TOM TAT

1.1 CAu trdc ciia DNA

1.2 Qua trinh sao chép DNA

1.3 Giai ma thong tin di truyén: RNA (phién
ma) va protein (dich ma)

1.4 Diéu hoa phién ma & sinh vat nhan so
1.5 Dieu hoa phién ma & sinh vat nhan
chuan

11/4/2021 TS. Nguyén Ngoc Phuong Théo 45
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CHUONG 2:
CONG NGHE DNA TAITO HOP
NGUYENNGQCPHUONGTHAO
Thao.nnp@vlu.edu.vn
46
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7| vanLANG

Céng cu: Hé théng
enzyme cat gidi han, s
vector, té bao chu

NOI DUNG

Ky thuat nhan dong

DNA tai t hop cén
ban

Céc phuong phap
eammd chuyen DNA vao té
bao nhan so E. coli

Cac ky thuat sang
loc

9/20/2021

Ung dung cla cong
nghé DNA tai td hop

TS. Nguyén Ngoc Phuwong Thao

Thiét ké vector
chuyén gene in silico

47

47

\\\7} VANLANG

) UNIVERSITY

MUC TIEU

¢ Nam duwgc cac khai niém co ban, cac cong cu

¢ Nam duoc cac budc trong ki thuat nhan dong DNA

tai té hop

* Van dung kién thic dé

thuat trong thuc té

tim hiéu ng dung clha ky

e Van dung kién thirc dé thiét ké vector nhan dong

DNA trén may tinh (in silico)

9/20/2021

TS. Nguyén Ngoc Phuwong Thao

48

48
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* DNA tdi t6 hop (recombinant DNA): DNA cua
loai A dwoc chuyén cho loai B

* Nhan dong (cloning): tao ra nhiéu ban sao

DNAfragmentcut  Orignal  Recombinant vactor
nnnnnnnnnnnnnnnnnnnnnnnnnnnn

Insertod intobacterla  Bacterla contalning
nnnnnn

. TS. Nguyén Ngoc Phuong Théo

49

] v Nhan dong DNA

Il:NAf‘;agmal it Olrigin_adl Rec "I])bNAI'l te D P N ?
y endonuclease plasmi using igase
é lam gi?
~
-Luu triy
C+ —
n s
Inserted into bacteria Bacteria containing - P h a n t | c h

nnnnnn

O -Biéu hién protein

9/20/2021 TS. Nguyén Ngoc Phuwong Thao 50

50
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T CAC CONG CU SU DUNG

* Enzyme:

— Sao chép: DNA polymerase

— C3t gidi han (Restrictrion enzyme)

— NG&i DNA (T4 DNA ligase)

— Thay d6i dau DNA: dephosphorylation bang alkaline

phosphatase

* Plasmid nhan dong co ban trong E. coli: pBR233, pUC18
* Té& bao cha:

— Prokaryotes: E. coli, Bacillus, Pseudomonas

— Eukaryotes: S. cerevisiae, A. nidulans, P. pastoris,
Chlamydomonas rehardtii

9/20/2021 TS. Nguyén Ngoc Phuong Théo 51

51

()

(4)

(¢)

(d)

SP ENZYME CAT GIOT HAN

(RESTRICTION ENDONUCLEASE - RE)

Peshvcrion endywe.

GAAT TC| 5
GAAT TC G G

CTTAA
Frogrrevtts have
Enzyme cnbs DNA Swgle-shonded overhangs
Haelll Pul EcoR1
) . L | ) - Phan &ng t6i wu:
5".GGCC-3 5".CTGCAG-3 5. GAATTC-3
| | * luwgng enzyme
e CTGCA%G GAATTC  lwong DNA
€cee GACGTC CTTAAG v e .
! ! ! » diéu kién pH (dung dich
dém)
B E B "E e
- ‘ : * thoigian
Blunt 3-protruding 5"-protruding
9/20/2021 TS. Nguyén Ngoc Phuwong Théo 52

