i Chuong 1

“ Gi6i thiéu vé Sinh hoc phan tir

Cold
Spring
Harbor
Laboratory
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) Sinh hoc phan tir

Sinh hoc phan tir (molecular biology) 1a moén khoa hoc
nghién ctru vé€ cau truc va chirc nang cua cac dai phan t
sinh hoc (acid nucleic, protein,...) can thiét cho su
song.
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Gregor Mendel

Friedrich Miescher
24/03/2016 2:53 SA

¢ 1866 Dinh luat phan ly doc lap
trong di truyén tinh trang,
Mendel. (Cha d¢ cua di truyén
hoc hién dai).

+» 1868 Friedrich Miescher kham
pha ra DNA va goi nd6 la nuclein.
“... chat nay dén ttr nhan cla
té bao. Vi vay, chung téi goi
né la nuclein (chét nhan).”

3 Nguyén Hiru Tri 9

1893: Albrecht Kossel
tim ra nucleic acid gom
co 4 loai base.
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1889: Richard Altmann
T tim ra nuclein la acid va

goi no 1a nucleic acid

(nucleinsiaure).

Alduacie

Ueber Nucleinsiuren. Archiv fiilr Anatomie und Physiologie.

5

Physiologische Abteilung. Leipzig, 1889, 524-536.

Phoebus Aaron (Theodore) Levene
(1869-1940)

1909: Phoebus Levene kham pha
rang DNA duoc tao boi 3 thanh
phﬁn co ban: duong, mot acid, va
mot base.

1929 Phoebus Aaron Levene xac dinh va dat tén cac ribonucleic
acid va deoxyribonucleic acid, va mdt cau traic DNA
“tetranucleotide”, trong d6 4 base cia DNA dugc sap xép theo thu

tu trong mot bd bon.
6

©
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Thi nghiém vé su bién nap

1928 — Lan dau tién chung minh sy bién
nap & song cau khuan Streptococcus
pneumoniae (Diplococcus pneumoniae).

Frederick Griffith
PR & e RS DI

“ T-"‘ 1-’. S Thg e (heae 2 o
Ry TOI B  FLY  grri
et rL'g j‘b‘l e, i 3 L “‘f&
- ' ; r_-‘ $|'\ ":.‘ Sk -w--l;p?u/f-‘
’ S,
W A

I

G
| CapEoe el
/.-uv,, ,h & \l}‘,,‘:l‘iJ

Smooth strain—S5. pneumoniae Rough strain—S. pneumoniae

24/03/2016 2:53 SA %
7 Nguyén Hiru Tri

Qua ting tir cai chét

Té bao S séng Té bao R séng Té bao S chét Tron té_ bao S‘chét
(control) (control) (control) vate bao R song
| L
i ‘ ¥ ¥
KET QUA J l J J
Chuét bj chét Chudt van séng Chuét van séng Chubt bi chét

& L2 LD s

@ Té bao S séng dwoc

tim thay trong mau mau

Copyright © 2005 fon, Inc. Publishi i ings. ANl righis reserved.
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@ DNA mang tin hiéu di truyén

i i /A ]

% Nam1944 nhém Avery, McCarty, McLeod
xéac dinh rd nguyén nhan gay bién nap la gi?
Té bao S + (protease, RNAase)— Chudt chét
Té bao S + (DNAase)— Chudt song
— DNA 1a nhan t6 bién nap

Oswald T. Avery
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ﬁ 1949 Roger va Colette Vendre}y, cung voi André Boivin, tim

wmgr rarang sO lugng DNA trong tat cd cdc mo cua cung mot dong
vat 1a nhu nhau, va sé luong DNA trong nuclei cta tinh tring
chi bang mot nita trong té bao sinh dudng, cho thidy DNA co
thé 1a vat liéu di truyén.

Two equally probable / \
arrangements of / \
{ \

chromosomes at ( )
metaphase W

A =8 P

\x/ \xg { §x {
=== C\v ==
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ﬁ 1952 — Alfred Hershey va Martha Chase két
et ludn vét li¢u di truyén cua phage T, 1a DNA.

