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

PGS.TS. Trén Linh Thuéc

1. CHAN POAN PHAN TU (MOLECULAR DIAGNOSTICS)

+ So sanh cdc phuong phap phat hién, chan dodn VSV giy bénh

Phuong phdp

Uu diém

Nhugc diém

Kinh hién vi

Pon gian
Phét hién truc ti€p
Phan biét cac sinh vat khdc hinh thai

Cham, ton cong sic

Do nhay thap

Khong phan biét hai VSV gidng hinh
thai

Can tay nghé

Nuéi cdy,
nhiém chuot

Chi phét hién ky sinh gy bénh con
song

Po ludng dugc mitc dc tinh va muc
nhiém

Cham, dic tién

Cdc ching cho ddp tng khdac nhau
T4c nhan gdy bénh c6 thé chét
St dung dong vat thi nghiém

Mién dich

Nhanh, don gidn
C6 thé ty dong héa duge
C6 thé san loc s6 lugng miu 16n

C6 trudng hgp tinh chuyén biét thap
Khoéng phan biét dugc dang hoat ddong
va dang tiém ting

DNA (lai, PCR)

Nhanh, nhay va chuyén biét
Phét hién truc ti€p ky sinh gy bénh

Pic tién, nhiéu budc
Khong phin biét dudc dang sdng va

chét
C6 thé cho duong tinh gi4 va Am tinh gia

Phan biét dudgc cac loai khac nhau
Khong phu thudc vio 1An nhiém
trudc

Khong can ky sinh sdng

C6 thé ty dong hoa

1.1. CHAN POAN MIEN DICH (IMMNUNO DIAGNOSTICS)

+K§ thuat ELISA:

- Miu xét nghiém dudc cd dinh trén mot gid thé rin;

- Khing thé chuyén biét ddi v6i khdng nguyén muc tiéu dudc bd sung. Khing
thé nay dugc goi la khdng thé sd cAp (bac mdt, thudng trén thd).

- Khang thé tht cidp (bac 2) & dang phitc hop (ti€p hdp, conjugate) vSi mot
enzyme dugc bd sung vao. Khang thé nay 12 dang khang-khang thé sd cip.

- Mot co chi't khong mau dude bd sung, s& dude chuyén héa thanh sdn phdm cé
mau khi ti€p xic véi enzyme. Sy xudt hién cda mau 12 chi thi vé sy hién dién clia phan
tl protein muc tiéu trong miu xét nghiém.

+ Ung dung: ky thuit ELISA da dugc diang dé€ phét hién nhiéu loai protein, nhan dién
virdt, vi khuén, va x4c dinh sy hién dién clia cic hop chit phan ti lugng nhd trong nhiéu
loai miu sinh hoc khdc nhau.

+ Nhudc diém ciia khang thé da dong:

- Lugng cic loai khang thé khdc nhau dao dong tiy theo mé

- Khang thé da dong khong phan biét dudc cdc chling c6 chung mot yé&u td quyét
dinh khdng nguyén
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A Bind sample to support
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B Add primary antibody; wash
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C Add secondary antibody-enzyme conjugate; wash
Enzyme linked

Secondary ' /to
 anfibody antibody
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< >

[
D Add substrate
Colorless
® /substrate
Colored
product

Figure 9.1 Generalized ELISA protocol for detecting a target antigen. The enz
(E) is conjugated to the secondary antibody.

1.2. KHANG THE PON DONG (MONOCLONAL ANTIBODY)

+ Khang thé don dong: mot loai duy nhit khdng thé cé 4i lvc véi mot khdng nguyén
chuyén biét dugc tao ra bdi mot dong t&€ bao bach huyét B, lam ting tinh chuyén biét
ctia khang thé sd cAp va ddm bio d6 tin cdy clia ch€ pham khang thé.
+ Qui trinh tao khang thé don dong:
- Gay mién dich chuot biing khdng nguyén muc tiéu
- Thu nhén lach, nghién tach va thu nhan t€ bao B
- Dung hgp t€ bao B véi t€ bao ung thu tiy xuong bing polyethylene glycol tao
t& bao lai (hybrid cell). t& bao ung thu tiy xuong cé kiéu hinh HGPRT “(khong
c6 enzyme hypoxanthine-guanine phosphoribosyltransferase). HGPRT cin cho
tdng hgp purine (A, G) tit hypoxanthine.
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i sinh vt he

- Chuyén 1én mdi trudng HAT (hypoxanthine, aminopterin, thyr?idine).
Aminopterin kim ham hoat tinh cta dihydrofolate reductase (xdc tic tong hgp
purine) o

- Chi t&€ bao lai c6 dic tinh phan chia cia t&€ bao ung thu va HGPRT ciia t€ bao
lach c6 thé ting trudng trén mdi trudng HAT. 9

- Téch thu nhan t&€ bao don, nudi cdy, ki€m tra kha ning tao khiang thé

Fusion

Growth on
HAT medium

l Immunoassay

Positive
Separate response Separate

hybridoma hybridoma
clone clones

l Immunoassay l

Positive Negative

Figure 9.2 Screening for the production of a monoclonal antibody. Spleen cells
from a mouse that was immunized with a specific antigen are isolated and fused in
culture with myeloma cells that do not produce antibody chains, Fused cells are se-
lected for the ability to grow on HAT medium, which contains hypoxanthine,
aminopterin, and thymidine, Cells that produce a specific antibody to the immu-
nizing antigen (hybridomas) are identified by an immunocassay and individually
subcultured. A hybridoma, which grows in culture and secretes a single type of an-
tibody molecules, is the source of a monoclonal antibody,

182

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

+ Khing thé don dong (nguyén ven hoic doan Fv) tdi t6 hdp trong E. coli
+ Céc phan t¥ muc tiéu ciia khang thé don dong

- Phat hién, dinh lugng hormone

- Phdt hién t&€ bao ung thu

- Dinh lugng t€ bao t& (cytokine)

- Phét hién thudc

- Phdthién cdc chit phan tif lugng nhd

- Phét hién ky sinh gy bénh

1.3. CHAN POAN BANG DNA (DNA DIAGNOSTICS SYSTEMS)

1.3.1. Lai phén tv (Hybridization)

+ Dua trén sy bit cip bd sung clia hai trinh ty d3i song song
+ Qui trinh:
- Gin sgi DNA kiém chitng mach don 1én mang lai
- B3 sung miu do (probe) dudc ddnh diu & diéu kién thich hop vé nhiét o, luc
ion dé xtc ti€n sy bit cip chuyén biét giita miu do va trinh ty muc tiéu.
- Rira sach cdc miu do khong lai (bit cip)
- Phéat hi€n vach lai trén mang
+ Dénh diu va phét hién miu do bing phéng xa: 32p, phét hién bing phim X quang
+ Pdnh ddu va phat hién miu do bing khdng ding phéng xa: dya vao su tao mau hoic
phat quang
- Pdnh diu gidn ti€p: bing biotin (hoic digoxygenin)
e Miu do dudc didnh diu bing cdch dua modt hoic vai nuleotide chita
biotin
¢ BG sung miu do di danh diu vao dung dich lai chita mang lai
e B6 sung avidin hoic streptavidin
e B3sung phifc hgp biotin-enzyme (peroxidase, alkaline phosphatase)
e B6 sung co chit sinh mau hodc phdt sing clia enzyme
- P4nh dau tryc ti€p: mau do dugc ddnh d&u bing cdch tao phitc hgp cdong hda
tri v6i enzyme (peroxidase)
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Figure 9.4 Chemilun‘:ninescent detection of target DNA. B, biotin; AP, alkaline
Phosphatase. A. A biotin-labeled probe is bound to the target DNA. B. Streptavidin
is bound to the biotin molecules. C. Biotin-labeled alkaline phosphatase binds to

streptavidin. D. Alkaline phosphatase converts the substrate into a light-emitting
product.