52
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ENZYME CAT GIOI HAN (RESTRICTION
et T ENDONUCLEASE - RE)

v | VANLANG

Drge Table 4.1. | Recognition sequences and cutting sites for some
Tra C uu * restriction endonucleases
Enzyme Recognition sequence Cutting sites Ends
https://nebcloner.neb.co
p BamHl 5-GGATCCY cleaTcc 5
I H CCTAGG
t
m/# '/red IgeSt EcoRl 5-GAATTC-3 chaatTC B
CTTAAG
Haelll 5-GGCC-3 cclce Blunt
CCGG
Hpal 5-GTTAAC-3 GTTAAC Blunt
CAATTG
Pstl 5-CTGCAG-Y CTGCAG 3
GACGTC
Sau3A 5-GATC-3' LaTc 5
CTA G'
Smal 5-CCCGGG¥ (eieleizlefe Blunt
GGGLCC
Sstl 5-GAGCTC-3 GAGCTC 3
CTCGAG
Xmal 5-CCCGGG-3 coEtE 5
GGGCCC
9/20/2021 TS. Nguyén Ngoc Phuong Théo 53
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AN T4 DNA LIGASE
- —_——

crTane | lerTAne |

Frogpnents with mor\d-\‘mg ove.r\-m.v\gga

v

bose-paw ond svick ONA Z\gpse sears the gops

T4 DNA ligase

ATP, DTT, Mg®*

* Keo phént
¢ Hoat dong hiéu qua nhat trén cic dau c6 két (cohesive ends)
¢ Hoat dong tét nhat & 37°C

9/20/2021 TS. Nguyén Ngoc Phuwong Théo 54

54
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ENZYME BIEN BOI PAU
DNA

« Alkaline phosphatase: loai bd nhém phosphate & dau
5

* T4 polynucleotide kinase: thém nhém phosphate vao
dau 5’

* Enzyme cat tao dau bang

v | VANLANG

Starting material

5" — 3
5 (— Mung Bean Nuclease s § ey
3 5 3 l—::Jt\’f,[.\’s
o 2 O
!
9/20/2021 TS. Nguyén Ngoc Phuong Thao & anwe 55
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aemd DAC BDIEM CUA VECTOR

MCS restriction enzymes

Kich thudc nhé

399
C4 replication origin i
twong thich v&i host i
, . , MCS oz
Cé marker sang loc: cac /. , HiA
r r . - o 423
gene khang khang sinh (€[ o s
Co céc RE sites a
pes
444
5 ats
o 5
450

9/20/2021 TS. Nguyén Ngoc Phuong Thao 56

56
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AN PAC PIEM KHAC

* Lién hop (conjugative) vung tra va mob duoc chuyén
qua té bao khac théng qua qua trinh ti€p hop

* Khong lién hgp (non-conjugative)

* S0 ban sao (copy humber):

— Thap (vai copies/chromosome): quéa trinh sao chép duoc

kiém soat vdi su sao chép cta gDNA té bao chl

— Cao (>10 copies/chromosome)

9/20/2021 TS. Nguyén Ngoc Phuong Théo 57

57

] vanane SO BAN SAO CUA MQT SO PLASMID

Common Vectors | Copy Number ORI ___________|

puC ~500-700 pMB1 (derivative)
pBR322 ~15-20 pMB1

pET ~15-20 pBR322

pGEX ~15-20 pBR322

pColE1 ~15-20 ColE1

pREK ~15-20 REK

pACYC &10 p15A

pSC101 o pSC101

pBluescript ~300-500 ColE1 (derivative) and F1
pGEM ~300-500 pUC and F1

https://www.google.com.vn/url?sa=i&url=https%3A%2F%2Fhistogene.co%2Frecombinant-proteininsects-
9%2F&psig=AOvVaw2timGwF652bOuiGdDOTZS3&ust=1601456071594000&source=images&cd=vfe&ved=0CAQ

QjhxgFwoTCOj04Pf-jewCFQAAAAAJAAAAABAL )
9/20/2021 TS. Nguyen Ngoc Phwong Thao 58

58
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B e CAC BUGC CO BAN
TRONG TAO DONG PHAN TU DNA