="

Phage Hostcell '
(a) DNA  (E.col)
Mix radioactively labeled Agitate in a blender to Centrifuge and measure|
phage with bacteria. The separate phage outside the radicactivity in the
phage infects the bacterial  the bacteria from the pellet and supernatant.
cells.

(b)

X ~ ,
24/03/2016 2:53 SA 1 Nguyén Hiru Tri e

Cau tric
that su cua
DNA?
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“Chung toi da xdy dung thanh cong
cau tric ciia DNA... Ciu tric nay
gom 3 chudi xoin polynucleotide
quén vao nhau. ...Chudi xoiin theo
chiéu tay phai. Nhom phosphate
nam rat oan truc X04n... véi cac goc
pentose... purine va pyrimidine
phan bb téa tron...”

£ Linus Pauling & Robert B. Corey
Llnus Carl Pauling (Nature, 1953, 171:346).
1901-1994 y )

Linus Carl Pallng
1901-1994

Pauling, L. and Corey, R. B. 1953. A proposed structure for the
nucleic acids Proc. Natl. Acad. Sci. US4 39:84-97. 9




1950 Erwin Chargaff tim ra rang so
luong A bang T va G bang C & DNA
cua rat nhiéu loai.

> (1) A% =T%

\ /g (2) G% = C%

Erwin Chargaff

Gia tr1 Chargaff & nguoi:
G =19.9%, C=18.8%, A=30.9%, and T =29.4%

: e

Nhiéu xa tia X ciia DNA

1952 Maurice Wilkins va Rosalind

dung DNA duoc tinh sach boi Signer)

Rosalind Franklin

Franklin str dung k¥ thuat phan tich tia
X tim ra su 1ap lai cta cau traic DNA (st @
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April 25, 1953 NATURE

R. Deacon and the is
Discovery I1 for their

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

fwined

i, and ¢

this_ sirueture s unsotisfn
(1) We balieve that the m

T
phosphat n i
inside, linkid togother
structuro a8 described i

1953 James D. Watson va Francis H. C. Crick cong
bo cau trac chudi xoan kép ciia DNA.

— Sinh hgc phan tir ra doi.

James Watson va Francis Crick
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@ DNA 13 biéu twgng

Spring
Harbor
Laboratory

: e

@ DNA 13 biéu tuwong

‘ (—,y‘:[ Le JAMES D.
\ WATSON

| Web | Images Groups Directory

Google Search I'm Feeling Lucky

24/03/2016
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@i Hoc thuyét trung tim (F.Crick,1956)

transcription translation
DNA < ——% RNA — protein
reverse
transcription

replication

Mot gen dwge biéu hién qua hai buéc
1) Phién ma (Transcription): téng hop RNA
2) Dich ma (Translation): Téng hop Protein
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©

@ 1970 Howard Temin va

= David Baltimore doc lap
phan lap dugc enzyme cat
g161 han

— Cot mbc lich sir trong k¥
thuat di truyén | T

rmOO0T™ om

David Baltimore Howard Temin

24/03/2016 2:53 SA 22 Nguyén Hiru Tri

©

24/03/2016

11



f %"1984 Ky thuét PCR dugc Kary
Mullis dé xuét.

— Nén tang cta k¥ thuat di truyén
%1986 Leroy Hood: Phat trién
may giai trinh ty ty dong

Kary Mullis

ngu’m (HGP) bat dau Leroy Hood

Human Genome Project

24/03/2016 2:53 SA
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i 1996 B6 gen ctia nAm men (Saccharomyces cerevisiae)
duogc giai trinh ty.