1.3.2. PCR (Polymerase chain reaction)

+ Khué&ch dai doan gen muc tiéu phdn tng sao ma dya trén mdt cip mdi cé trinh ty da
dugc bi€t & hai ddu ctia mot doan DNA muc tiéu.
+ Qui trinh: gdm 20 - 30 chu k¥ ba buéc

- Bi€&n tinh DNA khudn d€ tdch mach

- Bit cip giita moi va trinh ty b3 sung trén khuén DNA

- Kéo dai mdi va tdng hop doan DNA bd sung theo chiéu 5'-3'

- Bit dau chu ky ti€p theo bing budc bién tinh
+ Phdt hién vach khuéch dai bing dién di trén gel agarose, nhudém biing chat phat huynh
quang ethydium bromide va kich thuéc
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1.3.3. Ddu vdn tay (DNA finger-printing)

+ Dung trong xét nghi€ém phap y

+ Qui trinh
- C4t DNA ly trich ti miu bing mdt enzyme cit gii han
- Phan doan cdc doan cit bing dién di trén gel agarose
- Chuyén thAm cdc vach DNA sang mang lai

- Lai v61 mot by 4 - 5 cédc trinh ty minisattelite (10 - 30 trinh tu ldp lai, 4 -

10bp/trinh ty 13p lai) dugc danh ddu phéng xa
- Phat hién vach lai bing phim X quang

+ Minisattelite ¢6 tinh da dang ri't cao nén tan suit tring 1ip cdc bd vach lai la 10°- 10°®

nén dic trung & mifc tirng c4 thé.

Victim's Defendant's Defendant's DNA sizing
blood shirt blood standards, kb

11
10

I

= 1

Figure 9.7 Southern blot of a forensic DNA sample. The DNA samples from the
victim, the defendant’s shirt, and the defendant were treated with the same restric-
tion enzyme. Here, the banding pattern of the DNA extracted from the blood on the
defendant’s shirt is identical to the victim’s DNA banding pattern and different
from the defendant’s pattern. The sizes of the DNA molecules in these bands are es-
timated by comparison with the positions of the sizing standards.
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1.3.4. Pa hinh cdc doan DNA khuéch dai ngdu nhién RADP (random amplified DNA
polymorphism)

+ Diing mdt bd cdc cip mdi c6 trinh ty tiy y dé€ khuéch dai ngiu nhién ciac doan DNA
trén DNA bo gen. Mdi mot bd primer nhit dinh s& tao ra mot tdp hdp cdc doan DNA
khué&ch dai riéng, dic trung cho DNA bd gen clia mdi loai hodic noi, ching.
+ Qui trinh

- Tach DNA b0 gen

- Thuc hién PCR biing cdc cip mdi ngiu nhién trong bd mdi

- bién di trén gel agarose, nhudém bing ethidium bromide

- Ghi nhan bd cdc vach khuéch dai, so sinh v6i d6i chitng

- Thuc hién phdn tng PCR vd&i cip mdi ngiu nhién khdc cho d&n khi ¢6 su khic

biét

+ Uu diém:

- Khong phu thudc vao mdi

- Khong can ngin hang gen, khong lai, khdng can dinh ddu dong vi phéng xa

- D& dang ty dong héa

- Phin biét & midc dudi loai

Primer A Primer B Primer C
Cultivar 1 Cultivar 2 Cultivar 1 Cultivar 2 Cultivar 1 Cultivar 2

=
I
E== EEeT
E==3
==
- -
==
==
(e
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1.3.6. Cdc dang phédn tich doan DNA khdc (DNA fragment analysis)

- Phan tich doan DNA: tim d4u hiéu phan t& (ki€u gen) thay cho ddu hiéu hinh
thai (ki€u hinh) dva trén bo dic trung cdc doan DNA

- Dau hiéu da dang cao, dic trung, dung d€ nhin dién c4 thé, quan thé, dé
nghién cttu di truyén

- SSCP: single strand conformation polymorphism

- RFLP: restricted fragment length polymorphism

- AFLP: amplified fragment length polymorphism

- STR: simple tandem repeat, microsattelite

- SNP: single nucleotide polymorphism

1.4. CHAN POAN PHAN TU CAC BENH DI TRUYEN (MOLECULAR
DIAGNOSIS OF GENETIC DISEASE)

+ Xét nghiém DNA nhiim tim cdc dot bi€n lién quan d&€n bénh di truyén. Con goi 1a xdc
dinh ki€u gen (genotyping).

1.4.1. Hong cdu hinh ligi liém

+ Do dot bi€n thay ddi mot base kéo theo su thay ddi cia amino acid thi 6 (Val thanh
Glu) trén sdi B. C4 thé ddng hop ti dot bi€n (S/S) bi bénh, cdc trudng hgp khdc A/A, A/S
khong bénh.
+ DNA cla dang binh thudng cé chtta trinh ty nhan biét cia Cvnl (CCTNAGG) la
CCTGAGG. Trong khi dé dang dot bién CCTGTGG.
+ Qui trinh phét hién:
- Tao mdt cip mdi tuong Gng vdi trinh ty 14n cin & hai diu cda vi tri Cval trén
DNA.
- Cét san phdm khué&ch dai bing Cvnl
- Pién di trén gel agarose dé phat hién ciac vach DNA
- Dang binh thudng c6 trinh ty nhan biét cia Cval s& cho bo cdc vach khic véi
dang dot bi€n
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A
Primer Normal sequence Primer Sickle-cell anemia
/ sequence
- _— /
-——a | ~—
/ /
Primer Primer
B Amplified normal sequence Amplified sickle-cell
anemia sequence
Cvol  Cwal  Cynl Cymk Cnl
.
256 bp | 201 bp (181 bp | 88 bp 256 bp 382 bp 88 bp
==
C
Size Genotype
(bp) AA AS ss
382 == ===
256 === = ==
201 == ==
181 = =
88 f o | =rn =

Figure 9.9 Detection of the sickle-cell anemia gene at the DNA level. A. PCR am-
plification of the portion of the B-globin gene containing the Conl recognition site
that is altered in the mutant gene. B. Conl digestion of the PCR products generated
as sh(mf'n in panel A. The normal (wild-type) gene has three Conl sites between the
PCR primers, and the mutant gene has two. C. Size distribution of fragments fol-
lowing gel electrophoresis of Conl-digested PCR-amplified B-globin DNA. AA, ho-
mozygous condition for the normal B-globin gene; AS, heterozygous condition; S
homozygous condition for the sickle-cell anemia B-globin gene. ’

1.4.2. Phdt hién dot bién diém bidng PCR/OLA (oligonucleotide ligation assay)

+ K&t hgp gitta khuéch dai bdn sao DNA biang PCR vdi lai bing hai miu do 1a doan
nucleotide ngdn (20 nucleotide & hai phia cia base dot bi€n). Dot bién dugc phdt hién
do khong c6 su bit cip tuong ing tai base dot bi€n va khdng thuc hién dudc phin tng
ndi hai mau do

+ Qui trinh:

- Khué&ch dai doan DNA chita base dot bién bing PCR
- B6 sung hai miu do:
e X dudc ddnh dau bing biotin § diu 5' c6 dau 3' bit cip v6i base binh
thudng
e Y bit dau bing base ti€p theo va c6 dau 3' danh diu bing digoxigenin
- Thuc hién phan ¢ng lai va phan Gng ligase
- Cho hdn hgp phan ng vao dia c6 ddy c6 dinh streptovidin, thyc hién phan tng
mau dya trén digoxigenin:
e C6 mau: DNA binh thudng
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nghiém 1.200 mau/ngay.

A Synthesize a pair of oligonucleotide probes
Probe X

B Hybridize probes to PCR-amplified DNA

e Khong mau: DNA bi dot bi€n
+ Qui trinh PCR/OLA nhanh, nhay, chuyén biét cao, c6 thé tu dong héa d€ thuc hién xét

®

Probe Y

_—Mismatch

PGS.TS. Trén Linh Thudc

Figure 910 PCR/OLA procedure. B,
biotin; D, digoxigenin; AP, alkaline
phosphatase; SA, streptavidin; A, ade-
nine; C, cytosine; G, guanine; T,

thymine.