Vector Preparation Insert preparation Colony screening

biology/molecular-cloning/cloning/traditional-cloning-basics.html
9/20/2021 TS. Nguyén Ngoc Phuong Théo 59

https://www.thermofisher.com/vn/en/home/life-science/cloning/cloning-learning-center/invitrogen-school-of-molecular-

59

- CAC BUOC CO BAN TRONG TAO DONG

7] vanLANG

gaizel PHAN TU DNA

Chuan bi gene ngudn (insert): tach, cat

Chuan bij plasmid: tach, cat

Dan insert vao plasmid

Bién nap t6 hop trén vao té bao chd

Sang loc té bao chira plasmid muc tiéu

9/20/2021 TS. Nguyén Ngoc Phuong Thao 60

60
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UNIVERSITY

~—

sopd ,
QUA TRINH CAT HAN CHE VA NOI

Taraet gqene
\S_;‘k:\\ (e. 5: \%Lm\\ﬁv\ %u'\g.)
[ Ploswid | “‘\\;\%
Digest wth
restei criony
24\'\1‘.\!“?\!_
Ty P
' 4 ) & N
| Sow itk | [ Recowunant | |
TNA ligase \ pPleswid
S 4
LA )
9/20/2021 TS. Nguyén Ngoc Phuong Thao 61
61
] vanane CHUYEN DNA VAO VI KHUAN
T
DNA uptake

Competent Transformant

A. Bién nap (transformation)
B. Tiép hop (conjugation)

C. Chuyén nhiém (transduction)

Transconjugant

Infection and lysis Reinfection Transductant

9/20/2021

TS. Nguyén Ngoc Phuong Thao 62

62
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] VANLANG BIEN NAP

Ligod So ‘oackevi
W e e

\f

E_/ Heat ghock
—

Backeda | | Othex backevion dovk

 Bién nap (transformation): bang sdc nhiét (heat shock) hoic
xung dién (electroporation), Té€ bao kha bién (competent cell),
Chi mét s6 it té€ bao nhan thanh céng plasmid: transformants

9/20/2021 TS. Nguyén Ngoc Phuong Thao 63

63

S BIEN NAP bang sbc nhiét

* Té bao kha bién: té bao mid-log x{ ly v&i CaCl, lanh
* Cho tiép xuc nhiét dé cao 42°C

* Tan s6 bién nap 1073

 Hiéu suat: 106-107 khuan lac/ug DNA

n Chemical transformation

Chemically Ligated
competent mixture
cells 1-514)

IID-D

Incubate
5-30 min Heat shock Retum

azc
sec

9/20/2021 TS. Nguyén Ngoc Phuwong Théo 64

64
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Chuyén DNA vao vi khuan

v | VANLANG . . .
bang xung dién (electroporation)

Y UNIVERSITY

Cuvette

* Electroporation

*  Vikhuan + DNA dit vao dién
trwong cao ap
B
. A X 10
— Hiéu suat 10° transformants/ug
w2 DNA d6i véi plasmid nho (3kb),
@ 6 4K L s s
cféf 10° d6i véi plasmid Ién (136 kb)
oo
1 2 3
9/20/2021 TS. Nguyén Ngoc Phuong Thao 65

https://moodle2.units.it/pluginfile.php/327420/mod_resource/content/0/TEC_CELL_SCHEDA 07 bacteria%20transformation.pdf

65
g v Chuyén DNA vao vi khuan bang
- phwong phap tiép hop (conjugation)
e Chuyén DNA giita cac t& bao e / i
béng cach: A © ©‘\h e o @
Shuttie plasmi \Chmmosome
— Tiép xuc té bao vdi té bao
— Théng qua kénh (pilus) B @ © ©
* Mot sb plasmid c6 kha ndng tu
chuyén nhiém (self- " © @K ©
transmissable): chtra cac tra e oo
genes (hd trg DNA transfer,
replication va mating pair D © @ @ © ~—
formation)
9/20/2021 TS. Nguyén Ngoc Phuong Thao 66
66
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Chuyén DNA vao vi khuan bang chuyén
T nhiém (transfection)

v | VANLANG

» Chuyén doan gene nh& vao bacteriophage

@D Bacterial DNA | @D Viral DNA

9/20/2021 TS. Nguyén Ngoc Phuong Théo 67

67

7| VANLANG SANG LOC TE BAO -
e CHUPA PLASMID MUC TIEU

Ploce bocteria on
[ anklbigtic plode.
[ [ Gunardt \ Co\ov
|| peewid e / 7
Akl Bockevion without o Plosivich die.
RAwores Each bachewd iy ik
e Ve o oy i O e