S. cerevisiae
12.1 Mb, 6300 genes

21997 Escherichia coll dugc giai trinh ty

E coh4700 kb

4300 genes o,
24/03/2016 2:53 SA 9 Nguyén Hiru Tri e
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h o

%1998 Hoan thanh viéc giai trinh tu bd gen giun tron
Caenorhabditis elegans

~§!
P ;
B
\

X

C elegans
97 Mb, 19,000 genes

%2000 Hoan thanh viéc giai trinh ty bd gen rudi giém
Drosophila melanogaster

Drosophila melanogaster
180 Mb, 13,600 genes

24/03/2016 2:53 SA 25 Nguyén Hiru Tri @

-

%2000, bd gen thuc vat dau tién, Arabidopsis
thaliana dugc giai trinh tu

Arabidopsis thaliana

125 Mb, ~ 25,000 genes
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@) < 14/4/2003 hoan tat ban giai ki tu chudi bo gen
nguoi (Homo sapiens). Ton 2,7 ti USD
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ﬁ’% BACTERIA i
e 1 t 7/ ARCHAEA

aranos® uth

Phan loai sinh gidgi

After
Pace 1997
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i@y Ba giai sinh vat

L4
Thé giéi sinh vat gom ba giéi ( dwa vao trinh tu
nucleotide cia rRNA):
v’ Vi khuin (Bacteria)
v/ Vi khuin ¢6 (Archaea)
v'Sinh vét nhin thit (Eukarya)
The Tree of Life \ Ww:’!""::':

Archaea

= - e
Bacteria

Common ancestor
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Bacteria Archaea

Large
subunit

This DNA segment codes for
e the RNA in the small subunit
change f;gn"'g‘f"m of ribosomes.
TTTAAGT ATTCAGT
change
TGTCAGG

Evolutienary
change
TTTCAGT

Ancestral DNA
sequence

Figure 3.5 Determining the relationships among organisms. Comparisons of the DNA sequences that code
for ribosomal RNA in various organisms has helped scientists construct the tree of life.
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Hai dang té bao

(a) Prokaryotic cell (b) Eukaryotic cell

~ Periplasmic space
and cell wall

Foeld

Mitochondrion

Outer membrane  Inner (plasma) Nucleoid

membrane O34

1 pm
oy

Eukaryot

Nuclear membrane
-

Endoplasmic reticulum

Prokaryote

Nucleoid

Plasma membrane

Golgi vesicles
_~Mitochondrion
s Peroxisome

Lysosome

N Inner (plasma) membrane
X
e Cell wall
Periplasmic space

Outer membrane \
Rough endoplasmic Secretory vesicle

reficulum
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Prokaryote vs Eukaryote

Table 1.1. Differences Between Prokaryotic and Eukaryotic Cells

Prokaryotes Eukaryotes
Size Usually 1-2 pm Usually 5-100 pm
Nucleus Absent Present, bounded by nuclear envelope
DNA Usually a single circular Multiple molecules (=chromosomes),
molecule (=chromosome) linear, associated with protein.”
Cell division Simple fission Mitosis or meiosis
Internal membranes Rare Complex (nuclear envelope, Golgi
apparatus, endoplasmic reticulum,
etc.—Fig. 1.2)
Ribosomes 708* 80S (70S in mitochondria
and chloroplasts)
Cytoskeleton Absent Microtubules, microfilaments,
intermediate filaments
Motility Rotary motor (drives bacterial Dynein (drives cilia and eukaryote
flagellum) flagellum); kinesin, myosin
First appeared 3.5 x 10° years ago 1.5 x 10° years ago

¢ The tiny chromosomes of mitochondria and chloroplasts are exceptions; like prokaryotic chromosomes they are
often circular.

OThe § value, or Svedberg unit, is a sedimentation rate. It is a measure of how fast a molecule moves in a
gravitational field, and therefore in an ultracentrifuge.
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@i Cau truc NST cua Prokaryote

- Xoin kép: khe nhé, khe 16n; DNA-binding protein gin vao khe

16m

- Céu tric bic hai: thAn—vong (stem-loop) hay kep téc (hair
spin) noi nhan dién cia protein diéu hoa

- Cau tric siéu xoan va cau tric vong mé: topoisomerase Il va I

Break one strand
e —
_

Rotate one end of
broken strand around
helix and seal (¢) Supercoiled circular DNA

(a) Relaxed, covalently closed (b) Relaxed, nicked circular DNA
circular DNA
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i Té bao Prokaryote

-

- Té bao khong nhan, bd gen DNA mach vong

- Té bao chit don gian chira ribosome 70S, khong c6 cac bao quan khac

- Vich té bao céu tao b%ng peptidoglycan hodc pseudopeptidoglycan, quyét
dinh tinh Gram cia té bao.