Lgﬂﬂ‘m@ U_gl'lTﬂTf@

Normal DNA

C Add ligase to hybridized DNA

Ligation

T4 — S T

Mutant DNA

No ligation

*ETI'HTH’@

Normal DNA

D Bind probes to streptavidin; wash

Results with normal DNA

7 G

Mutant DNA

Results with mutant DNA

E Add antidigoxigenin antibody-alkaline
phosphatase conjugate; wash; add substrate

I

Results with normal DNA

Colorless
substrate
S
Insoluble /
colored
- product
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1.4.3. PCR vdi cdc moi ddnh ddu huynh quang

+ Phén tng PCR dugc thyc hién v6i ba mdi khuéch dai viing gen c6 base dot bién:

- Mé6i 1 tuong Gng v6i dadu doan DNA binh thudng dudc dianh diu bing

rhodamine phat huynh quang dé ) ) ‘
- Mbi 2 1a mdi ngudc tuong tng dau kia clia doan DNA can khuéch dai

- Mbi 3 tuong duong v6i modi 1 nhung c6 base bd sung v6i base dot bién, dugc

ddnh dau bing fluorescein phat huynh quang luc

A
. P] 3!
0 z Wild-type DNA (+)
A
A
-
PCR P2
o—
TY
e & G Mutant DNA (-)
6
-
PCR P2
No product
B
® P3 3!
((;: Mutant DNA (=)
C
-
PCR Pe
O—
c¥
Pl
A Wild-type DNA (+)
T
-
PCR P2
No product

Figure 9.11 Detection of a single-base mutation with flucrescence-labeled PCR
primers. A. Primers P’1 and P2 amplify DNA from the wild-type sequence. The same
primers cannot amplify DNA from the mutant sequence because primer P1 mis-
matches with this DNA. Primer P1 is labeled at its 5’ end with rhodamine. Primer
P2 is unlabeled. B. Primers P3 and F2 amplify DNA from the mutant but not the
wild-type sequence. Primer P3 is labeled at its’ 5’ end with fluorescein. Primer P2 is
unlabeled. The plus and minus signs denote wild-type and mutant sites, respec-
tively. The genotypes +/+, +/—, and —/— produce PCR products that contain
rhodamine only, rhodamine and fluorescein, and fluorescein only and that fluoresce
red, yellow, and green, respectively.
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+ Tuy khuon 12 DNA c¢6 dot bién hay khong ma phdn trng PCR sé& dugc ti€n hanh cho
sdn phdm khué&ch dai tif cip mdi 1 - 3 hay 2- 3 hay 1+2 -3 va cho mau khdc nhau nhu
sau:
- C4 thé binh thudng ddng hdp ti: vach khuéch dai phat huynh quang dé
- C4 thé€ binh thudng di hgp ti: vach khuéch dai phit huynh quang vang (mau
phoi hgp cia db va luc)
- C4 thé bénh ddng hgp ti: vach khuéch dai phat huynh quang luc

1.4.4. Phdt hién dot bién tai nhiéu vi tri bén trong mot gen

+ Nhiéu bénh di truyén do mat chiic ning clia protein giy ra bdi dot bién tai cdc vi tri
khdc nhau trén gen. Vi du B-thalassemia: B-globulin mat hoat tinh do dong hop ti¥ dot
bi€n tai mot trong tdm vi tri bén trong gen.

+ Nguyén tic: k&t hop PCR véi lai dong thdi tai tim vi tri ¢6 thé dot bién:

- Téng hdp tim miu do (20 nucleotide/mAu do) chita base c6 thé x4y ra dot bién.
Pau 3' cia mdi miu do c6 gin dudi polyT (400 nucleotide) d€ cb dinh cdc miu
do 1én mang lai.

- Dung PCR khuéch dai dong thdi tim doan DNA chia base cé thé x3y ra dot
bi€n, mdi doan dugc khuéch dai bing mot cip mdi trong d6 mdi tuong ng véi
dau 5' dugc ddnh ddu bing biotin.

- Lai cdc doan khuéch dai v6i miu do trén mang & dicu kién chi cho phép bit
cip bd sung hoan toan. B3 sung phitc hop streptavidin-alkaline phosphatase

- Rfa mang va bo sung co chit tao mau

- Tim vi tri khong c6 mau: doan khué€ch dai 12 dang dot bi€n nén khong c6 su bit
cip bd sung hdoan toan véi mau do

+ Nguyén tic nay cho phép phdt hién ddéng thdi nhiéu dot bi€n (nguyén tic cia
macroarray).
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A Bind sequence-specific probes to a membrane
Probe 1 >/_/ Probe 2>/_/_/ Probe 3>/_/_/
TTTTT TTTTT TTTTT

Membrane

B Hybridize with PCR-amplified biotinylated
segments of target gene

Target DNA—___ (B)—Biotin

L TTTTT TTTTT TTTTT |

C Add streptavidin-alkaline phosphatase conjugate

Streptavidin—alkaline
phosphatase conjugate

D Add substrate

Colorless
substrate
Insoluble O/
colored AP,
product R .} :

TTTTT/f/J TFEET

Figure 9.12 Procedure for the detection of mutations at different sites within one
gene. B, biotin; TTTTT, poly(dT) tail; SA, streptavidin; AP, alkaline phosphatase.
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2.SAN XUAT THUOC PROTEIN TAI TO HQP

+ Tan s6 xuAt hién clia mot s& bénh di truyén pho bién
- Ti€u dudng mellitus kiu A (1/130)
- Thi€u m4u B-thalassemia (1/400)
- Ti€u dudng mellitus ki€u I (1/500)
- Thi€u m4u hdng cau hinh liém (1/625)
- H6a xo tii mat (1/2000)
- Bé€nh Gaucher’s (1/2.500)
- Bé&nh Tay-Sachs (1/3.000)
- B€nh niéu phenyketon (1/5.000)
- Ho1 chitng Lesch-Nyan (1/10.000)
+ Céc protein tdi t6 hdp dudc diing 1am thudc cho ngudi
- Insulin (tiéu dudng)
- Erythropoietin (thi€u mdu)
- Interferon-a.: ung thu, AIDS
- Interferon-P: ung thu, viém khép thap
- TNF: ung thu
- Interleukin: ung thu, rdi loan mién dich
- Somatotropin: rdi loan ting trudng - Somatostatin: rdi loan ting trudng
- Factor VIII: chiing wa chdy mau A
- Factor IX: chiing va chdy mdu B
- SOD: t8n thuong 6xi héa khi ciy ghép thin

2.1. PROTEIN TAI TO HOP CO NGUON GOC TE BAO EUKARYOTE DUNG
LAM THUOC

2.1.1. Qui trinh tao dong tao dong sdn xudt protein cé nguon goc tir t& bao eukaryote
dung lam thudc

- Ly trich mRNA

- Tao cDNA tir mRNA

- Thanh 1ap ngdn hang cDNA trong phage

- Chon dong cDNA muc tiéu

- Dong héa vao mot vector bi€u hién thich hgp (plasmid)

2.1.2. Cdi bién protein bang ky thudt di truyén

+ Dung ky thuit di truyén d€ cdi ti€n dugc tinh clia protein ding lam thudc: vi du
hormone ting trudng & ngudi (hGH, human growth hormone)
- hGH gin ddng thdi receptor cia hGH va cia prolactin, gdy tdc dung phu
- Dung d6t bi€n di€m d€ thay mot s& amino acid c6 vai trd trong su gin cia hGH
1€n prolactin receptor
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Native growth hormone Modified growth hormone

P_rola_ctinrreceptor Growth hormone Altered prolactin -~ Growth hormone
binding site receptor binding receptor binding  receptor binding
site site site

Figure 10.2 Schematic representation of native and modified hGH. Oligonu-
cleotide-directed mutagenesis was used to alter hGH so that it no longer bound to
the prolactin receptor but retained its specificity for the growth hormone receptor.