» Marker sang loc (gene khang thuéc khang sinh) -> khuan lac
tiém nang dung

* Tién hanh kiém tra DNA trong khuan lac tiém nang: PCR, tdch
plasmid va phan huy bang RE

9/20/2021 TS. Nguyén Ngoc Phuwong Théo 68

68
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§ puUcts
2 2686 bp
rwW'“e\\
9/20/2021

MCS

CAC MARKER SANG LOC

HindIII
EcoRI EcoRV
MCS restriction enzymes BamHI
5 4359029 155
405
410

TS

o Pstl

4361 bp
438
438
P
a14
a8
450
450
2295
Ndel
Nguyén Ngoc Phuong Thao 69

69

UNIVERSITY

\ | VANLANG
~—

Colony 'S growon
o \mr%e culhuce

9/20/2021

BIEU HIEN PROTEIN

TS

Gere s Fravdcrioed

ko WRNA
Bacyext
e A
exXpress opne. \Z :
®oee
o

WARNA s awsloded wyvo
profeun (eq., wsulin)

¢ Khuén lac chira plasmid biéu hién protein cé thé tiép tuc duoc
nudi cdy, trén moi tredng cdm (rng san xuat protein dich.
Protein duoc thu, lam sach va sir dung.

Nguyén Ngoc Phwong Thao 70

70

11/4/2021

35



[\ vanLanG

The synthesis of recombinant insulin from
atificist & and @ chgin genes,

B chain

Leader B8 i A |

The structure of the insulin molecule and a summary of its synthesis by processing from preproinsulin.

(@) Tha artificial ganes.

lacZ'
lac promoter, Ageng B gene
Vactor camying the Vactor camying the
artificial A gane artificial B gana

(b) Synthasis of insulin protain

4 Transformed E. coll
synthesiza A and
8 fusion proteins
A B
p-galactosidasa 1
Wﬂm‘\q_/;kcnm B chain
met met
Cyanogen
bromide
P el ~ Cleaved fusion
protsins

Purify A and B chains, attach
by disulphida bridges
= I

Insulin

9/20/2021 TS. Nguyén Ngoc Phuong Thao 71
71
VANLANG
UNIVERSITY
lacZ’ ) Figure 1¢
lac promoter, Artificial . _ .
somatostatin gene  Production of recombinant somatostatin.
p-galactosidase Transform E. coli
segment
\v\_._ Fusion protein
met I
Somatostatin
Cyanogen
bromide
ﬂ\ L
\/ Somatostatin
72

9/20/2021 TS. Nguyé&n Ngoc Phuwong Thao
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(a) Preparation of the somatotrophin cDNA fragment  Figur

r\; VANLANG 0 24 191 Production of recombinant somatotrophin.

UNIVERSITY Sedors —p—————

Haelll

Restrict with Haelll

0 24 24 101
e
_q

‘/ Retain
Discard

(b) Expression
0 24 191

F

Synthetic leader CDNA

Insart into an
exprassion vector

fac promoter

lTramiotm E. coli
Somatotrophin
is synthesized
TS. Nguyén Ngoc Phwong Thao

73

73
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VANLANG UJNG DUNG CUA

UNIVERSITY

CONG NGHE DNATAI TO HOP

3y Thao luan: trng dung céng nghé dna tai tb hop trong céng nghé sinh hoc

Mai ban hay tim vi du sir dung c6ng cu nhan dong DNA/protein tai td hop va trinh bay trong phan thao luan.
Nhirng ndi dung sau day phai duo'c trinh bay:

