&u so vdi lién két cong héa tri, nhung su
hinh thanh mot s6 lugng 16n cdc lién k&t hydrogen bén trong mdt phin tif hoic giita cic
phan tf thi chiing ¢ Iyc rAt manh va c6 dnh hudng rat I6n trén cdc phan tr. Mot sd dang
lién k&t hydrogen dudc trinh bay trén Hinh 2.2.

- Tuong tadc ky nudc (hydrophobic interaction): ddy la dang tuong tic gilta cdc
phan ky nuéc (bi nudc ddy ra) din d€n sy lién két, két tu giita cdc phan ky nudc nay.
Tuong tic ky nudc c6 thé xdy ra bén trong phin tif cling nhu giita cdc phan ti khic nhau.

- Luc van der Waals: 12 mot tuong tdc y€u giita cdc dai phan tit sinh hoc. Lyc nay
hinh thanh khi hai nguyén t& cich nhau mdt khodng 3-4A do sy bat ddi xting dién quay
khi cdc dién ti¥ chuyén dong. Khi khodng cidch giita hai nguyén ti nhé hon 3-4A ching
sé ddy nhau. Luc van der Waals ¢ vai trd quan trong trong sy gin clia cd chit vio
enzyme, trong tuong tac gilta protein va nucleic acid.

Trong céc hdp chat hitu cd khdc nhau trong hé thdng song, cdc nguyén t& khéc
dugc k&t hgp véi nguyén t6 C tao thanh nhitng nhém chitc ning (functional group) c6
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céc dic tinh héa hoc va vai trd sinh hoc khdc nhau trong t€ bao. Bang 2.1 liét k& mot s6
nhém chitc ning quan trong trong hé thong sinh hoc.

L8R Functional groups of biochemical importance

Chemical species Structure Biological importance
(o)
I
Carboxvlic acid = =0H Organic, amino, and fatty acids;
0 lipids, proteins
I
Aldehyde ——C=—H Functional group of reducing sugars
H such as glucose; polysaccharides
I
Alcohol —C—0H Lipids; carbohydrates
|
H
0O
I
Keto e Pyruvate, ditric acid cycle intermediates
H o
| Il
Ester —C=0=—C— Lipids of Bacteria and Eukarya, amino
l-li acid attachment to tRNAs
o
| I
Phosphate ester "L Pe=y—=— Nucleic acids, DNA and RNA
I I
@)
O
1
Thioester Ry—C~S—R, Energy metabolism, biosynthesis of fatty
acids
H H
| |
Ether —C=0—C— Lipids of Archaea; sphingolipids
| |
H H
o) o
I I
Acid anhydride R—C~0—P=0 Energy metabolism, for example, acetyl
| phosphate
O
(on o~
I |
Phosphoanhydride "O—P~0—P—0O"  Energy metabolism, for example, ATP
I i
0O O
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1.2. Nuédc la dung méi ciia hé thong song

B4n chit clia sy s6ng trén hanh tinh khong nhitng dugc xdc dinh bdi héa hoc cla
nguyén tif carbon ma con phu thudc va dic tinh clia nuéc. Nude chi€m ty trong 16n nhat
trong t€ bao (70 — 90%) va cédc phén ¢ng sinh héa trong t€ bao khong xdy ra khi khong
c6 dl nuSe trong t€ bao. Phin tif nudc c6 tinh phan cuc nhe, titc 1a dién tich (+) hoic (-)
c6 khuynh huéng tdch nhau ra trong phin tit. Tinh phan cuc nay din dé€n hé qud sau:

- C4c phan tlf phan cyc quan trong trong t& bao nhu protein, nucleic acid, chat
dinh dudng, ciac don phan d€ tao thanh cic dai phan ti... tan dugc trong nudc.

- C4c phan tif khong phan cyc nhu lipid khdng tan dudc trong nude va két tu lai
v6i nhau. Su két tu cda lipid din d&n hinh thanh nhitng hang rio nhu mang, ngin cin sy
di chuyén clia cdc phan tir phin cyc vao hoic ra khdi t& bao.

1.3. Cdc dai phédn tii sinh hoc ciia hé thong song

Céc dai phan tir sinh hoc c¢6 vai trd tao thanh ciu tric clia t€ bao, xic tic cdc
phan ng bi€n dudng va chita thong tin di truyén d€ sao chép thanh t&€ bao con. C6 bon
loai dai phdn t& sinh hoc quan trong la protein, nucleic acid, polysaccharide va lipid.
Trong s& nay, protein chi€m ty 1& rit cao (55% trong lugng kho cia t€ bao E. coli) do ¢6
nhiéu vai trd nhu vai trd ciu triic, enzyme, bdo vé, van chuyén... Thanh phan quan trong
vé s8 lugng sau protein 12 RNA (20,5%), do RNA tham gia vao thanh phan clia ribosome
hién dién rat nhiéu trong t&€ bao, ciing nhu c6 vai tro thong tin, van chuyén... trong tong
hdp protein. Ngugc lai, DNA chi€m ty 1& khong 16n trong t€ bao (3,1%) nhung c6 vai trd
cyc k¥ quan trong 13 chita thong tin di truyén d€ t€ bao ting trudng va tao t€ bao mdi
(Bdng 2.2).