- Toc dd sinh téng hgp DNA, RNA, protein, sinh truwéng va phan chia nhanh

- C6 thé nhan ning lugng tir anh sang, hop chit vé co, hitu co

- Sinh san chi yéu bing cach phan déi, mét s6 c6 kha ning tao bao tir

- La dang chiém da sé trong sinh quyén, nhungchwa duwge kham pha nhiéu

Circular DNA Plasmids Cellwall

—|Outer
membrane
|
‘ — L Inner
membrane
¥ — | Periplasmatic
space

L ca.3-4pm

—— . lum ——

A.Scheme of a prokaryotic cell
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@ Cau tric NST ciia Eukaryote

- Kich thwéc 16m
- Nucleosome, chromatin, nhiém sic thé
- Telomere ¢ hai diu va centromere & giira
- Ba nhom DNA:
v" DNA m{t bén sao: ma hoa protein
v DNA lap lai trung binh: ma hoéa histone,
immunoglobin, rRNA, tRNA

Doutse.stranded D1k —

24/03/2016 2:53:17 SA 35
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iy Té bao Eukaryote

- Té bao to va phirc tap

- B§ gen mach thfmg nhiéu phan tir (NST) nim trong nhan

- Té bao chét phirc tap chira ribosome 80S, mang luwéi ndi chét, ty thé, hé
Golgi, lysosome, lap thé...

- Vach té bao chira lipoprotein, cellulose hodc chitin

- Téc dd sinh truéng, phan chia chim

- Da s6 sinh san hiru tinh c6 giao tir khac gi6i

Smaoth endoplasmic Cell wall
reticulum

Vacuole

Plasmamembrane

10-30 pm

Nuclear membrane

Rough endoplasmatic
reticulum

Golgi vesicles
lysosome
Peroxisome

—
L 10-100 ym——

1. Animal cell 2.Plant cell
B. Scheme ofan eukaryotic cell
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@ Cac hién twong di truyén ¢ vi khuan

- Bién nap (transformation)

- Tai nap (transduction)

- Giao nap, tiép hop (conjugation)
- Chuyén vi gen (transposition)
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iy Bién nap (transformation)

Bién nap 13 qua trinh té bao tiép nhin DNA trin tir vao té bao chi
1. DNA gin Ién DNA-binding protein trén vach té bao
Nuclease thity phan mdt mach DNA, cho phép mach don con lai di vao trong té bao
Mach DNA dwgc mang va bio vé boi mdt sé protein chuyén biét
Mach DNA tai td hop vao b gen boi RecA protein
Té bao co kiéu gen méi dwrge tao thanh khi té bao phén chia

SANF o

Bacterial
ch

_~—Transforming DNA

DNA binding protein

Competence-specific
single-stranded DNA
binding protein

Nuclease

Free nucleotides
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i@l Tai nap (transduction)

- DNA ciia té bao cho dwoc chuyén qua té bao nhin béi virut

- Téi nap chuyén biét (specialized transduction): tii nap trén mot so
gen nhat dinh cua vi khuin cho (virut mang theo gen ciia vi khuin
khi bi cit mdt cach khong chinh xac ra khéi b gen té bao chii)

- Tai nap chung (generalized transduction): tii nap mdt gen bat ky tw
vi khuén cho sang té bo nhin (DNA ciia té bo bi phn doan va lap
ngiu nhién vao vé virut méi)

- Blen déi boi phage (phage conversion): su thay d6i kiéu hinh & vi
khuén do sy thé hién ciia gen virut tiém tan

o) - M )
24/03/2016 2:53:17 SA Nguyén Hiru Tri
i@ Tai nap (transduction)
-

Bacterial cell

e
Lyticicycls ) Transduced cell

Phage —®

( \ Transducing particle

(host DNA within phage
(7

Transducing 0 coat)

particle L i
Bacterial cell Transduction Genetic
recombination
with host DNA
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i@ Tai nap (transduction)

Site of galactose
genes of host DNA ﬂ Priage DNA
/ Induction \J
Normal event: |Rare event:.