2.1.3. Tao protein lai protein va doc té

+ Ting cudng tinh chuyén biét dich tdc dung (t&€ bao, md) clia thudc

+ Thanh phan protein 12 mdt protein nhin dién va gidn chuyén biét I&én receptor clia t&

bao quan tim

+ Vi du thudc diét t€ bao nhiém HIV

- HIV xAm nhiém t& bao Ty, (t€ bao CD4) thdng qua su lién két clia protein gp120
& vo virtt véi receptor CD4 trén t€ bao CD4

- Thudc: protein 12 receptor clia t&€ bao CD4 cé thé nhan dién va gin protein
gp120 trén bé mit t€ bao nhiém HIV. Thanh phan con lai 13 doc t& exotoxin A
clia Pseudomonas hoic Fc ctia khdng thé ngudi

- Exotoxin A tiéu diét t& bao nhiém HIV

- Fc chi di€m cho ddp ttng ADCC (antibody-mediated cell cytotoxicity)

B

CD4-toxin

fusion
protein

Figure 10.16 HIV infection and treat-
ment. A. Initial binding of HIV to the
Ty cell is the result of contact between
the viral protein gp120 and the CD4
surface protein of the Ty cell. B. The
HIV-infected cell has gp120 on its sur-
face. Free CD4-toxin fusion protein can
bind to the gp120 on the surface of in-
fected cells. Once inside an HIV-infected
cell, the toxin portion of the CD4toxin
molecule can kill it.
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2.2. KHANG THE DUNG LAM THUOC

2.2.1. Thanh phédn cdu triic va chiic ndng ciia khdng thé

+ CA4u tric khang thé: 2 soi ning, hai sdi nhe; x{ Iy bing papain thu dugc mot Fe, hai
Fab
+ Fc ¢6 vai tro:

- Gén trén cdc receptor cia ADCC hoic thyc bao dé€ chi di€m viéc thiy phan
khang nguyén hoic diét t& bao mang khiang nguyén

- Fc ¢6 mang y€u t6 quyét dinh khdng nguyén
+ Fab c6 vai tro:

- Nhan dién va gdn khdng nguyén

- Vung nhin dién va gin khiang guyén l1a Fv

- Fv 12 viing thay ddi chita ba viing nhd c6 @6 bi€n dong 16n 1a CDR1, CDR2 va
CDR3

- C4c CDR quyé€t dinh tinh chuyén biét nhian dién va gin khdng nguyén

- Fab khong mang yéu t6 quyét dinh khdng nguyén
+ Khang thé bd sung tif bén ngoai vio ngudi bénh c6 thé tao ddp tng mién dich thu
dong
+ Khdng thé tir chuot khi diing cho ngudi c¢é thé giy tinh qud min cdm do tinh khing
nguyén ciia Fc clia khang thé chuot 1én hé mién dich clia ngudi

COOH

COOH

Figure 10.5 Structure of an antibody molecule. The H and L chains contain variable
(VL and Vy) and constant (Cy, Cyy1, Cz, and Cpy3) domains with their CDRs (CDR1,
CDR2, and CDR3). The Fv, Fab, and Fc portions of an antibody molecule are delin-
eated. The N-terminal (NH;) and C-terminal (COOH) ends of each polypeptide
chain are indicated.
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2.2.2. Khdng thé don dong lai dung lam thudc

+ Khéng thé don dong lai (hybrid monoclonal antibody): chita thanh phan tir khdang thé
clia ngudi va khang thé clia chuot

+ Thanh phin khang thé clia chuot: quyét dinh tinh chuyén biét khang nguyén

+ Thanh phin khang th€ clia ngudi: loai trif tinh qua mAn cdm trong ngudi

+ Khang thé don dong lai c6 thé khic phuc nhudce di€m giy qud min cdm va dugc dung
lam thudc

+ Dang khdng thé don dong lai (1): thay Fv clia chudt vao viing tuong tng trén khing
thé clia ngudi

+ Dang khdng thé don dong lai (2): thay cdc viing CDR ciia chudt vao cdc viing tuong
ting trén khdng thé cla ngudi

Fv {mouse)
/

N\

Fc (human)

- Mouse
:l Human

Figure 10.9 Genetically engineered humanized antibody. The V. and Vi; DNA re-
gions from the immunoglobulin L and H genes that encode part of a mouse mono-
zlonal antibody were substituted for the Vi and Vy DNA regions of a human im-
munoglobulin molecule. The product of the constructed gene is a humanized
(chimeric) immunoglobulin with the antigen binding specificity of the mouse mono-
zlonal antibody and both lowered immunogenicity in humans and human Fc effec-
tor capabilities.

+ Phuong phdp tao khdng thé don dong lai
- Ly trich cDNA sdi niing, cDNA soi nhe tir dong t&€ bao hybridoma don dong ctlia
chuot
- Thi€t k&€ 6 cip mdi tuong ng hai diu cia mdi CDR trong viing bi€n ddi (3 cip
clia s¢ ning va 3 cidp cla sdi nhe) clia khang thé chudt; mdi mdi chira 12
nucleotide & diu 5' tuong ng v6i viing hai bén cia mdi CDR & ngudi.
- Khuéch dai bing PCR d€ thu nhin cdc ving CDR ctia chudt
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- Dung cdc doan khuéch dai nay dé thay vio ving tuong @ng trén khang thé
ngudi bing phuong phdp dot bi€n dya vao doan oligonuleotide
(oligonucleotide-directed mutagenesis).

- 50 khang thé don dong lai khdc nhau da dudc tao ra bing phuong phdp nay.

Figure 10.10 Genetically engineered humanized antibody. The CDRs (CDR1,
CDR2, and CDR3) from the genes for H and L immunoglobulin chains of a mouse
monoclonal antibody replace the CDRs of the genes for a human antibody. The
product of this constructed gene is an immunoglobulin with the antigen binding
specificity of the mouse monoclonal antibody (pink) and all the other properties of
a human antibody molecule (light blue).

CDRI1

CDR1
CDR2
CDR3

- Mouse
E Human

Figure 10.11 PCR amplification of CDR1 from a rodent monoclonal antibody L
chain cDNA. The PCR primers P1 and P2 contain oligonucleotides complementary
to the rodent CDR1 DNA. In addition, P1 and P2 each contain 12 nucleotides at their
5"end that is complementary to the framework regions of human monoclonal L
chain cDNAs. Using six separate pairs of oligonucleotide primers—three for the V.
region and three for the Vi region—each of the rodent CDRs is separately amplified
by PCR. Then, by oligonucleotide-directed mutagenesis, the amplified rodent CDRs
are spliced into human antibody genes in place of the resident CDRs. This grafting
is made possible by the presence of DNA complementary to the human framework
regions on the amplified rodent CDR DNAs.

Signal
peptidle  FR1 CDR1 FR2 CDR2 FR3 CDR3 FR4

/ P1 CDRI1 ~
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2.2.3. Fv khdng thé nguvi tdi té hop

+ Ngin hang t6 hdp (combinatorial library): tip hop cic dong tdi t6 hdp trong phage A
mang cDNA t8 hdp ciia hai trinh ty viing bi€n ddi clia sgi ning va sdi nhe.
Ngan hang nay chita cic Fv clia tit cd khang thé c6 thé dugc tao ra tir t€ bao B.
+ Qui trinh tao ngin hang t6 hodp (combinatorial library):
- T6éng hop cDNA trén mRNA tir t& bao B clia ngudi
- Khuéch dai bing PCR dé thu viing thay d6i tuong ng vSi Fv clia sdi ning va
clia sgi nhe
- Cit cdc cDNA t8 hop nhat dinh cdc enzyme cit gidi han
- Dong héa riéng bi€t cdc gen tuong ttng v4i sgi nhe va cdc gen tudng ng v4i
sgi ning vao phage A d€ c6 ngan hang sdi nhe va ngin hang sgi ning riéng.
- Dong héa tirng cip sdi nhe-sdi ning vao phage A dé tao ngan hang t8 hdp: mdi
dong phage c6 thé bi€u hién phan tif chita cd sgi ning va sgi nhe ciia viing Fv
+ Tao dong sin xuit Fv chuyén biét khing nguyén trong E. coli
- Tuyén chon dong phage cho phan tng lai mi&n dich v6i khang nguyén muc tiéu
- Thu nhdn dong nay va tdch doan Fv
- Dong héa doan gen Fv t6 hdp vao vector plasmid bi€u hién trong E. coli
- Bi&nnap vao E. coli d€ sin xuit Fv tdi td hop

EcoRI Notl

Leader
RBS peptide L chain fragment |

Notl Leader EcoRI
plac | RBS peptide H chain fragment
Not1 EcoR1 Notl
Leader Leader
plac | RBS peptide H chain fragment RBS peptide L chain fragment

Figure 10.13 DNA constructs of an Fv combinatorial gene library cloned into bac-
teriophage A DNA. A and B. Portions of the cDNAs of the L (A) and H (B) chains are
separately cloned into bacteriophage A vectors. C. Each of these libraries is digested
with EcoRI, and then the fragments from the H chain library are ligated to the frag-
ments from the L chain library, thereby creating a combinatorial library that con-
tains all possible combinations of L and H chain fragments expressed on the same
vector. Abbreviations: pLac, the E. coli lac promoter; RBS, ribosome binding site.
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Figure 10.12 Procedure to create in E. coli a combinatorial library of the Vi and Vy
regions of antibody chains.