1.1k~ & W Chemical composition of a prokaryotic cell®

Molecule Percent of dry weight’ Molecules per cell Different kinds

Total macromolecules 96 24,610,000 ~2500
Protein 55 2,350,000 ~1850
Polysaccharide 5 4,300 2
Lipid 9.1 22,000,000 ¢
Lipopolysaccharide 34 1,430,000 1
DNA 31 2.1 1
RNA 20.5 255,500 ~660

Total monomers 3.0 ~350
Amino acids and precursors 0.5 ~100
Sugars and precursors 2 ~50
Nucleotides and precursors 05 ~200

Inerganic ions 1 18

Total 100%

a Data from Neidhardt, F. C., et al. (eds.), 1996. Escherichia coli and Salmonella typhimurium—Cellular and Molecular Biology, 2nd edition.
American Society for Microbiology, Washington, DC.

b Dry weight of an actively growing cell of E. coli = 2.8 x 107" g; total weight (70% water) = 95 x 10" ? g,

¢ Assuming peptidoglycan and glycogen to be the major polysaccharides present.

d There are several classes of phospholipids, each of which exists in many kinds because of variability in fatty acid composition
between species and because of different growth conditions.
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Mbi dai phan tif sinh hoc 12 mdt polymer (da phian) dugc tao thanh bdi cdc don
phan (monomer) hoidc cdc don vi cAu thanh va dudc gdn véi nhau bing lién két cdng
héa tri. C4c dic trung clia loai don phan hodc don vi cAu thanh ndy c6 dnh hudng rit
quan trong dén dic trung ciu tric va chifc ning cia mdi dai phan t. Trong nucleic acid
va protein, trinh ty clia cdc don phan nay thay d6i theo mdi phin tif va chinh trinh tuy nay
quyé€t dinh hoat tinh sinh hoc ctia cdc dai phan tif tuong ng trong t&€ bao.

1.4. Polysaccharide

Polysaccharide 13 phan ti da phian dudc tao thanh tir hing trim dén hang ngan
don vi dudng phan t& lugng nhd (carbohydrate, CHO). Cédc carbohydrate chda 4 — 7
nguyén ti carbon l1a dang phd bi€n nhit trong t& bao. Cic loai phan tir carbohydrate
khdc nhau c6 thé dudc tao thanh tif mot sudn ciu tric chung bing cich thay cic nhém
th€ va bing cdch thay ddi vi tri khong gian ctia nhém OH- trong mach carbon, tao ra cic
ddng phan 1ap thé (stereoisomer).

C4c don phin dudng trong polysaccharide dudc ndi v6i nhau bing lién két
glycoside (glycosidic bond). Lién k&t glycoside ton tai & hai huéng lién k&t khac nhau 1a
12 lién k€t o va lién k&t B (Fig. 2.6). Lién k&t o -1,4- giita hai phan ti glucose 1a dang
du trit ning lugng va du trit carbon quan trong & vi khuén, thuc vat, dong vat (trong tinh
bot, glycogen). Lién k&t B-1,4- gifta glucose 12 dang ciu thanh thanh phin véch t& bao
(celluolose). Cac phan ti polysaccharide khdc nhau c6 th€ dudc tao thanh bing cich
thay d8i huéng clia cic lién két glycoside, thay di loai carbohydrate don phan, phdi hop
hai hozc nhiéu don phan carbohydrate khdc nhau trong mot phin ti polysaccharide. Cic
polysaccharide con cé thé lién két v6i cac dai phan ti sinh hoc khac nhu protein, lipid
tao thanh polysaccharide phitc nhu glycoprotein, glycolipid, c¢6 vai tro tudng tdc v4Si cac
thanh phin cta moi trudng, vi du nhu cdc thu thé (receptor) trén mang. Cic
polysaccharide quan trong trong t&€ bao 1a cellulose, glycogen, tinh bot va peptidoglycan.

6 CH,0OH CH,0H

FIGURE 2.6 Polysaccharides (a) Structure of different gly-
cosidic bonds. Note that both the linkage and the geometry of

| | | I |
H OH . ~ OH the linkage can vary about the glycosidic bond. (b) General
B-1,4-Glycosidic bond structures of some common polysaccharides. Note color
coding to (a).
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1.5. Lipid

Lipid 13 thanh phan quan trong ca mang. Lipid ¢é chira phan wa nudc (phin cuyc)
va phan ky nu6c (khong phan cuc) nén két tu lai thanh mang v6i phdn va nudec hudng ra
mdi trudng nuSc bén ngoai va bén trong t&€ bao, con phan ky nuéc huéng vio bén trong
mang, trdnh mdi trudng nude. Ban chi't héa hoc clia lipid thich hgp cho vai trd tao mang
chin ngin cdn sy thAim tu do clia cdc phin tif phan cuc qua mang. Lipid c6 thé & dang
don gidn hodc phic tap. Dang lipid don gidn dudc goi 1a triglyceride trong d6 ba nhém
acid béo gidn v6i mot phan tit glycerol. Dang lipid phifc tap 1a lipid don gidn c6 chita cdc
nguyén td khidc nhu P, N, S hoidc chifa cdc nhém wa nuSc nhu dudng, ethanolamine,
serine, choline. Lipid chita nhém phosphate dugc goi la phospholipid 1a mot nhém lipid
phifc tap ri't quan trong trong ciu tao clia mang.

1.6. Nucleic acid

Trong t&€ bao c6 hai dang nucleic acid chinh 12 DNA vad RNA. C4 hai phan tf nay
déu dugc tao thanh tir cic don phan nucleotide. Mot s nucleotide cdn c6 vai trd trong su
bi€n dudng ning lugng nhu ATP (adenosine triphosphate). Phan tr nucleotide gom c6
mot dudng, phosphate va mot base nitric. Hai nucleic acid 1a DNA va RNA khac nhau &
thanh phan dudng (deoxyribose va ribose) trong nucleotide. Nucleic acid dudc tao thanh
nhd lién k&t cong héa tri gitta cdc nhém dudng va phosphate clia hai nucleotide ké nhau,
tao thanh khung dudng phosphate. Tinh chit doc ddo clia nucleic acid dudc tao ra bdi
trinh tu cdc base trong bd khung nay. Mdi loai nucleic acid c¢6 bdn loai base, trong d6 ba
loai base adenine (A), guanine (G) va cytosine (C) hién dién trong cd hai loai nucleic
acid. Base thit tv  DNA 1a thymine (T) va § RNA 1a uracil (U).