1. Tén gene/protein, chirc nang clia no la gi? (25% diém)

2. Loai plasmid sir dung? (25% diém)

3. Loai té bao chu sir dung? (25% diém)

4. Bua link tai liéu tham khao (25% diém)

LU'U Y: BAN POST SAU KHONG BUQ'C NEU LAI Vi DU CUA BAN DA POST TRU'G'C DO

TS. Nguyén Ngoc Phuwong Théo

74

74
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S MOT SO HE THONG KY CHU CHO SAN

UNIVERSITY

XUAT PROTEIN TAI TO HOP

Bang vi sinh vat: vi khuan, tdo, ndm men

Bang thuc vat: protein & than, 13, ré, hat

* Trong sita cua vat nudi

9/20/2021

Bang té& bao cla con trung

TS. Nguyén Ngoc Phuong Théo

75

75

V] e TRONG Y DUOC

w N

. San xuét:
Khéang sinh
Insulin
Hormon tang trudng ngudi:
somatotrophin, somatostatin
Human factor VIII
Interferons, interleukins
Albumin
Khang nguyén -> vaccine
Khéng thé

. Phan tich: gene & bénh

. Liéu phap gene va ung thu

9/20/2021

Some of the human proteins that have been synthesized from genes cloned in bacteria and/or eukaryotic cells or by

pharming.

aq-Antitrypsin
Deoxyribonuclease
Epidermal growth factor
Erythropoietin

Factor IX

Factor Vil

Fibroblast growth factor
Follicle-stimulating hormone
Granulocyte colony-stimulating factor
Insulin

Insulin-like growth factor 1
Interferon-f

Interferon-y

Interferon-a

Interleukins

Lung surfactant protein
Relaxin

Serum albumin
Somatostatin
Somatotrophin

Superoxide dismutase
Tissue plasminogen activator
Tumour necrosis factor

TS. Nguyén Ngoc Phuwong Théo

Emphysema
Cystic fibrosis

Christmas disease
Haemophilia
Ulcers

Infertility treatment
Cancers

Diabetes

Growth disorders

Cancers, AIDS

Cancers, rheumatoid arthritis
Leukaemia and other cancers
Cancers, immune disorders
Respiratory distress

Used to aid childbirth

Used as a plasma supplement
Growth disorders

Growth disorders

Free radical damage in kidney transplants
Heart attack

Cancers

76

76
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TRONG NONG NGHIEP

UNIVERSITY Examples of gana addition projacts wiih plants.

v | VANLANG

-

Insect resistance
Endotoxin

K\Ih‘l_lm
Fu‘l!QII resistanco -
Glucanass Afsta
Baglqnal resistance s
;’:zsqms!anu ke ~
Satelita RNAS Various virusss
Virus coat proteins Various viruses.
Herbicide tolerance B
nolpyruvylshikimate-3-phosphate synthasa Agrobacterium spp.
(Glyphosate exidoreductase
Glyphosats M-acstyltransterasa B hchenitormis
Klabssalla ozzenze
Phosphinothricin acetyitransfarase Straptomycss spp.
Drought tolerance
Acyl-coenzyma A binding prolein Arabidopsis thaliana
Dehydration-responsia slement-binding protsin ‘Soybean
‘Phosphatidyinositol-specifc phospholipase C Maize
Vacuolar pyrophosphatasa A thatiana
Iimproved nutritional quality
Acyl carier protein thioestarase (fat/od content) Urmbsilularia californica
dasaturase (f-carotana contant) Pantoes ananatis
Dahydroascorbata reductass (ascorbate content) Rics
Daita-12 desaturase (fat/od contant) Glycine max
‘synthase (p-caroteng content) A thaliana
FEA1 metal transporter (iron content) Chiamydomonas reinhardti
GTP cycloydrolasa (folate Escherichia coll
jonina-rich protein (sulphur contant) Brazl nuts
Monsilin, thaumatin (swestnass) Thaumafococcus danislii
‘synthasa (§-carotena contant) Pantosa
Sporazein (profein content) Maize and swest pofato
Malﬂ‘tﬂﬂ'm,"lymmm
'DNA adanine methylase E colf
9/20/2021 %&@WC Phuong Thao St 77
77
/ n —~
Ve TRONG CONG NGHIEP
* San xudt cdc chat chuyén hod: amino acids, vitamins,
alcohols, carotenoids, riboflavin, acid butyric
« Khang sinh, thudc trir sdu, cdc chat tao mau, chat ting
trudng cho cdy, vat nudi
» Enzyme tay rira: lipase, protease, amylase...
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3026452/
9/20/2021 TS. Nguyén Ngoc Phuong Thao 78
78
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TUAN SAU

