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THE REPLICATION OF DNA IN ESCHERICHIA COLI*

By MATTHEW MESELSON AND FRANKLIN W. STAHL

GATES AND CRELLIN LABORATORIES OF CHEM]STKY,f AND NORMAN W. CHURCH LABORATORY OF
CHEMICAL BIOLOGY, CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA, CALIFORNIA

L1

Communicated by Mazx Delbrick, May 14, 19568 /
Introduction.—Studies of bacterial transformation and bacteriaphage infection!—# Hybrid
strongly indicate that deoxyribonucleic acid (DNA) can carry and transmit heredi- «
tary information and can direct its own replication. Hypotheses for the mechanism 15 4 .
of DNA replication differ in the predictions they make concerning the distribution ( N/! N) Second'generatlon DNAs

among progeny molecules of atoms derived from parental molecules.® 2012 e son ExduicBiiar Inc.

PNAS, 1958 , 44 (7) :671-682 19
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Possibility 1: Unidirectional Replication Possibility 2: Bi-directional Replication
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5’ 3’ 5' 3’ 5! 3 5’ 3’ 5
C G cC G —-C G C G 3' — 5’ exonuclease cC G
T A T A -T A T A activity of DNA T A
polymerase removes
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Elizabeth H. Carol W. Greider Jack W. Szostak
Blackburn

Prize share: 1/3 Prize share: 1/3
Prize share: 1/3

For the discovery of how chromosomes are
protected by telomeres and the enzyme telomerase.
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THEINTERNATII]NALWEEKLYJUIJH'N&LD'FS[:IENBE ANATIONAL WEEKIY JOURNALOF SCIENGE. q’*ﬁ[ﬁkﬂ" EgggﬁIE

CHEMISTRY

Gl The Nobel Prize in Chemistry 1993 was

Prof. Extavour of U of WLMac

*  PAGE 56 r— .?
00%80 £ ‘j?)“oIH

awarded "for contributions to the
developments of methods within DNA-
based chemistry" jointly with one half to
Kary B. Mullis "for his invention of the
polymerase chain reaction (PCR) method"
and with one half to Michael Smith "for his
fundamental contributions to the
establishment of oligonucleotide-based,
site-directed mutagenesis and its
development for protein studies”

BIOCHEMISTRY 0 \ _ &
a_ NEWLAWOOC Of o
| OF SCIENCEOEE - -
rrrrr of by Dr. Cindy Law o&

19934F, Kary Mullis3k 1B DU/RILF X
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演示者
演示文稿备注
Garrod正确推测出了先天性代谢缺陷是由于一个酶的失常造成的。他第一个提出基因和酶之间的关系，认为基因是通过控制酶和其他蛋白质合成来控制细胞代谢的，一个基因的缺陷引起一种酶的变化，从而产生一种遗传性状。
第一个将人类机能失调与孟德尔遗传定律联系起来的人
但是他的工作和孟德尔的发现一样被埋没了许多年，直到1941年Beadle和Tatum也提出一基因一酶。


—EE—EERix
NH,
Hydrolysis of B .

CH,CHCOOH EEA R
dietary proteins
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' EEINAER R

NH,

|
CH,CHCOOH BNER

Homogent|5|c :‘: Alkaptonuria R S s AL

S

acid oxidase

Sir Archibald Edward Garrod
(1857-1936)

|
CH,CCH,COOH + HOOCHC=CHCOOH
2B l SEHERR

1902 £, 7EX BRI PR HE RAIES () o {H 5
FIEXR, — MERREIGS E—MEsIEl, M 2
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Garrod正确推测出了先天性代谢缺陷是由于一个酶的失常造成的。他第一个提出基因和酶之间的关系，认为基因是通过控制酶和其他蛋白质合成来控制细胞代谢的，一个基因的缺陷引起一种酶的变化，从而产生一种遗传性状。
第一个将人类机能失调与孟德尔遗传定律联系起来的人
但是他的工作和孟德尔的发现一样被埋没了许多年，直到1941年Beadle和Tatum也提出一基因一酶。