Phan tif DNA gdm hai sdi khung dudng — phosphate dugc gift gin véi nhau biing
lién k&t hydrogen giita cdc base ctia hai sgi. C6 sy uu tién trong su bit cip base dé tao
lién k&t hydrogen. V& mit ciu tric, bon loai base thudc hai nhém khédc nhau 1a purine
va pyrimidine. Ludn c6 sy bit cip clia mdt purine § mot sgi véi mot pyrimidine & sgi
kia, cu thé 12 A v6i T va G vdi C. Do viy, hai sdi cia phan t DNA c¢6 trinh tu bé sung
cho nhau. N&u biét trinh tu base clia s¢i nay thi s& suy ra dudc trinh ty base clia sgi kia
dua vao qui luat bit cip bd sung. Tinh chit nay gitp t€ bao mot bién phap thuin 1gi dé
sao chép chinh x4c trinh ty DNA chita thong tin di truyén.

RNA khic véi DNA & chd chi ¢6 mach don (sgi don). Ngoai ra, phian tif RNA chi
dai t6i da vai ngan nucleotide trong khi DNA c6 thé dai d&€n hang triéu nucleotide. C6
ba loai RNA phd bi€n 1a RNA thong tin (mRNA), RNA van chuyén (tRNA) vdi RNA
ribosome (rRNA), déu tham gia va cé vai trd quan trong trong viéc chuyén trinh ty
nucleotide ciia DNA thanh trinh ty amino acid trong phan t& protein.

1.7. Protein

Protein 12 phin tit da phin dudc ciu tao bdi chudi cdc amino acid ndi véi nhau
bing lién k&t peptide. Lién két nay dudc tao thanh giita nhém amine clia amino acid nay
véi nhém carboxylic acid clia amino acid kia. Hai muoi amino acid khac nhau vé tinh
chat héa hoc clia cdc nhdnh bén trong phan tit. C4c dic tinh ky nu6c va wa nude cla cic
ving trén phan tif protein dudc quyét dinh bdi dic tinh cla cdc amino acid trong viing
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tuong ng. Céc dic tinh rd't da dang cia clia amino acid cho phép tao thinh mot s lugng
khong han ché cic protein khdc nhau bing cach thay ddi trinh ty amino acid.

Phan ¥ protein khong ton tai & dang polymer mach thing ma udn khiic bing
nhiéu ki€u khac nhau. Cdc nha sinh héa hoc phin biét bon cAp d6 ciu tric protein nhu
sau:

- C4u triic bAc mot (primary structure) 12 trinh ty cdc amino acid.

- Cau tric bac hai (secondary structure) 12 k&t qud do sy hinh thanh cdc vong
xodn (helix) hoic cdc phié€n (sheet) trong sdi polypeptide do lién k&t hydrogen giita cic
nguyén ti (Fig. 2.15).

- CAu tric bac ba (tertiary structure) 13 ciu tric uén khiic nhiéu hon do cic lién
k&t khong cdng hda tri hodc cong héa tri (lién két —SH).

- Cau tric bic bdn (quaternary structure) 13 sy két hdp clia nhiéu phan tk
polypeptide thanh mdt phan t protein cé hoat tinh.

0
i
o H B i Hydrogen bonds
R between distant
(a) (b) amino acids

FIGURE 2.15 Secondary structure of polypeptides. (a) a-Helix secondary structure. Note that hydrogen bonding does nc
volve the R groups but instead occurs between atoms in the peptide bonds. (b) B-Sheet secondary structure.

Pic tinh udn khiic niy 13 rit can thi€t d€ tao cho phan ti protein mdt hinh dang khong
gain dic trung tao diéu kién cho cdc phan ti khic gin vao bing lién k&t khong cong hda
tri. Su udn khic nay bi mat di khi protein bi bién tinh (denaturation) bgi nhiét do, pH,
ho#c bdi mot s& héa chat, kim loai. Khi d6 phan tif nay mat hoat tinh xic tdc hodic chic
ning cau tric (Fig. 2.18).
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Gentle protein Harsh
denaturation
100°C

protein

FIGURE 2.18 Denaturation of a protein using ribonuclease
(whose structure was discussed in Figure 2.16b) as an exam-
ple. Note how harsh denaturation generally yields a perma-
nently destroyed molecule from the standpoint of biological
function because of improper folding.

Khi mot phan tif chita nguyén tir carbon ¢6 bon nhém thé€ khic nhau thi phan t
nay c6 thé tao thanh cic dong phan lap thé (stereoisomer hay enantiomer). Cic dong
phan nay cé cdng thiic ciu tao gidng nhau nhung dong phin nay 1a dnh qua guong cia
ddng phan kia (tuong tu nhu ban tay trdi 12 4nh qua guong cla ban tay phdi). Cdc dong
phian nay & dudng va amino acid dudc dit tén 1a D- va L-. Péng phin D- clia dudng
chi€m wu thé trong hé thdng song. Trong khi d6, dong phan L- chi€ém wu th€ § amino
acid trong t€ bao.

2. Sinh hoc t& bao vi sinh vat
2.1. Kinh hién vi quang hoc

T& bao vi sinh vat c6 kich thudc qud nhé khong thé thdy bing mit thudng. Do
vay, mudn nghién cttu dic di€m hinh thdi cda vi sinh vat, cAn st dung cdc dung cu
phéng dai 1a kinh hi€n vi. Kinh hi€n quang hoc 12 dung cu thudng dugc dung d€ nghién
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cttu hinh thdi t€ bao. Nhiéu k§ thuit khiac nhau cda kinh hién vi quang hoc: nén sing
(bright-field), d6i pha (phase constrast), nén tdi (dark-field), huynh quang (fluorescence)
da dugc nghién cttu dé d4p @ng nhitng yéu cau quan sat chuyén biét.

- Kinh hién vi nén sing dva vio sy khdc nhau & d6 tuong phdn giita t& bao va
moi trudng xung quanh. Cac thudc nhudom dudge sit dung dé€ 1am ndi bat va ting do tuong
phén clia cdc ciu tric t€ bao chuyén biét. Cdc thudc nhudém mang dién duong nhu xanh
methylene (methylene blue), tim két tinh (crystal violet), safranin thudng dugc st dung
vi chiing c¢6 kha ning gin chiit vio cdc thanh phan tich dién Am clia bé mit t& bao. Ky
thudt nhudém quan trong nhat 1a nhudm Gram, cho phép phan biét t€ bao va vi sinh vat
dva trén cau tric vach t€ bao; theo d6, vi khudn dugc chia thanh hai nhém: Gram 4m va
Gram duong. Mot nhudce di€m clia phuong phdp nhudm 13 thudng 1am chét t& bao va cé
thé 1am bi€n dang t& bao.