Extract mRNA from
isolated lymphocytes

:

Convert mRNA to cDNA

¢

Amplify H and
L chains by PCR

,

Cut with specific set of
restriction endonucleases

s N

Clone H chain sequences Clone L chain sequences
into "H chain" into "L chain®
bacteriophage vector bacteriophage vector

Combine H and

L chains into one
bacteriophage vector

.

Screen plaques
for antigen binding

¢

Excise H and
L chains as
part of a plasmid

Transform E. coli with
plasmid-H-L
chain DNA construct

:

Harvest antigen bindin
Fv fragment from E. coli

2.3.4. Mot s6 cdch iing dung khdng thé don dong lam thuéc

- Dung lam phuong tién vin chuyén thudc dén t&€ bao muc tiéu: receptor trén bé mit
t€ bao 1a khdng nguyén muc tiéu

- Dung lam phuong tién van chuyén mot enzyme dic biét d€n t€ bio muc tiéu.
Enzyme xic tdc bi€n tién chat clia thudc thanh thudc tai t€ bao muc tiéu
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Figure 10.6 Schematic representation
of monclenal antibody-based drug de-
livery system. A. The drug is coupled to
a monoclonal antibody. B. An enzyme
that converts an inactive predrug to an
active drug is attached to a monoclonal
antibody. The active drug is formed
only in the immediate vicinity of the
target cells. In both cases, the mono-
clonal antibody binds to one specific
protein on the surface of the target cell.

A

— Drug

Monoclonal antibody

—— Cell surface protein

—— Target cell
B
Prodrug
/
i =
N

—— Cell surface protein

Target cell
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3.SAN XUAT VA C XIN
3.1. NHUGC PIEEM CUA VAC XIN TRUYEN THONG

+ Vic xin truyén thong thudng 1a dang bat hoic hoic nhudc doc clia tic nhan giy bénh
dudc tiém d€ giy phan tng mién dich.
+ Téc nhian giy bénh dudc nudi cdy qui mo 16n, thu nhan, bat hoat (inactivated) hoic
gay nhudc ddc (attenuated).
+ Nhugc diém:

- Chi mot s6 it vic xin dugc sdn xuit do khdong phdi moi tdc nhan gay bénh déu
c6 thé dugc nhan thanh s& lugng 16n dd d€ san xudt vic xin.

- Cin phdi nuoi t€ bao ngudi hoic ddong vat rdt tdn kém dé sin xu't vic xin tir
virit § ngudi va dong vat.

- Can c6 bién phép an toan khi thao tdc vdi s6 lugng 16n tdc nhan giy bénh.

- Céc chiing nhudc doc c6 thé trd lai trang thai cudng doc.

- Viéc bat hoat c6 thé khong hitu hiéu gay lan truyén bénh bdi vic xin.

- Thoi han st dung ngdn va cian diéu kién bdo quin lanh.

3.2. VAC XIN TAI TO HOP

+La cdc dang vic xin dudc tao ra biing k¥ thudt tai t6 hop gen.
+ C6 hai dang vic xin tdi t6 hop: vic xin tiéu phan va vic xin nhugc doc

3.2.1. Vidc xin tiéu phdn (subunit vaccine)

+ La vic xin tif mot bo phan chit khong tir toan bo t€ bao hay phan tif clia tic nhin gy
bénh.

+ K§ thuit tai t8 hgp DNA gitip tao dudc cdc vic xin loai nay: gen hoic cdc gen ma héa
cho viing quyét dinh khdng nguyén chinh cé thé dugc dong héa va bi€u hién vugt mic
trong t&€ bao vi sinh vat, tinh ch& dé sit dung lam vic xin.

+ Uu di€ém: khang nguyén 13 protein tinh ch€ nén ch& pham vic xin bén va an toan; ¢
thanh phan héa hoc xdc dinh, khong chita cic protein tap, cic nucleic acid c6 thé giy
tdc dung phu.

+ Nhudc diém: dic tién, doi khi khong thu dugc dang c6 hoat tinh.

3.2.2. Vdc xin HSV (Herpes Simplex Virus)

+ Gay ung thu, bénh Herpes, nhiém tring mit cAp tinh, encephalitis.

+ Tao vic xin ti€u phdn khong chita thanh phan giy ung thu (bd gen).

+ Glycoprotein vé virtit gD c6 thé giy ddp tng & chudt tao khang thé trung hoa virit
HSV.

+ Gen mi héa cho gD dudc dong héa vao vector bi€u hién trong t&€ bao huii nhii CHO
(Chinese Hamster ovary).
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+ Pé€ dé tinh ché&, gD téi t6 hop tan (khong gin vao mang t&€ bao) dudc tao ra bing cich
loai bé viung trinh tv ma héa cho dau C ctia gD (ving trinh ty ma héa cho viing gin 1én
mang cla protein).

+ gD t4i t6 hop c6 kha ning trung hoa cd HSV-1 va HSV-2.

Figure 11.2  A. Location in the cytoplasmic membrane of HSV-1 gD with the trans-
membrane domain. B. Extracellular location of a soluble gD without the transmem-
brane domain.

A
NH,
HSV glycoprotein D
Exterior
Membrane
Interior
COOH
Transmembrane
domain
B
Modified HSV
glycoprotein D
H,N COOH

Exterior

Membrane

Interior

3.2.3. Vidc xin peptide (peptide vaccine)

+ Trén phan t& protein khang nguyén gin & bé mit t&€ bao, cdc y&u td quyét dinh khdng
nguyén c6 thé chi hién dién & viing protein phdi ra bén ngoai.
+ C6 thé tao khdng nguyén dua trén cdc doan peptide ngin tif viing nay: peptide
vaccine.
+ Vi du: trudng hdp peptide vaccine tir khang nguyén VP1 (virion protein 1) trén bé mit
virtt gdy bénh 16 mdm long méng (foot-and-mouth disease virus, FMDV).

- Thyc hién téng hop héa hoc cic doan peptide khodng 10 - 20 amino acid ddu C
hoic dau N.

- Gin 1én bé mit mot protein tro (d€ ting tinh bén ddi v6i protease).
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- Poan peptide tuong ng v4i amino acid tir 141 - 160 (dau C) cho hiéu lyc khdng
nguyén cao.
- Peptide dung hgp gitta hai doan 141 - 160 va 200 - 213 cho hiéu luc khing

nguyén cao hon.
3
2. 4
1 5
Exterior

Interior

Membrane

Figure 11.3 Generalized envelope-
bound protein with external epitopes (1
to 5) that might elicit an immune re-
sponse.

Figure 11.4 Structure of a pep-
tide vaccine composed of identi-
cal short peptides bound to a car-
rier protein.