BeadlefiTatum#|
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] Bk T 52T {4
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XE L]

gene one enzymetfi 2, FTOUERR T E

Ue&re Beadle L-:lwar::l Tatum 1958 3k 1% DI/RI

GENETIC CON TROL OF BIOCHEMICAL REACTIONS IN
NEUROSPORA*

By G. W. BEADLE AND E. L. TATUM

B1oLoGICAL DEPARTMENT, STANFORD UNIVERSITY

Communicated October 8, 1941 PNAS, 1941 ’ 27(1 1) 499-506.
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将“酶”改成“多肽”就更合适了


' ERSHESIHRF

ZHIRIEE .
EERREMKNR/MEEYIRENM EEY )
HERRTHEAL (4—2)
EERERBN zezrmrssa ?@“ﬁ@tmhw
M;“""“Nﬂw
REALLY? ““”"”}

w" P00,

47



' 1940 0liverg X #uE T EE N EHIMNSRK
RiaXRed LlozengelU =B8RI RIEFUER: [/

Iz 12 s
— e T vk
BEFEREFED /7
RAARY 0.2%Ef A= Al

Oliveri\ A X &M 4 R EEN =S BHRTEX
MRAZE T RZHIER.

48



'?a?iiEﬂﬂfﬂ!Elg?Ei'M, Oliverf i Z B ERH AT 18

* LI : #RIC T Jozengel il R A [ X i i
RS R (MIBRFRIZSEL) ’
o HERM: MR JozengellEMEE — o —
ik, NURFCERREEE, | —— 1 |
e
« R HERRAXREEEME l
iElZ**E,J [ X I+ y 1

« WBA: /ZRBHNTEERTE
12F0 1 2T B Z B & T Tk 40




OliverX—H At TEE—RiHFAEEHAZEH &
—rrH s L, EEERATSE, EERE
BERT M EH S SIS




B sumemesn e

B = LH NI AT EIE MR E AR e B E R 2 E] R &R

#EiZ E4#LE (complementation test) AIHARE
AR]—FREWN AR 2 FMNERIEFAR.

51



« The word ‘cistron’ was coined in 1956 by Seymour
Benzer at a time when molecular genetics was still in its
infancy. He used the term to identify a segment of a
genome that is responsible for a single genetic

‘function’ , as determined by the cis-trans
complementation test.

2 fRF (cistron) 1IEmWIB—FSIENIDNARS, 2@
S E#MIIEFIEXRN—MEIERLL (21P223)

X y
» liz0: TR REAL ST R—RE L + +
X +

« R: AT REURNTFARRBE —TT
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' B #M5E X FR AN 105 (cis-trans test) (P225).
HiMERN R MERT R B R4 ERbE, RIMEFER.

x y ® ok
RAZ R A AEF [ N N | C 1 |
— Jii + 4+ +
Wi 1A — H
~—A—>'<—B—> | By 5 %ﬁfgiﬂ «—f —>'«— B —>
x y  |mam | mam| = -
SRAR AR [ X L] 4 - T
= + + + b
YAy 1 T m I
«— /4 —>'«— B —> e A—>'«—B—=

AB: ABHARRAMIRET; x,y A BT ETALE .



' {51140 : 1953 Benzer experiment on rll locus of Bacteriophage T4
o TAREAZURL colFRMIEERET4 DNAR AXIEHI TSR,
® //IXF300021MREZHMAR, BERHERERE,

E. coli B E. coli K(\)

T4 U 5 4 ol _— @ e
NIURCE:
T4 W ¥ P rll Q G Q

0 XERLEOENETRE—TER?

® i i B 4H 56 A0 B A0SR AT AR IX — 8] RE .