- Kinh hién vi d6i pha dugc trang bi bd phan dic biét G vat kinh c6 tdc dung lam
ting d6 phan gidi cla kinh hi€n vi ma khong cAn nhudm.

- Kinh hién vi nén t&i dudc thi€t k& sao cho 4nh sdng d€n mau tir phia bén cia
tiéu ban, do vdy miu vat dugc thdy trén mot nén tdi. K§ thuit nay cho phép lam ting
cao do phan gidi ddi v6i mau khdng quan sat dugc bdi k§ thuit nén sang va ky thuat doi
pha, dic biét dugc ding d€ quan sat sy di dong ciia t& bao vi sinh vat.

- Kinh hién vi huynh quang dugc diing &€ quan sat vt thé phat huynh quang. Vat
thé nay cé thé 1a thanh phan ty phat huynh quang (autofluorescence) clia t& bao (vi du
nhu diép luc t6) hodc 1a thanh phan hay toan bo t€ bao dudc nhudm bing phim nhuém
phat huynh quang. Kinh hién vi huynh quang thudng dudc ding trong chin doin bénh va
trong sinh thdi hoc vi sinh vat.

Mic di nhiu c3i ti€n gidp ting dd phan gidi cia kinh hién vi quang hoc nhung
céc loai kinh nay c6 gi6i han do phan gidi & mifc 0,2um. Céc ciu tric nhd, tinh vi hon
clia t& bao c6 thé thdy dugc nhd kinh hién vi dién ti.

2.2. Tong quan vé cdu triic té bao va y nghia ciia kich thuéc nhé

T& bao prokaryote ctia vi khudn va vi khudn cd chita mot s§ cau tric d€ thuc
hién cdc chifc ning khic nhau. Cédc ciu tric quan trong nhat clia t€ bao prokaryote 1a
mang t&€ bao chat (cytoplasmic membrane), ribosome va bd gen (genome). Ribosome 1a
thanh phan hién dién véi s6 lugng 16n trong t&€ bao (10.000 ribosome/t& bao). Bd gen ton
tai & dang mot phan tf DNA & dang két tu goi 14 thé nhan (nucleoid) khi nhin dudi kinh
hién vi dién t.

Ngoai cdc thinh phan cin bdn néu trén, t& bao con c¢é vach t€ bao (cell wall) dé
bdo vé t& bao ddi v6i dp sudt thim thadu. Trong mot s trudng hop, t&€ bao prokaryote
con tao cdc thé vii (inclusion) d€ chita cdc chat du trit. Nhiéu vi khudn c6 thé chuyén
dong nhd cdc ciu tric goi 1 tién mao (flagella).

V& hinh thdi, vi khuin c6 thé c6 dang hinh ciu, hinh que va hinh cong hoic xoin.
Nhiéu vi khuidn hinh dang cum lién t& bao, khong tdch nhau sau khi phan chia.

Khic véi t&€ bao prokaryote, t&€ bao eukaryote to va phifc tap hon nhiéu. Ngoai
nhitng thanh phan cin bin nhu t& bao prokaryote, t& bio cé ciu tric nhan (nucleus) nim
bén trong mang nhin va bo gen dugc td chitc thanh nhitng phan tif DNA rd rét goi la

17

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vi sinh vdt hoc co sé PGS.TS. Trén Linh Thuéc

nhiém sic thé (chromosome). T€ bao eukaryote con chita cic bao quan quan trong khic
trong do6 c6 ti thé (mitochondria) va diép lap thé (chloroplast).

Kich thudc nhd cda vi sinh vat mang mot s6 ¥ nghia quan trong. Kich thuéc vi
khu&n thay d6i trong khodng tir 0,1 — 0,2um dén 50pm dudng kinh. Ty 1& bé mit so véi
dung tich t& bao 1a dai lugng cho biét c6 bao nhiéu dién tich mang phuc vu cho sy cung
cap chat dinh dudng cho t€ bao trong mot don vi dung tich t€ bao chit vi cdc chit dinh
dudng cin cho cdc phan ¥ng bi€n dudng trong t€ bao chi't cin dugc van chuyén xuyén
qua mang. Khi kich thudc t&€ bao ting, dung tich ting nhanh hon so vé6i dién tich bé mit.
O t€ bao kich thu6e nhd, ty 1é giita b& mit véi dung tich t& bao s& 16n hon nhiéu so véi
t€ bao kich thudc 16n. Piéu nay tao diéu kién cho t&€ bao trao d6i chit véi moi trudng
bén ngoai nhanh chéng hon va cho phép t&€ bao ting trtdng nhanh hon t&€ bao kich thudc
16n.

2.3. Cdu triic mang t& bao chat

Mang t€ bao chit 1a mot hang rao chon loc ngin céch t&€ bao chit vdi mdi trudng
bén ngoai. TE bao dugc td chic ra't thi tu chit ché. PE giit dudc trat ty nhu vy, t& bao
cin ki€m sodt dugc vat chat di vao va di ra khdi t€ bao. Su ki€m soat nay dudc thuc
hién chii y€u bdi mang t€ bao chat, trong d6 16p phospholipid kép c6 vai trd ngin cdn sy
qua lai khong kiém sodt ctia vat chat. Nhém glycerol wa nudc cla lipid dugc sip x&p &
mat ngoai clia mang trong khi cdc acid béo ky nudc tu tip bén trong mang. LGp ky nude
nay ngin can sy chuyén dich qua mang cda cic phan ti phin cuc, tich dién tan trong
nudc. Cac phan ti nay chi dugc van chuyén qua ming thong qua cic protein xuyén qua
mang (trannsmembrane protein). T& bao c6 kh3 ning diéu hoa thanh phin va hoat dong
clia cdc protein vin chuyén nay dé€ kiém sodt su di chuyén clia phan t¥ vao va ra khdi t&
bao (Fig. 3.18).