Short peptides

3.3. Vidc xin nhuoc déc

+ K§ thuat tdi t8 hgp gen dugc ding d€ tao ra vi khudn hoic virtit bi bi€n ddi dudc diing
lam vic xin song:

- Vi khuédn hay virit lanh dudc bi€n d6i di truyén dé€ biéu hién yé&u t& quyét dinh
khdng nguyén cta vi sinh gy bénh;

- Vi sinh gdy bénh bi bi€n d6i di truyén biing cich giy dot bién hoic loai bd gen
ac tinh.
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3.3.1. Vdc xin dich ta nhuoc doc tdi té hop

+ Vibrio cholerae gy dich ta cAp tinh.

+ Vi khudn gin, ting trudng trén mang niém mac rudt non, ti€t ndi ddc td enterotoxin
gy triéu ching ta.

+ Enterotoxin t3 13 mdt protein luc phan: mot ti€u phan A va 5 ti€u phan B: ti€u phan A
gdm hai ti€u phan: peptide A1 mang ddc tinh (c6 hoat tinh ribosyl héa ADP va hoat héa
adenyl cyclase) va peptide A 2 ndi ti€u phan A vio céc tiéu phan B.

+ Vic xin ti€u phan dang enterotoxin bat hoat khong c6 tinh khdng nguyén cao. do vy
cn thi€t tao vic xin tdi t& hgp nhugc ddc.

+ Dang 1: chén gen khdng tetracycline vao viing Al trén bd gen clia vi khudn. Nhugc
di€m: gen khdng tetracycline c¢6 thé bi taich ngiu nhién khéi ving Al 1am vi khuén trd
lai c6 d@dc tinh.

+ Dang 2: thay gen khdng tetracycline ctia Dang 1 bing doan Al dot bi€n (mit doan)
bing tdi t& hgp cdc doan tuong ddng. Dang 2 6n dinh khong kha ning trd lai dang doc
tinh.

+ Qui trinh tao Dang 2:

- Cdt ving DNA clia A1 mang trén mot plasmid biing enzyme Clal, Xbal (chi c6
trinh tu cit duy nhat trén doan gen A 1).

- Gin doan ndi Xbal linker vao dau Clal d€ tao ra t3 hdp ndi Xbal-Xbal (ngin
can td hgp ndi Clal-Xbal tao ra plasmid chita A1 nguyén ven nhu ban du).

- N&i biing T4 DNA ligase. Plasmid tdi t6 hop chita Al bi mat mdt doan 550bp.

- Chuyén plasmid vao V. cholerae @6t bi€n chita gen Al bi gidn doan bdi gen
khang tetracycline.

- Chon chiing V. cholerae min cdm vdi tetracycline. Chling nay c6 thé x4y ra su
trao d6i doan tuong déng thay doan chita gen khdng tetracycline bing dOoan gen Al mat
550bp.

- Chiing thu dudc ding 1am vic xin khong c¢6 kha niing tao doc & Al.

3.4.2. Vac xin dua trén virut bénh ddu mua (vaccinia virus)

+ Thudc nhém cic vector vaccine 13 dang vic xin sdng dugc phat trién bing cdch tao ra
mot viridt tdi td hgp mang va biu hién mdt hoic vai khdng nguyén muc tiéu clia mot
hodc vai tdc nhan giy bénh truyén nhiém.

+ Mot s§ vic xin da dugce phat trién: vic xin viém gan siéu vi B (HBsAg), vic xin ngira
influenza virus (haemagglutinin).

+ Do bd gen vaccinia virit 16n va khdng c6 trinh ty nhan dién duy nhit clia enzyme cit
gidi han nén khé thuc hién thao tic cit ndi gen. Tuy nhién, dua vao tdi t6 hop cdc doan
tuong déng c6 thé tao ra vic xin ddu mua chita mot khang nguyén muc tiéu ddi vdi mot
tdc nhan gdy bénh khéc.
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Figure 11.6 Strategy for deleting part of the cholera toxin A, peptide DNA s¢
quence from a strain of V. cholerae.

Plasmid
A; peptide
——"DNA sequence
Clal  Xbal
Clal
Xbal

3

. Chromosomal DNA V. cholerae
Xbal I1nke; of V. cholerae
T4 DNA ligase \ /

Conjugation
—_—

1)

e

Deleted A, peptide

DNA sequence Tetracycline resistance

gene insert
Recombination

Chromosomal
DNA

Plasmid

Chromosomal

Deleted A, peptide
DNA sequence

- boan gen ma héa khiang nguyén dugc dong héa vao mot plasmid dat dudi su
ki€m sodt clia mot promoter clia virtt nim chén giita gen mi héa thymidine kinase (TK)
ctia virut trong mot plasmid. Cac doan gen ctia thymidine kinase c¢6 vai tro 1a doan tuong
ddng dung trong tdi t6 hdp in vivo.
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" Bién nap plasmid ndy vao t&€ bao dong vat (CEF: chicken embryo fibroblast) c6
ki€u hinh TK™ di dugc nhiém biing vaccinia virus hoang dai (TK™).

" Chon loc dong t&€ bao TK bing mdi trudng chita chdt ddng dang clia thymidine
la BUdR (BrdU, 5-bromo-deoxy-uridine): thymidine kinase xtc tdc viéc tao thanh DNA
dot bién tir BrdU 1am t€ bao chét.

- Khing dinh dong mang gen ma héa khdng nguyén muc tiéu biing lai phan ti.
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Cloned antigen gene

11T
/N N

Vaccinia virus Vaccinia Vaccinia virus
thymidine kinase  virus thymidine kinase
DNA premaoter DNA

I mnmm
/ l
Vaccinia
virus DINA Cloned

/ antigen gene

Vaccinia virus Vaccinia virus
promoter DNA

Figure 11.9 Method for the integration into vaccinia virus of a gene whose protein
product, generally a viral antigen, elicits an immunological response. A. Structure
of a plasmid carrying a cloned expressible antigen gene. B. A double-crossover
event results in the integration of the antigen gene into vaccinia virus DNA,
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4. XU LY MOI TRUONG, CHUYEN HOA VA
SAN XUAT SINH KHOI

4.1. THUY PHAN CAC CHAT DI SINH BGI VI KHUAN

+ Xt 1y sinh hoc mdi trudng (bioremediation) 13 viéc ng dung vi sinh vat d€ lam sach
mdi trudng chita cdc chi't gdy 6 nhiém.

+ Nhiéu loai thudc gidng Pseudomonas c6 mang cic plasmid (50 - 200kb) md héa
enzyme thiy phan hon 100 hgp chat hitu cd chita nhan thom hodc nhém Cl.

+ Céc chat huii cd chita nhan thom khong bi halogen héa thudng bi vi khudn bién d6i
thanh catechol hodc protocatechuate sau d6 bi 6xi héa thanh acetyl-CoA va succinate
hodc pyruvate va acetaldehyde.

+ Céc chat hitu cd chita nhin thom bi halogen héa 13 thanh phan chinh clia cdc loai
thudc trir siu, diét cd dugc bi€n ddi thanh catechol, protocatechuate hydroxyquinone
hoic cdc din xuit halogen tuong ng bing nhitng enzyme tham gia chuyén héa cic chat
hitu co nhan thdm binh thudng.

+ Budc loai nhém halogen (dehalogenation) thudng dudc thuc hién bdi phdn ng xic tac
bdi dioxygenase thay nhém halogen biing nhém hydroxyl.

4.2. BIEN POI DI TRUYEN CAC CON PUONG PHAN HUY SINH HQC
+ Nhugc di€m clia cdc chiing phan hity chit di sinh ty nhién:

- Mot chiing chi phan hily mdt hodic mdt vai chat.

- Nong dd chat di sinh cao thudng tc ché sy ting trudng cla vi khudn phin hdy
chat di sinh.

- Thudng c6 sy 6 nhi€m cling lic nhiéu chat di sinh khdc nhau trong dé cé thanh
phan tc ché sy ting trudng cla chiing.

- Nhiéu chat di sinh khong phan cuc bi hdp phu 1én cdc chdt mang riéng trong
dat hodc bun han ch€ sy ti€p xtc va tdn cong clia vi sinh vat phan hiy.