54



Recombinants of two rII mutants of T4.

rll mutant1 h rH mutant 2
E cm’rB
alla /
Progen
rll ge yrII Double Wild
mutant l mutant mutant type
1 2 1,2 rt

Parental types ‘5{ Y 9§ 9 9 9 9 9|F P ? ? Recombinant types

Samples of progeny phages F Samples of progeny phages
plated on lawn of B plated on lawn of K12(%)
E. coli B

All four Qﬂ_ - F o, cells 8 — Only r+ recombinant
phage types Q phage can grow in
can grow in C _) K _D \\ \-—/ E. coli K12(1)
E.coli B
Incubation at 37°C:
‘ — formation of plaques '
- ® R

Plaques of the three rII o = Plaques of B

phage types and of - e r phage -

the r* phage type _ .
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O =it I

formation of plaques

Plaques of the three rIl e - Plaques of
phage types and of el r* phage
the r* phage type -
b pifde Thb e o
2 x (r WERILED) _2 X fE E. coliK(A) e’k KR AIERIEET 000
oI TR BN {E E. coliB [ Hg H: 1< 1Y Wt [ T %4

o rIIXANRBHALNR/NELFEF0.02%, B10.024EEEBAL
. T4H9EFEE X1 500 mu, EEHE1.65x105bp

g raY

K 11£0.029mu (BlI—1MEAF) AE=T2.2 bp

. W EATF AN BIAAE N T — M B
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AERZEZERBEEHRFZNGERMIERF (cistron), EE—1EEKEL
HIEH,

Benzer25F—15IAN\ "SFERA" BISRIA.

MAEEZR ST, KEPoIHEERFIR FF: S2RETIRERMA, KER
I, BHEHPN, BEAIRANEEEENEN, BeEmEXERIERS] (1
Z55) NIERFRIEREY (REF) .

EEZEYFH, BE—NERTEAMRNAR RIE—X ZRiE, RARINRT;

MmAERZEYF, — P mMRNAZ TS 1SR, XL ZE NAIDNAR
WAL TFR—43%FEMA, ZRAR—ESMER, MZIHRT.
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¥ 2mnrism

« 19774F, RobertsfiSharpEIFfLARHEMRNARRST SRHZDNA
#3Z, EMmRNAFFIHIERBERR, MAETHERE (split gene)
« 19784F, Gilberti¥XLdwiEFHIFAERBFIIGFRZAINET (exon)

MAEZF (intron)
BEREZIAS R ZHFE

19934, RobertsfiSharpEi
& IR EFE IR SIE DUREK,
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Richard J. Roberts Phillip A. Sharp
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(A)  human chromosome 22 in its mitotic conformation, composed of two
double-stranded DNA molecules, each 48 x 10° nucleotide pairs long

heterochromatin

x10

lr 10% of chromosome arm ~40 genes

poauimoM [ 18] §ptd 8 | |l &mN ||l §mil
L

x10

1% of chromosome arm containing 4 genes

KA1 (O _ L 1 I N

x10
one gene of 3.4 x 10% nucleotide pairs
7 a4 - | | | N | | | | B N |
KA (D) = = a ¥ : i " N (O
l | ; ;
regulatory DNA N iateen l gene expression

sequences

protein

:

5, folded protein

The organization of genes on a human chromosome
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« BEF (promoter) : ERES' imLiftFyl, ERNARSHESFIEMIERE
FIRBIHE ST AIERE SYIRIERL,
» 1838+ (enhancer) : FLUSEENFAIHERIEAHE, NMBERESEE
HRUEN—ERDNARY, EBFIERETH.
IR AU R
> IR
> TR
> T FIERSRE
> UV
o JIBAF (silencer) : SiZEAUERAERAIIDNARY, BTLEETH.
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Transcription
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=100 -80 +1
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Enhancer + Activator Protein

DNA loop
(up to 100 kb)

Promoter-proximal
elements

Architectural
(DNA-bending)
proteins

DNA loop
> (up to 100 kb)

Promoter-proximal
elements

——
=
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= —— o
T ————

Architectural
(DNA-bending)
proteins
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BIEF (terminator) : TEGERISFEF

TGCG CCGAT TTTT D“‘"’Lt“:gh
Her
ACGC GGCTA AAAA oeats
Transcription of

one strand

Fold 1o form

sacondary structure

Stem-loop in ANA
immediately upsitream
from a run of uracils
leads to termination
ol transcription

complementary

BT PR F RV R L4551
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s+ (insulator) SEERSI (barrier sequence)