Thanh phan lipid trong mang thay d6i & cdc gi6i vi sinh vat. 0 gi6i vi khuin
Bacteria va gidi nhan that Eukarya, lién két giita glycerol va mach ky nudc 1a lién két
ester. O gi6i vi khuin c8 Archaea, lién két nay 1a lién két ether va mach ky nudc khong
la acid béo ma 1a mach truing ngung ctia cdc phan t isoprene phin nhanh.

2.4. Chiic ndng ciia mang té¢ bao chdt

Mang t€ bao chit c6 chic ning 12 hang rao ngin cdn sy khuéch tdn cla cédc
thanh phan t&€ bao chit vao va ra khéi t& bio; mang ndy 14 noi khu tri cda nhiéu protein
c6 chic ning 12 enzyme, van chuyén; mang 13 thanh phan tham gia vao viéc luu trit
ning lugng cho t€ vao.

Céc protein & mang t€ bao chit c6 vai trdo trong cdc hoat tinh bi€n dudng phu
thudc mang. Mit ngoai clia mang c6 vai trd trong su vin chuyén chit dinh dudng, con
mit trong clia t€ bao cé vai trd trong sy truyén dién tir. Cdc protein dugc chon trong
mang lipid can chta viing ky nudc d€ gin vio dugc vio mang.

Nhiéu protein mang cé vai trd van chuyén cic hdp chit chuyén biét bing cich
gin vao cd chdt va gidp cd chit xuyén qua dugc 16p ky nudc bén trong mang. Cic
protein nay c6 tén goi la protein van chuyén & mang (membrane transport protein).
Ngudi ta phan biét cac protein nay thanh cic nhém: protein vin chuyén don mot chiéu
(uniporter), protein van chuyén kép mot chiéu (symporter) va protein van chuyén kép
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ddi chiéu (antiporter). Uniporter ¢ vai trd van chuyén cd chit tir phia nay sang phia kia
clia mang. Symporter va antiporter vin chuyén cd chit vd mot phan t khdc qua mang.
Symporter van chuyén ca hai phin ti theo ciing mdt chiéu, trong khi d6, antiporter van
chuyén mot cd chi't vio va mot co chat khac ra khdi t& bao (Fig. 3.25, 3.26).

~— Phospholipids 3 Hydrophilic
4o groups

Hydrophaobic
groups

1
— Integral membrane proteins

FIGURE 3.18 Diagram of the structure of the cytoplasmic membrane. The matrix of the unit membrane is composed of phos-
prolipids, with the hydrophobic groups directed inward and the hydrophilic groups toward the outside, where they associate
with water. Embedded in the matrix are proteins that have considerable hydrophobic character in the region that traverses the
fatty acid bilayer. Hydrophilic proteins and other charged substances, such as metal ions, may be attached to the hydrophilic
surfaces. Although there are some chemical differences, the overall structure of the cytoplasmic membrane shown is similar in
bath prokarvotes and eukarvotes (but see an excention tn the hilaver decion in Fienra 2911

)

o 8
L _ _.
M © @ e me

» ST S I I B () Uniporter Antiporter Symporter

(@ FIGURE 3.25 Structure of membrane-spanning trans-
porters and types of transport events. (a) In prokaryotes,
membrane-spanning transport proteins typically contain 12
alpha helices (shown as connected barrels here) that forma
channel through the membrane. (b) The three transport
events that can occur; the molecule transported into the cell
is shown in red. For antiporters and symporters the cotrans-
ported molecule is shown in vellow.
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Khi néng d6 chit dinh dudng trong mdi trudng thdp, cdc hé thdng van chuyén
nay gidp t&€ bao cd dic nong dd chat dinh dudng bén trong t€ bao. Qud trinh ndy cain
ning lugng. Protein van chuyén c6 dic di€m gidng v6i enzyme & chd mot protein nhat
dinh chi gdn dudc vao mot phan tif chuyén biét hoic mdt nhém cdc phan tif c6 ciu tric
tuong tu nhau. Ionophore 12 nhitng hgp chit c6 tdc dung ph4 v& tinh thAm chon loc cia
mang.

Su khuéch tin hd trg (facilitated diffusion) 1a dang khué&ch véi sy gitp dd cla
mdt chdt mang nhung khong cAn ning lugng.

Vit chat dugc van chuyén cé thé giit nguyén cau hinh (su van chuyén tich cuc)
hoic c6 thé bi bi€n d6i héa hoc (hodn vi nhém, group translocation). Hé thdng
phosphotransferase 12 mot vi du di€n hinh cda sy hodn vi nhém. Pudng dudc phosphoryl
héa bing nhém phosphate ctia phosphoenol pyruvate trong khi van chuyén. Do lién két
phosphate chita ning lugng cao nén qua trinh nay giai phong ning lugng.

Trong van chuyén tich cuc, ¢6 sy tham gia clia mot bom cin ning lugng va cd
chat dudc van chuyén qua mang & dang khong thay ddi. Ning luong cin cho sy vin
chuyén nay c6 ngudn gdc tlr 4nh sdng, tir sy phan hily chat hitu co hodc vo co gitip hinh
thanh mot dién th€ mang 12 mot gradient proton H xuyén qua mang. Khi co chat dugc
van chuyén bdi mot protein 12 vit mang chuyén biét thi proton ciing di chuyén qua mang
vao bén trong t€ bao va lam gidm dién th€ mang. Dién th€ mang va gradient proton
gitip cho sy vin chuyén chat dinh dudng vao bén trong t& bao.

Su lién ké&t gradient proton hay dong luc proton (proton motive force) va céc
protein van chuyén cta t€ bao, cho phép cic protein van chuyén bom chit dinh dudng
vao bén trong t&€ bao st dung ning lugng clia gradient proton nay ma khong can ATP.

Khi gradient proton hinh thanh, cdc cation nhu K* c6 thé dudc van chuyén vio
bén trong t&€ bao bing unipoter vi bén trong t&€ bao tich dién 4m. C4c anion sé& dugc van
chuyén vao t&€ bao chung véi proton bdi symporter. Hai trudSng hdp nay lam gidm dién
thé mang.