- Toc do phan hdy sinh hoc thudng cham.
+ K§ thuat tdi td hgp gen cho phép khic phuc mdt s6 nhugc di€m néu trén. Trong hau
hét cdc trudng hop, mot plasmid c6 thé mang nhiéu gen ma héa cho cdc enzyme can cho
céc budc trong con dudng phin hiy co chit. Bing cdch dwa plasmid tir nhiéu chiing
Pseudomonas khic nhau vao chung trong mot t€ bao chii ngudi ta ¢é thé tao ra mot
chiing ¢6 kh4 ning phan hdy nhiéu cd chit khic nhau. Ngoai ra, bing k§ thuat di truyén
c6 thé 1am ndi rong dii co chi't c6 thé bi phan hliy bdi mot con dudng sinh héa.

4.2.1. Bién doi di truyén bdng giao nap

- Dung giao nap dé chuyén vao ciing mdt ching nhin nhiéu plasmid khdc nhau
mang cdc gen cua cac con dudng phian hiy khac nhau.

- Sy t4i t6 hgp gilta cdc plasmid cé cung trinh tu tuong ddng cho phép tao ra
plasmid dung hdp chtra nhiéu gen phan hdy.
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Figure13.1 Pathways for the enzymatic conversion of aromatic compounds to cat-
echol by degradative bacteria.
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l

COOH
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p-Hydroxybenzaldehyde Shikimate
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m-Hydroxybenzoate
Vanillate
Protocatechuate

Figure13.2 Pathways for the enzymatic conversion of aromatic compounds to pro-
tocatechuate by degradative bacteria.
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Figure 13.3 The ortho-cleavage pathway for enzymatic conversion of catechol and
protocatechuate to acetyl-CoA and succinate.
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Figure 13.4 The meta-cleavage pathway for the enzymatic conversion of catechol
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- Truong hgp cédc plasmid thuéc nhém khong tuong hgp khdc nhau: cic plasmid
c6 thé hién dién bén trong cling mot t& bao.

+ Vi du: sy tao thanh ching phin hiy cé thé dbéng thdi phan hily camphor
(CAM), octane (OCT), xylene (XYL), naphthalene (NAH) ctia dau thd.

Figure 13.5 Schematic representation of the development of a bacterial strain that
can degrade camphor, octane, xylene, and naphthalene. Strain A, which contains a
CAM (camphor-degrading) plasmid, is mated with strain B, which carries an OCT
(octane-degrading) plasmid. Following plasmid transfer and homologous recombi-
nation between the two plasmids, strain E carries a CAM and OCT biodegradative
fusion plasmid. Strain C, which contains a XYL (xylene-degrading) plasmid, is
mated with strain D, which contains a NAH (naphthalene-degrading) plasmid, to
form strain F, which carries both of these plasmids. Finally, strain E and strain F are
mated to yield strain G, which carries the CAM/OCT fusion plasmid, the XYL plas-
mid, and the NAH plasmid.

CAM plasmid OCT plasmid XYL plasmid NAH plasmid

_ ay y
Sl Rewl T iy el Be

Strain A Strain B Strain C Strain D
Plasmid

recombination

XYL plasmid
CAM/OCT

/plasmid /NAH plasmid
@ O O/

Strain E Strain F

CAM/OCT XYL plasmid
plasmid . e s
/ NAH plasmid

Strain G

4.2.2. Bién doi di truyén bang ky thudt gen

+ Vi du: tao ching E. coli mang operon ma héa toluene dioxygenase thiiy phan toluene
va trichloroethylene.

- Céc gen todA, todB, todC1, todC2 c6 sin phim tao thanh phitc hdp toluene
dioxygenase tir Pseudomonas putida dugc dong héa vao E. coli dudi su ki€m sodt clia tac
promoter (cam @ng, hoat tinh manh).

- Khi ¢6 sy hién dién ctia IPTG (isopropyl-p-thio-galactopyranoside (IPTG),
toluene va trichloroethylene dugc phan hity mat hoat tinh.

- Chiing E. coli t4i t6 hop nay c¢6 wu di€m hon chiing P. putida ban diu 1a c6 kha
nang phan hiy cao hon.
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Figure 13.8 A cloned toluene dioxygenase operon under the control of the tac pro-
moter in E. coli. A. Toluene dioxygenase activity is due to the products of four genes
(todA, todB, todC1, and todC2). todA encodes a flavoprotein that accepts electrons
from reduced nicotinamide adenine dinucleotide (NADH) and transfers them to a
ferredoxin encoded by todB, which reduces the terminal dioxygenase that is en-
coded by todC1 and todC2. These genes are equivalent to the genes xyIXYZ shown in
Fig. 13.7. B. Toluene is converted to cis-toluene dihydrodiol by the concerted enzy-
matic activities of the Tod proteins.

A tac
promoter todC1 todCZ2  todB todA
7 £ /

B

Reduced Oxidized _~ Reduced g NADH
CHy Oxidized Reduced Oxidized NADH + H*
Terminal Ferredoxin Flavoprotein

di ase (TodB) (TodA)

(TodC1C2)
‘cis-Toluene >

dihydrodiol

OH

I [y

4.3. CHUYEN HOA TINH BOT VA PUONG

+ Tinh bot 12 polysaccharide ciu tao bdi cdc mach homopolymer khong phan nhdnh 1a
amylose va phan nhdnh la amylose pectin.

- Amylose dudc tao thanh tir 100 - 40.000 phan t glucose ndi véi nhau bing lién két a-
1,4-glucoside.

- Amylopectin 1a cdc doan ngdn 17 - 23 glucose ndi v6i nhau bing a-1,4-glucoside, cdc
sdi nay lai n8i v6i nhau biing lién két 1,6 hodc 1,3. Phan ti amylopectin chita 10* - 4 x
107 don phan glucose.

+ Enzyme thdy phan hiéu qua tinh bot diing trong d€ sdn xuit con hoic fructose (chit
lam ngot thay saccharose) la a-amylase, B-amylase, glucoamylase, glucose isomerase.

- a-Amylase thily phadn mot cach ngiu nhién céc lién két a-1,4 tir tinh bot tao ra
hdn hop glucose, maltose, maltotriose, cdc doan dextrin (a-limit dextrin), thudng dugc
dung trong budc dich héa tinh bot.

- B-Amylase thiy phan cdc lién k&t a-1,4 tir hai dau ctia amylose va amylopectin
tao ra maltose va cdc doan B-limit dextrin.
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- Glucoamylase thuy phian a-1,3, a-1,4 va a-1,6 (nhung hoat tinh thiy phin o-
1,4 kém hon a-amylase) tir tinh bdt, cdc doan B-limit va a-limit dextrin tao ra glucose;
thudng dugc ding trong budc dudng héa hoic d€ thily phan cac dudng con lai trong bia.
- Glucose isomerase dugc dung d€ chuyén glucose thanh fructose.

‘A
@ Glucose
"' ?
o—o
® 9
9—@ [-Amylase wAmylay
ey
o iy ¢
v
o—9 a-Amylase v
_—
Maltose
o Glucose
Amylose Dextrin
B
@ Glucose
&
00 [* ]
9
o—
p-Amylase a-Amylase Glucoamylase
*—
Q9
o9 —9
9 Maltose
Glucoamylase
o-Limit
dextrin
B-Limit dextrin
Amylopectin

Figure 13.9 A. Pathway for the enzymatic hydrolysis of amylose. B. Pathway for
the enzymatic hydrolysis of amylopectin. The blue circles represent D-glucose
residues.
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+ Enzyme diing trong sdn xud't cdn va fructose chi€m phan quan trong trong tdng chi phi
san xuat nhung chi ding dugc mot 1an. Mot trong nhitng gidi phdp 1am gidm gidthanh 12
san xudt dugc enzyme & qui mo 16n va ré tién.

- Bi€u hién vugt mic enzyme trong vi sinh vit ting trudng nhanh va si dung
ngudn co chat ré tién.

- St dung a-amylase chiu nhiét (80 - 90°C) ty nhién hoic dot bi€n trong budc hd
héa d€ lam gidm thdi gian va s& lugng enzyme can thiét.

- C4i bi€n a-amylase va glucoamylase sao cho cé cling nhiét do va pH tdi uu dé
budc dich héa va dudng héa c6 thé dude thuc hién & mot diéu kién chung.