Phage DNA p
circularizes and A portion of host
detaches from DNA is exchanged
host DNA for phage DNA

Detached DNA @ g Detached DNA
replicates replicates

0090 8)
Phage synthesis O Oogo Phage synthesis
is completed is completed
O @ Cell lyses and releases
Cell lyses and ®O @ 0 @ = ®\’) defective phage
releases normal ) [a capable of transducing
phage U O @ b@ﬁ() galactose genes
¢ o3
)
Oy
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i@ Plasmid

=
- Phan tir DNA vong, kich thwéc nhé cé thé tw sao chép doc lap trong té
bao chu

- CAu tric ciia plasmid:
+ Mang gen ORI (origin of replication, Ori) kiém soat tin s sao chép va sb
Iwgng ban sao ciia plasmid trong té bao
+ Gen diéu khién sy chuyén DNA trong giao nap (mét sd)
+ Cac gen khic: khang khang sinh, tao ra djc t6, kha ning bién duéng nhirng
co chat khong binh thwong nhw thuoc trir siu, dung méi cong nghiép

Plasmid R: plasmid khang thudc

+ Mang mjt s6 transposon mdi loai cho tinh khang dbi véi mdt loai khang sinh
nhit dinh

+ Khing dong thoi dén 5 loai khang sinh khac nhau
+ Phat tan tinh khang thudc nhanh trong quin thé thong qua qua trinh giao
nap
- Té bao c6 thé chira dong thoi mdt s6 plasmid khac nhau néu chiing twong
thich (ORI khac nhau)
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tra

region IS3

1S2

oriT

24/0!

L4 L L3
Su giao nap (conjugation)
- Chuyén DNA théng qua giao nap & vi khuin
- Plasmid xuc tién sy giao nap:
Téng hep khuin mao pili gitip hai té bao tiép xiic
Tao ciu giao nap (conjugative bridge) truyén DNA
Plasmid sao chép bing co ché sao chép cudn vong (rolling circle replication) va chuyén mot
bén sao cho té bao nhin
Té bao nhan sao chép dé c6 plasmid vong mach kép

Plasmid.

Conjugation: Plasmid
transfer

ing donor

Conjugation: Chromos:
Danor cell with Lol
integrated plasmid

I/
J—
j.i
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@ Sw giao nap (conjugation)

- Yéu t6 F & E. coli thuc hién viéc cho gen trén nhiém siic thé té bao cho sang té bao
nhin (chiing Hfr):

1. Sw hién dién dong thoi ciia trinh tw sat nhap (insertion sequence) ¢ yéu t6 F va nhim sic
thé ciia té bao

2. F chira trinh ty khéi dau chuyén (origin of transfer)

3. Trinh ty nay gitip F mang theo cic gen ciia nhim sic thé nim ngay dwéi ha lru cia trinh
tw chuyén tir té bao cho sang té bao nhin

4. Sw cit khong chinh xéc khi sao chép va chuyén yéu t6 F 1am ting tin sé giao nap chuyén
biét ciia nhiém sic thé sang té bao nhan

Bacterial F
chromosome plasmid

Synthesis of complementary strand
begins in recipient cell

Cell pairs stabilized. c i
= s ompletion of DNA transfer
l F plasmid nicked in one strand /l\ and Synthesis, Gells separate

Transfer of one strand from F*cell to Freell Freell
Freell. F plasmid simultaneously

(a)

replicated in F*cell
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