Na™ thira bén trong t&€ bao dugc bom ra ngoai bing antiporter thay biing proton tir
bén ngodai vao nén giit nguyén dién th€ mang.

Céc phan tif khong tich dién nhu dudng, amino acid dugc van chuyén vao t&€ bao
bing symporter, mdt phan tif co chit dugc van chuyén ciing liic v6i mot hay vai proton.

Trudng hop van chuyén tich cuc nhung khong lién két véi mot gradient proton thi
diing ning lugng ctia ATP d€ thuc hién sy van chuyén.

2.5. Vdch t&¢ bao prokaryote

T4t ci t€ bao prokaryote cAn c6 vich (cell wall) d€ bido vé t& bao trdnh dnh
hudng do thay d8i manh vé dp sudt. Nong do clia chit tan bén trong t€ bio thudng cao
hon bén ngoii t€ bao. Sy khong cin biing nay c6 thé dugc khic phuc bing cich cho
nudc di qua mang d€ vao t&€ bao chat (su thim thau). Vich t& bao gitip t& bao chiu dugc
4p luc thim thau. Néu diing enzyme lysozyme thly phan thanh phin peptidoglycan clia
vach t&€ bao, thi t&€ bao s& phong to 1én va v& tan ra. Tuy nhién, néu t&€ bao nay dugc dit
vao dung dich sucrose c¢é ndng dd tuong ¥ng véi ndng dd chit tan bén trong t& bao, t&
bao dugc dn dinh, c6 thé ting trudng dudc.
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FIGURE3.29 Cell walls of Bacteria. (a,b) Schematic diagrams of gram-positive and gram-negative cell walls. (c) Electron mic
graph showing the cell wall of a gram-positive bacterium, Arthrobacter crystallopoietes. (d) Gram-negative bacterium, Leucothrix
mucor. (ef) Scanning electron micrographs of gram-positive (Bacillus subtilis) and gram-negative (Escherichia coli) Bacteria. Nott
the surface texture in the cells shown in (e) and (f). A single cell of B. subtilis or E. coli is about 1 um in diameter.

Vich t&€ bao prokaryote chita thanh phan héa hoc dic trung khong c6 trong t&
bao eukaryote. J Gi6i vi khudn, t& bao c¢6 vach chita 16p peptidoglycan (con dudc goi la
murein) day nhung khong c6 cau tric quan trong khéc thi thudc nhém Gram duong. Vi
khudn c6 vich peptidoglycan méng vi mot mang ngoai thudc thanh phan ciia vich t&
bao thi nhudm Gram am (Fig. 3.29).
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L6p peptidoglycan 12 mdt 16p polysaccharide dugc tao thanh bing cdch ndi chéo
cdc mach glycan bing lién k&t peptide gifta cdc amino acid clia cdc mach. Sy ndi chéo
lam ting dd bén cla 16p peptidoglycan. Pon phin ciu thanh ciia peptidoglycan dudc tao
thanh tr hai din xuit dudng 1a N-acetylglucosamine va N-acetylmuramic acid va mot
doan ngin amino acid. Peptidoglycan hién dién trong tit cd vi khuin c6 véich t&€ bao (trir
mycoplasma khoéng cé vdach) nhung khdng c¢6 § Archaea va eukaryote. Tuy nhién, mot
s6 Archaea thudc nhém sinh methan (methanogen) cé vach t&€ bao dugc ciu tao bdi mot
polysaccharide tuong ty nhu peptidoglycan goi la pseudopeptidoglycan (Fig. 3.35) .

Lysozyme-insensitive r
i (CHz = N-Ace
| ‘C=0 gre.:
(B1-+ 3) Rpa |
0 Na—

|
Ho N
e
N-Acetylglucosamine | .

Chia7s

4

Peptide
cross-links

id:— N-Acetylglucosamir

FIGURE335 The S-layer and pseudopeptidoglycan. (a) Transmission electron micrograph of a portion of an S-layer show:
the paracrystalline nature of this cell wall layer. Shown is the S-layer from the prokaryote Aquaspirillum serpens (a member ¢;
the Bactenia); this 5-layer displays hexagonal symmetry as do many of the S-layers found in Archaea. (b) Structure of

pseudopeptidoglycan, the cell wall polymer of Methanobacterium species. Note the resemblance to the structure of peptidog:

can shnwr} in lf'lgurg 3.31, especially the peptide cross-links, in this case between N-acetyltalosaminuronic acid residues ins::
of muramic acid residues. ’

2.6. Mang ngoai ciia vi khudn Gram am

0] mang ngoai clia vi khuAn Gram Am, ngoai phospholipid con chita lipid gin véi
polysaccharide (goi 1a lipopolysaccharide). Thanh phin lipid ndy c6 vai trd quan trong
trong tinh gy bénh cta vi khudn Gram 4m vi hai ly do: (1) ddc d6i véi dong vat; (2)
khdc nhau nhiéu giita cdc chling (nhi't 1a thanh phan O-polysaccharide). Su da dang nay
cho phép cdc ching gdy bénh tdn cong vao hé thong mién dich ctia dong vat va ngudi.
Maing ngoai c6 tinh thAm cao hon mang nguyén sinh chit. Mang nay c6 chita céc protein
porin tao nhitng 16 nhé trén mang khong cho phép cic dai phan t di qua. Do vy, cdc
protein dudc t€ bao ti€t ra qua mang t&€ bao chat va dugc giit lai trong viing giita mang t€
bao chit vi mang ngoai § vi khudn Gram am (viing chu chat, periplasmic space). Cic
protein hién dién & viing ndy c¢6 cic enzyme thly phin cdc hgp chit cao phan tit (budc
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diu tién trong phan hiy thic in), cdc protein cé vai tro trong vin chuyén cdc chit dinh
dudng, cac thu quan hda hoc c6 vai tro trong cac dap tng huéng hda (chemoreceptors).
(Fig. 3.37).
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FIGURE 3.37 The gram-negative cell wall. (a) Arrange-
ment of lipopolysaccharide, lipid A, phospholipid, porins,
and lipoprotein in the outer membrane. See Figure 3.36 for
details of the structure of LPS. (b) Molecular model of porin
proteins. Note the three pores present, one formed from
each of the proteins forming a porin molecule. The view is
perpendicular to the plane of the membrane. Model based
on X-ray diffraction studies of Rhodobacter blasticus porin.