- St dung enzyme c6 thé thly phan huii hiéu tinh bot séng d€ loai bé budc hd
héa, giam chi phi ning lugng.

- Tao ching nAm men sdn xudt dudc glucoamylase d€ loai bd budc dudng hda
trong 1én men con.

Milled grain

Steam

Celatinized material
Cool
a-Amylase

Liquified material

Glucoamylase

Saccharified material

Glucose Yeast
isome?/ \&

Fructose Fermentation

:

Alcohol

Figure 13.10 Industrial production of
fructose and alcohol from starch.
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+ Vi du: tao chiing ndm men mang gen mi héa glucoamylase va bi€u hién
glucoamylase trén bé mit t& bao.

- Gen ma hda glucoamylase tif nAm mdc Rhizopus oryzae dudc dong héa vao
dudi viing ki€m so4t ti€t (secrete signal sequence, sss) va trén vung 3' clia gen mi hda
agglutinin (mot protein hién dién 10.000 phin t¥ trén bé mit t€ bao nAm men).

- TAt cd dudc ki€ém sodt bing GAPD promoter (glyceraldehyde 3-phosphat
dehydrogenase).

- Chon loc dong t4i td hop dya trén gen trp.

- Trén plasmid, doan gen trpI-GADP promoter-sss-Glucoamylase-Agglutinin-
GADP terminator dugc chén vao giita mot doan trinh ty nucleotide tif nhiém sic thé 11
ctia nAm men (khdng dudc thé hién trén plasmid).

- Trong t& bio nAm men, doan gen trpI-2u-GADP promoter-sss-Glucoamylase-
Agglutinin-GADP terminator dugc sat nhip vio nhiém sic thé s& 11 clia nAim men do
trao d6i doan tuong ddng.

- Chling ndAm men tdi t6 hop bi€u hién glucoamylase c6 thé thity phan tinh bot va
I€n men rugu tir tinh bot.

Glucoamylase 3’-Agglutinin

Promoter .
SSS Terminato

Kpn |

GAPDH !erminafcor

Half of a-agglutinin gene

ColE1T ori Xho |
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+ Mot gidi phap d€ cdi thién ning suit san xudt con thuong mai 12 ti€n hanh lam bién
ddi di truyén trén vi khuin Zymomonas mobilis bing cdc gen cho phép vi sinh vat nay s
dung nhiéu loai hgp chit carbon 1am ngudn co chat.

Ethanol

4.4. CHUYEN HOA CELLULOSE

4.4.1. Thanh phdn va céu tric lignocellulose

+ Céc loai dudng da nhu lignin, cellulose, hemicellulose t6 hgp véi nhau & céc ty 1& khic
nhau thanh thanh phin khung ciu tric lignocellulose & tAt cd thuc vat. PAy ciing 1a
thanh phin chinh trong phu ph& phdm nong nghiép, ché bién gd, gid'y, cdc chat thdi sinh
hoat cAn dugc xi 1y d€ tranh 6 nhiém moi trudng hodc cin dude st dung nhu ngudn tai
nguyén cho san xuat.
+ Lignin dudc tao thanh chii y€u tir phenylpropane tao thanh hgp chit cao phan tf (>
10.000) khong tan, radt khé bi phian hiily biing enzyme va bing héa hoc. Cdc don phan
phenylpropane ndi v6i nhau bing nhiéu lién k&t héa hoc khdc nhau dugc hinh thanh
theo co ch& gbc tv do. Lignin tao lién k&t héa hoc véi hemicellulose bao quanh sgi
cellulose.
+ Hemicellulose 1a heteropolymer mach ngin gém cdc hexose (glucose, mannose,
galactose) va pentose (xylose, arabinose). C6 ba loai hemicellulose:

- Xylan: c¢6 khung 1la sgi poly-pB-1,4-xylan, cdc nhdnh bén la arabinose,
glucuronic acid, arabinoglucuronic acid; thudng hién dién trong gd citng.

- Mannan: gom c6 glucomannan va galactomannan; thudng hién dién trong gd
mém.

- Arabinogalactan.
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+ Cellulose 12 thanh phan don gidn nhi't trong lignocellulose, 13 homopolymer ciia cdc

Figure 13.13 Kepresentative lignin structure, showing some of the various possible
linkages between the phenylpropane (a Cs aromatic group attached to a C; alkyl
chain) units. The phenylpropane units are linked in an unorganized, nonrepeating
fashion.
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Figure 13.14 Structure ot a portion ot a cellulose chain. Glucose residues are joined
head to tail by 8-1,4-linkages.
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4.4.2. Thuy phédn cellulose bing cellulase

+ Cellulase: tén goi chung clia mot ho gdm céc enzyme thiy phin lién k&t B-1,4-
glucoside:

- Endoglucanase: thity phan lién k&t B-1,4- giita hai phan tf glucose trong viing
v0 dinh hinh (amorphous region), tao cdc mach ngin.

- Exoglucanase: thity phan tir hai ddu tao glucose, cellobiose (hai glucose),
cellotriose (ba glucose).

- Cellobiohydrolase: dang exoglucanase thiy phin tif hai diu tao cdc mach
khoang 10 glucose.

- B-Glucosidase (cellobiase): thiy phan cellobiose, cellotriose thanh glucose.
+ Céc vi sinh vat ty nhién thudng c6é hoat tinh thiily phan cellulose thip. K§ thuat di
truyén dugc st dung dé tao ra cdc sinh vat, vi sinh vat c6 kha ning thidy phan cellulose
hiru hiéu hon.
+ Dong héa gen ma hda cellulase tut prokaryote (Streptomyces, Clostridium,
Thermoanaerobacter, Thermomonospora, Erwinia, Pseudomonas, Cellvibrio,
Ruminococcus, Cellomonas, Fibrobacter, Bacillus):

- Tao ngin hang bd gen bi€u hién clia d6i tugng vi sinh vat quan tim trong E.
coli.

- Tuyén chon transformant bing méi trudng khang khang sinh.

- B3 sung mot 16p moi trudng agar mém chita carboxymethyl cellulose (CMC,
mot din xuit tan cla cellulose).

- Phét hién vong thily phan cellulose quanh khuin lac bing cach nhudém bing dd
Congo va dung dich NaCl (hoac dung dich Lugol).

- P6i v6i chiing khong tao cellulase ti€t, viéc tuyén chon s& dua trén phudng
phép lai mién dich hoic lai Southern.

- Dong ¢6 hoat tinh B-glucosidase dudc phat hién bang cdch nudi chiing trén moi
trudng c¢6 ngudn C duy nhit 12 cellubiose hoic ding cd chit tong hop 1a X-Gal (5-
Bromo-4-chloro-3-indolyl-B-D-glucopyranoside).

4.5. SAN XUAT SINH KHOI

+ Mot s6 lugng 16n cdc dang sinh kh&i nhu lda mi, cdc alkane tir dau khi, chat thai
cellulose va methane dudc sit dung 1am cd chit d€ nudi vi sinh vat thanh cic protein don
bao (single cell protein, SCP).

+ Cdc SCP ¢6 thé dugc dung lam chit b3 sung thyc phim cho ngudi va dong vat. Tuy
nhién, do gid thanh cao, thi€u vi ngon, ddi khi c6 ddc tinh nén cho d&én nay chua co
nhiéu cdng thiic SCP trd thanh san pham thuong mai.

+ Tuy nhién trong mot s& trudng hgp van con kha ning tao ra chit bS sung thuc phdm
dang SCP ré tién biing con dudng k¥ thuat di truyén.
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Figure 13.15 Enzymatic biodegradation of cellulose. Cellulose hydrolysis begins
with the cleavage of 8-1,4-linkages within the accessible amorphous regions of the
cellulose chains by endoglucanase(s). This reaction is followed by the removal of
oligosaccharides from the reducing ends of the partially cleaved cellulose chains by
exoglucanase(s) and cellobiohydrolase(s). The degradation of cellulose is completed
when the cellobiose and cellotriose are converted to glucose by p-glucosidase.
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