BTN, e - S
T @ A - A~

barrier
. | sequence
A‘ ~- /\ ‘
m . B N 000000 |
gene A cis-regulatory gene B heterochromatin
sequence
insulator insulator
element element

|_ domain of actively

transcribed chromatin
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IFAADNA B &R
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Regulatory sequence Regulatory sequence
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/silencer Promoter 5'UTR Open reading frame /silencer
L] Y —

Proximal Core Start

DNA ] ----] [ [ T

Transcription

Exon

Exon
== ntron™™ Intron l

Protein coding region

[ ) | [ [

MRNA  post-transcription
modification

Translation

Protein

75




' 9.5.1 583 | DNASIEIRIERN A ABSHER FAFRNALITE

E Polymerase

= movement

RNA POLYMERASE e

Rewinding Unwinding
of DNA of DNA
Nucleotide being added
to the 3’ end of the RNA
b4
i RNA b8 -
N

e+ RNATSES4iEE 5
*  DNAH 1] i i g T7E
RNAREFRREE RNAH 4 B R I 15 U
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BAREMREXHRNAZZRIF:

{6ERNA (messenger RNA, mRNA)

Z£3ERNA (transfer RNA, tRNA)
ZBEAERNA (ribosomal RNA, rRNA)

¥/\RNA (small nuclear RNA, snRNA) - 5#ZRA8
XEBHES/AsnNRNP, S5RAEFRIEE].
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RNA polymerase | Nucleolus rRNA (except 5S rRNA) 50-70%

RNA polymerase Il Necleoplasm MRNA and most snRNA 20-40%

RNA polymerase Il Necleoplasm tRNA, 5S rRNA, and other snRNA 10%
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/

Poly-A signal

Enhancer Proximal
(distal control elements)  control elements

sequence

Termination

region
2 /\ Exon Intron Exon Intron Exon|
DNA v/ —— i —— =]
Upstream ey Downstream
P Promoter l Transcription
Primary RNA Exon Intron Exon Intron Exon o~y o443 end
I transcript 5 of primary
I r [
0 5 ,vU‘I]E RNA processing transcript
! Intron RNA Poly-A
m3 R o sighal
— Coding segment
B EFEREW o Colinsament .
PO AR
‘el s =St StopT e
m i fRNE 5Cap 5UTR codon coden 3 UTR Poly-A
tail
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' RiEF (reverse transcription)

« LARNAAIEHRE R DNARERE, EEUEIRNARIDNAR ST

Hireverse transcriptase
s XERIPERREEREEBNE I
Q1: AURFRHE—RISEREER?
Q2: MABRIE—ERAN S B RBFTIHNEZEYIDNA?
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- DNAZJEH[R: DNASRNAFRAFMBEER, BEEEAERRFH20MENRERR?

« 19545, GamowizH =BXM{AZERBRIELE

« 19614, M. NirenbergR|BLMEAIVUURFIFERARBERINZSIE (B—NEEER)
» 19625, OchoafFBFHHIEAIAAARSF=EHEBRERAYZ K
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Robert W. Holley
1922-1993
Discovered the transfer
RNA — tRNA.

Har Gobind Khorana
1922-2011
Created new methods to
produce synthetic nucleic acids.

Marshall W. Nirenberg
1927-2010
Deciphered the first
genetic code.
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o« ZRSFRYEFHME

ENEACRS

IR T
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T O T

BT

BEEYIRIRIEER 7 AUG

[RIZEYIRIEIREREF: AUG,GUG

( J ( J ( J
First letter

ZIKEN IR R R IREER AT LA A R EREE X AL, BiaUiNEEl

Second letter

u | [ [ A [ e
U 1. ucu uau } LIGLI}
uuc [ Phe || ucc I Tyr uGec | Cys
UUA | UCA UAA STOP || UGA sTOP
vug | Lev || uce UAG STOP || UGG Trp
cCuu ccu CAU '_ His CGU |
cuc cce CAC CGC
cua [" || cca[P® || can] caa [ A9
cuG | cCG cag [ S || ceg)
AUU ACU AAU | AGU |
AUC } lle ACC AAC [ Asn || agc [ Ser
Al ACA t Thr AAA AGA 1
AUG Met || ACG AAG } Lys || agg | A9
GUU GCU GAU } GGT )
Guc | ... || 8ccl . || sacs AP || sec|
GUA GCA GM} gaal =Y
GUG GCG GaG | Glu GGG

%

[oe»o0c][e>»oc | [oa>»0c|[oxoc |

Jaya] pdiyL

fRFRIREER.