* Tham gia post thao luan

* Ti€p tuc ndi dung: thiét ké vector in silico bang
phan mém Serial Cloner

9/20/2021 TS. Nguyén Ngoc Phuong Théo 79

79

IIIIIIIIII

THIET KE VECTOR NHAN
DONG
(in silico)
GENE MA HOA INSULIN
PE BIEU HIEN TRONG E.
COLI

9/20/2021 TS. Nguyén Ngoc Phuong Thao 80

80
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BUOC 1:
M CHUAN Bl CO SO DU LIEU

* Vector nhan dong: pUC18

v | VANLANG

* Trinh ty gene

Nguon dir liéu gene/genome:
— NCBI gene/genome:
https://www.ncbi.nlm.nih.gov/
— Uniprot
https://www.uniprot.org/

9/20/2021 TS. Nguyén Ngoc Phuong Théo 81

81

Chuan bi doan gene tai tb
hop

* T8i wu hod codon usage cho doan gene t3i t6 hop
* Hod téng hop trinh tu

UNIVERSITY

\ | VANLANG
~—

CDS (optimized)
atggcgctgtggatgegectgetgecgetgetggegetgcetggegctgtggggcccggatecggeggeggcgtt
tgtgaaccagcatctgtgcggeagcecatetggtggaagegcetgtatetggtgtgeggegaacgeggcttttttta
taccccgaaaacccgecgegaageggaagatctgcaggtgggecaggtggaactgggcggeggceegggcg
cgggcagcectgeagecgetggegetggaaggeagectgecagaaacgeggcattgtggaacagtgetgeacca
gcatttgcagectgtatcagetggaaaactattgcaactag

MRNA (original)
atggccctgtggatgcegcectectgeccctgetggegetgetggecctctggggacctgacccagecgeagecttt
gtgaaccaacacctgtgcggctcacacctggtggaagctctctacctagtgtgecggggaacgaggcttcttcta
cacacccaagacccgcecgggaggcagaggacctgcaggtggggcaggtggagetgggegggggecctggt
gcaggcagcctgcagceccttggecctggaggggtccctgcagaagegtggceattgtggaacaatgetgtacca
gcatctgctccctctaccagetggagaactactgcaactag

9/20/2021 TS. Nguyén Ngoc Phuong Thao 82

82
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B2: thiét lap co s& di¥ liéu vector va doan
gene muc tiéu trén Serial Cloner

* Import Vector pUC19
* Import doan gene

9/20/2021 TS. Nguyén Ngoc Phuong Théo 83

83

B3: thiét’ ké doan m6i PCR
dé khuéch dai doan gene

‘ muc tiéu
* Poan mdbi PCR forward, reverse

« B sung cac doan trinh ty enzyme cat gioi
han Ién moi

9/20/2021 TS. Nguyén Ngoc Phuong Thao 84

84
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UNIVERSITY

9/20/2021

B4: cloning trén Serial
Cloner

TS. Nguyén Ngoc Phuwong Thao

85

85
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) UNIVERSITY

Cong cy: Hé théng

vector, té bao chi

enzyme cat gi¢i han, g DNA tai t6 hop can

REVIEW

Ky thuat nhan dong

ban

Céac ky thuat sang
loc

9/20/2021

Ung dung clia cdng Thiét ké vector
nghé DNA tai td hop chuyén gene in silico

TS. Nguyén Ngoc Phuwong Thao

Cac phuong phap,
ammd chuyen DNA vao té
bao nhan so E. coli

86

86
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