2.7. Su tong hop vdch & bao va su phén bao

Thanh phian don phan clia peptidoglycan dugc tong hdp trong t&€ bao chat.
Monomer nay dugc mdt protein van chuyén lipid goi 13 bactoprenol van chuyén qua
mang va gin monomer vao cdc ddu m& & vach t€ bao dugc tao ra bdi autolysin. Cac
tetrapeptid & cdc mach glycan k&€ cin nhau dugc k&t ndi chéo nhau goi la
transpeptidation. Qud trinh ndy bi dc ch€ bdi penicillin. Do vay, khi cdc t€ bao dang
phan chia bi xit ly bdi penicillin, viéc hinh thanh vdch t&€ bao bi tc ch& nén t€ bao bi v
tan va chét (Fig. 3.41).
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2.8. Vidch t&¢ bao nhan that
Nam va tdo ¢ vich t&€ bao chira thanh phin polysaccharide 1a cellulose va chitin.
Mot s6 tdo con chita hgp chat vd co nhu calcium carbonate hoic silica trong vach t&€ bao.

2.9. Tién mao va cdc ddc tinh di dpng & vi khudn

C4c t€ bao prokaryote va eukaryote cé cdc ciu trL’lc gitip t€ bao di dong
(motility). CAu tao va co ché& hoat dong clia cdc ciu tric nay & t€ bao prokaryote va
eukaryote la khac nhau. o) prokaryote, cAu tric nay 1a tién mao (flagella) c6 cau tao don
gidn va c6 vai trd 12 canh quat day. 0 eukaryote, ciu triic nay 1a cdc 16ng (cilia) c6 cau
tao phtic tap va chuyén dong nhu mot cdi roi ddy t&€ bao bdi sy trugt clia cic vi dng
(microtubule) tuong ty nhu cdc sdi co.

Tién mao & vi khuin dugc ciu tao bdi cdc don vi protein 12 flagellin. Trong dng
nghiém, cic flagellin dang tinh ché& c6 thé két tu lai tao thanh sgi tién mao. Nhu vay,
bing tudng tic d€ tao ciu tric bac 4 cda protein, cic flagellin c6 thé tu 1ip ghép lai
thanh flagella ma khong cin cé sy hién dién clia protein khic. Sy di dong dudc tao ra
bdi thé nén (basal body) 1a cic protein hién dién trong vach t€ bao va mang (Fig. 3.48).

Su di dong chi c6 y nghia d6i véi vi khuin khi né dudc dinh huéng. Nhiéu vi
khuin c6 chuyén dong huéng héa (chemotactic). Nhu vay co ché& nao gitp t&€ bao nhian
biét dudc gradient héa hoc va ddp ng v6i gradient nay? Vi khudn c6 hai ki€u di dong:
(a) boi thing theo chiéu ti€n hoic lui va (b) ngung boi va chuyén huéng. Huéng di dong
ti€n hoic lui s& thay ddi tiy vio hudng quay cda tiém mao (thuin hay ngugc chiéu kim
ddng hd). Viéc ngung va chuyén hudng dudc thuc hién bing cdch bung céc sgi tién mao
(Fig. 3.49). TAn s6 xoay thay d6i khi t€ bao cAn di chuyén vé phia hoic ra khdi chit din
du héa hoc. Cdc thu quan nay 1a cdc protein & viing chu chat dudc goi 1a thu quan héa
hoc (chemoreceptor). Khi cdc thu quan nay gén vdi chat din du chuyén biét, thu quan sé&
tuong tic v6i cdc protein mang 13 MCP. MCP truyén tinh hiéu cho Che Y 1a mdt protein
c6 vai trdo ki€m sodt huéng quay cda tiém mao. Ngoai ra, MCP con c¢6 vai tro 12 bd nhé
khi dugc methyl héa. T€ bao d4p ng dugc vdi nhitng bi€n d6i vé ndng dd theo thdi gian
chit khong theo khong gian. Sy tudng tdc ciia chemoreceptor vé MCP s€ cam
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ﬂ(:'-URE 348 Structure of the prokaryotic flagellum and attachment to the cell wall and membrane in a gram-negative bac-
terium, The L ring is embedded in the LPS, and the P ring in peptidoglycan. The S-M ring is embedded in the cytoplasmic
membrane. The Mot proteins function as the flagellar motor, whereas the Fli proteins function as the motor switch. The flagel-
larmotor rotates the filament to propel the cell through the medium.
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FIGURE 3.49 Manner of movement in polarly and peritrichously flagellated prokaryotes. (a) Peritrichous: Forward monaJ
imparted by all flagella rotating counterclockwise (CCW) in a bundle. Clockwise (CW) rotation causes the cell to tumble, and
then a return to counterclockwise rotation leads the cell off in a new direction. (b) Polar: Cells change direction by reversing
flagellar rotation (thus pulling instead of pushing the cell) and then return to pushing. The large yellow arrows show the din
tion the cell is traveling.
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ting su methyl h6a MCP. Mitc d methyl héa thay ddi theo ndng d6 chit din du. Khi
khong con chat din du nita, nhém methyl sé& bi loai ra khéi MCP.

Céc vi khudn quang hdp (photosynthetic bacteria) c6 tinh di dong huéng quang
(phototaxis) gitip t& bao dinh huéng d€ c6 thé thu ning lugng hitu hiéu nhat.

2.10. Cdc cdu triic khdc trén bé mdt t& bao va cdc cdu tric du trit

Mot s6 ciu triic bé mit t& bao vi khudn gitp t&€ bao gin vio mot gid thé khic vi
du nhu gdn vio bé mit md clia ky chd, thu thé clia virdt... Tua vién (fimbriae) va sdi pili
12 nhitng cu tric do su ty 1ip ghép clia cdc don phan protein gidng nhau (tuong tu nhu
cach cua tién mao).