Key:

Ala = Alanine (A)
Arg = Arginine (R)
Asn = Asparaging (N)
Asp = Aspanate (D)
Cys = Cysteine (C)
Gin = Glutamine (Q)
Glu = Glutamate (E)
Gly = Glycine (G)
His = Histidine (H)
lle = Isoleucine (1)
Leu = Leucing (L)
Lys = Lysine (K)
Met = Methionine (M)
Phe = Phenylalanine (F)
Pro = Proline (P)

Ser = Sering (3)

Thr = Threonine (T)
Trp = Tryptophan (W)
Tyr = Tyrosine (¥)

Val = Valine (V)
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mRNA
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Nucleus

Transcription
and processing

——Cytoplasm

mRNA
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Prokaryotic 70S ribosome

R

D

———

Eukaryotic 80S ribosome

=

=/NI=Y

<

23S and
55 rENAs

28§, 5.8S,
and 55 rRNAs

188 rRNA

THE CELL, Fowrth Eovtion, Figure 8.4 [Parf 1] © 2008 A58 P il Bl Ansce iabai |
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演示文稿备注
S是 Svedberg这个单位的缩写，以瑞典化学家Theodor Svedberg命名，是离心时的沉降系数。


BZEYIrRNARIN IS

Nontranscribed spacer Transcription unit
4 e N

(a) Tandem array of DNA - .
transcription units // Transcribed S

o spacer L

// h ~

(b) One DNA 18s || |ses]]  28s

transcription

Transcription by
RNA polymerase |

(c) Pre-rRNA (45S) - -.

RNA processing

(cleavage) Transcribed spacers
degraded
(d) Mature rBRNA _
s L] ]
188 5.8S 28S
rBNA rRNA rRNA

© 2012 Pearson Edueatian, Inc.
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ZFESFItRNA T{EIRSS

B R MR
,//f”f’ % 147 81

3!
tRNA from the
cytosol, carrying

amino acids. JERL s T

/

. Anticodon
tRNA released CGLY '
after amino 7 Growing
acid removed polypeptide "
chain {RNA . E *;l.
The translation process incorporates 20 different amino acids
in the precise sequence dictated by the three-base codons Amino /
built from and alphabet of four bases. The processin the ribosome ~ 2dd G

builds the polypeptide chains tha will become proteins.
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9.5.5 EHR S HFRYHIE

_ Attached amino acid 9
SRR IR 7 Pl
C
/ B'end £ stem
O ﬁ%'tRNA éﬁﬁ@:{%{iﬁ E E’ é:él:é D loop A 1 g
BEEAORNA | “ \ma
CUGUG
N3

0 BRFREBEZ AN \

© CSLS/The University of Tokyo
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= ~ i\ = H L 4 N\
D %m _tRNA é}izﬁ'{%ﬁ'_'ﬁgiégé Attached amino acid Q
ZIFERY tRNA & (Phe) g o
.

o ZEE-tRNA SEERBIFERItRNA FHi5
IFrRaERES FX, B/REE

. BB R ET RS EE, gggﬁw N
R AR E RIS g itace, (&Y
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RNA BiRL
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SLHERDT (BRIERNEE) ANEITEL tRNA H553
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F tRNA  ( suppressor tRNA )
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Protein splicing
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b Protein
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Transcription l
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The intein-mediated purification with
affinity chitin-binding tag (IMPACT)
system is commercially available from
New England Biolabs
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Inducible ‘
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Ruan（软）病毒
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Prions - a new biological
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