L6p S (S-layer) 1a mot 16p protein kép c6 thé c6 vai trd cho phép thAm qua cic
phan tif nhd phan cuc nhung vAn giit khong cho phin tit 16n di qua. G vi khuén gdy bénh,
16p nay c6 thé c6 vai trdo chdng lai hé thdng phong vé clia t& bao chi.

Glycolax la thuat ngit chung cho céc polisaccharide ngoai bao. Mot s6 vi sinh vt
gdy bénh bit diu qud trinh nhiém clia minh bing cdch gin vao t&€ bao, mo chii thong
qua glycolax, hodc trong trudng hgp khac glycolax cho phép vi sinh vat gdy bénh xam
chi€m hé thong bdo vé clia t& bao chil.

Trong t&€ bao, c6 mdt sd ciu tric c6 vai trd trit cdc polymer clia carbon (glycogen,
poly-alkanoic acid) hoic phosphate (polyphosphate). Cdc hat chita nguyén t6 luu huynh
hién dién trong vi khuan 6xi héa Ivu huynh. Céc tii gas (gas vesicle) 1a c4u triic protein
gdm cic khe c6 thé chira khi .

2.11. N¢i bao ti

Ndi bao tit (endospore) clia vi khuin rat quan trong trong cdc tng dung can khir
trung do tinh bén vitng ddi v4i nhiét. Chi mot s& giong vi khuidn cé thé tao ndi bao ti.
Khi mdi trudng can kiét dinh dudng, mot s6 t&€ bao sinh dudng phan héa thanh noi bao
tt. Tinh bén nhiét ctia bao tit 12 do dipicolinic acid va ion calcium. No6i bao tif ¢6 thé huu
mién trong vai chuc nim thAm chi d&n vai nghin nim. Khi gidp moi trudng thuin 1gi, c6
chit dinh dudng thi niy mam tao t€ bao sinh dudng (Fig. 3.67).

2.12. B§ gen ciia vi khudn

Trong t& bao vi khudn, DNA 12 mot phin ti trin dang vong gip khiic va tu xodn
nim trong t&€ bao chat. CAu tric ndy clia DNA dudc goi 1a nhiém sic thé clia vi khuin
hay thé nhan (nucleoid). Su gap khiic va xodn gitip cho phan t&f DNA c6 chiéu dai Imm
c6 thé hién dién trong t€ bao c¢6 dudng kinh 2 - 3um. Ngoai ra, khong gian chat hep
ciing budc DNA tao nén cau tric siéu xodn (supercoil). Céc t€ bao prokaryote c¢é bd gen
chi nim trén mot phan t DNA va mRNA khong chita nhitng trinh ty khdng mang ma.
Do DNA § prokaryote hién dién tradn va khong c6 ciu triic bao quan nén céc qud trinh
phién mi va dich ma dugc dién ra song hanh trong t&€ bao chat.

DNA & t&€ bao vi khuén c6 thé dugc chuyén d6i trong quan thé t€ bao thdong qua
mot s& qud trinh nhu: (1) giao nap (conjugation), trong d6 DNA dugc chuyén ddi khi hai
t& bao ti€p xiic nhau; (2) tai nap (transduction), trong d6 su chuyén DNA dugc thuc hién
bdi virut; va (3) bi€n nap (transformation) trong dé t&€ bao ti€p nhan DNA trin tif moi
truong.
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2.13. Nhédn va cdc bao quan & t& bao nhan thit

Ba bio quan quan trong nhit & t& bao eukaryote 13 nhan, ti thé (mitochondria),
va diép lap (chloroplast). TAt cid cdc bao quan ndy déu dugc bao boc bdi mang lipid
nhung cdc mang nay cé tinh thAim ddi véi cdc chdt phan cuc cao hon so v6i mang
nguyén sinh chat.

Nhan 12 bao quan chita vat liéu di truyén & t€ bao eukaryote. Bd gen dugc chita
trong mot sd ciu tric DNA dudce goi 1a nhiém sidc thé. RNA dugc tdng hgp bén trong
nhin va cdc phan khong mang thong tin (intron) s& bi loai ra khéi phan tf mRNA khi di
qua mang nhan vao t€ bao chit d€ dugc dich ma thanh protein trén ribosome.

Trong t&€ bio eukaryote, ti thé 13 noi tao ra ning lugng. Cdc chit c6 phan ti
lugng nhé c6 thé qua lai d& dang mang ti thé. Mang trong clia ti thé dudc goi 1a cristae
12 noi hién dién clia cdc protein tham gia vao qud trinh tao ning lugng. Chat nén
(matrix) clia ti th€ chifa cdc enzyme xic tic su bi€n dudng cdc hop chat hitu co.

Mang trong clia lap thé dudc goi la thylakoid chita sic t& va protein cin cho su
thu nhian niang lugng dnh sdng. Ning lugng va luc khit dugc tao ra bdi phan Gng sang sé
dudc dung d€ c6 dinh CO, thanh hgp chit hitu cd trong stroma.

Ti thé va lap thé c6 kich thudc ¢ t&€ bao prokaryote. Ngudn goc ti thé va lap thé
trong t€ bao eukaryote 12 sy xAm chi€m va ndi cong sinh cia cdc t€ bao prokaryote
trong céc t€ bao 16n hon trong qué trinh ti€n héa hinh thanh t€ bao eukaryote.

2.14. So sdnh t& bao prokaryote va eukaryote
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Su khéc biét chung giita t& bao prokaryote va eukaryote 13 t€ bao prokaryote c6
ciu tric don gidn, trong khi d6, t€ bao eukaryote c6 ciu tric khd phitc tap. Tuy nhién,
can nhé ring c3 hai loai t&€ bao déu c6é thanh phin héa hoc giéng nhau, chi c6 sy ldp
ghép cdc thanh phin héa hoc 13 khic nhau.
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