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	1. 分子生物学（molecular biology)
分子生物学（molecular biology)是从分子
水平研究生物大分子的结构与功能从而阐明生命
现象本质的科学。
主要研究领域包括蛋白质体系、蛋白质-核
酸体系  （中心是分子遗传学)和蛋白质-脂质体
系（即生物膜）。
1953年沃森、克里克提出DNA分子的双螺旋
结构模型是分子生物学诞生的标志。
 


	2. Molecular Biology
前言
基因和基因组
DNA复制
转录
森译
Undergraduate
第六章 基因表达的调控  m
第七章 突交与修发
第八章 痛症的分子生物学
第九章 转座子
第十章 基因操作和基因组分析
Graduate
第十一章 细电核的分子生物学 毗
第十二章 基因表达调控的分子机制
第十三章 疾病产生的分子基础
第十四章 基因轸断和基因治疗
章
章
章
章
章
一
二
二
一
四
五
第
第
第
第
第
 


	3. 分子生物学 II
(涂晓明)
第一章 Regulation  of Gene Expression
第二章 Genetics of Cancer
第三章 Mutation and Repair
第四章 Transposable Elements
（宋晓元）
第五章 Gene Manipulation & Genomic Analysis
《Essential iGenetics》，Peter J Russell The Benjamin/Cummings
Publishing Company, Inc
《Genetics》，5th ed.，Peter J Russell The Benjamin/Cummings
Publishing Company, Inc
 



	5. Why is Regulation  necessary
• Not all genes are expressed continuously:
the level of gene expression differ according to--
cell types, stages of cell cycle
• Organisms live in changing environments
• Regulation allows organisms to grow and
reproduce optimally in different
environments
 


	6. Are all genes’  activity regulated?
• The housekeeping genes (constitutive
genes)
genes that are essential for normal cell
function and are constitutionally expressed.
• The regulated genes
Their activity is controlled in response to
the needs of a cell or organism
• Distinction between regulated and
constitutive genes is somewhat arbitrary
 


	7. Regulation of Gene  Expression
SUMMARY TABLE 18J Regulating Gene Expression in Bacteria and Eukaryotes
Levelof RegubHon Bacteria Eukaryotes
ChromatEfi remodeling •Limitedpac ngof DNA
* Remodelingnot a major issue in reguE^ting gone
expression.
• Exten&ive packaging of ONA
• Chroinatin must b电 opened for transcription 10 begin.
Transcrjpiioti
* Positive Md n型We control b*骂世肌Qty prottin&
that act at sites close to the promoter
•Sigma Interacts with^moter.
・ and口咫却彼 controlby regulatory protons that
actatiites日口鸵 to and far from promoter
Large basaltranscription complex interacts with
promoter
.Medi<itorcamplex required.
RHAprocHtihg •None dotumented •Extensive pracessingj
aiternaiive spHBrtg of introns
addition of 5' cap arid 3' Mil
mRNAstibility •Some RUA ^tcrterencedocumented •For many genes,RNA trtefference limits lite span or
TranslatSon -t%
Translation 舱仙玳0呼 proteins bind to eRNAs and/oiribosome
andaffect tririslatIon rate.
•R呻⑶ory proicins 恨nd to rnRNAs jnd/or ribosofne
and atfefttr^nshtfon rate,
Post-transtationaE
modification
* Folding by chap^mne proteins
•Chemical modification Mg” phosphoMation) may
change MtiWty.
・Folding by chaperone protons
• Chemical modlflcatton iglycasylarlon, pho仙口中adM
Ubiqulna(ion 3萨％pr口Leins for destruction by
prm密5om&
 


	8. Regulation of Gene
Expression  in Prokaryotes
Operons: Fine Control of
Prokaryotic Transcription
 


	9. Eukaryotes
- hormone level
-  developmental stage
需要灵活性
也需要很经济
Prokaryotes
- nutritional status
- envi「onme口
3
Selective repression and activation mechanisms must fulfill two criteria:
>They must have the abifity toreversibiyturn on or switch off transcription of each
specific g^ne or group of genes.
>They must be rssponTive to environEgntal conditions in which transcription of the
relevant genefd should be activatedor repressed.
 


	10. The most direct  control point
• At the level of transcription:
Regulate by changing sets of
genes’ expression level in
response to environment
alteration
Efficiency and economics
 


	11. • Operons: Fine  Control of Prokaryotic
Transcription
• The genes, the operator, and the promoter
constitute an operon
• The genes are adjacent to each other and are
transcribed into a polygenic (polycistronic)
mRNA
 


	12. Operon
. A cluster  of genes, their expression are
coordinately regulated by operator（or promoter）
/regulator protein interactions
• lac operon
• trp operon
Negative control– repressor
Positive control– activator
Negative and positive regulation are
not-mutually exclusive
 


	13. Lactose metabolism and  the operon
Jacob, Monod and Lwoff
 


	14. What led to  the study of operon regulation
• when cultures of E. coli were grown in mixtures of two
different sugars. Depending on the particular sugars involved,
the resulting growth curve showed either continuous or
biphasic growth:
No diauxie Diauxie
Glucose Galactose
Mannose Arabinose
Fructose Xylose
Mannitol Rhamnose
Sorbitol
Dulcitol
Maltose
Lactose
Fi&.L Growth af E曲mN曲口审 in Ihp pr内
fom af different wbohydrale pairs serving 酌
ihe only source erf t^rbon in 廿 qynlJhe血 medium11.
 


	15. Biphasic growth (Diauxie)
二级生长（二次生长）。微生物
在含有两种糖类的培养液中生长，
形成双相生长曲线口  即在生长过
程中呈现的一度生长停顿的现象。
这是由于两种糖中第1种糖是结构
醉催化利用的，第2种糖是由诱导
醛催化利用的。微生物生长时先
利用结构酶催化的糖类，并抑制
利用第2种糖的诱导酶产生。只有
当第1种糖用完后，第2种糖才能
诱导产生诱导酶而利用第2种糖。
 


	16. They wanted to  know:
• How bacteria know that lactose is present in
the growth medium?
• What role the inducer plays in enzyme
synthesis?
• How do the cells respond so rapidly to the
presence of a new sugar?
 


	17. Bacterium’s adaptation to  utilizing
different nutrients
• Glucose is the main source of carbon
• Enzymes required for glucose metabolism are coded
by constitutive genes
• In the absence of Glu and presence of other carbon
sources such as lactose, the genes for utilizing these
substance are ‘turned on”.
• The related genes are : inducible (regulated genes)
• The alternate substance : inducer
• the effectors that turn off these genes: repressor
 


	18. The general structure  of a
inducible gene
 


	19. Prokaryotic transcription
RNA polymerase
na  Iranscrlplkcn
]— 1r
! 工
i坤
mi
b羽油 lev&
of (ranscrtptian
论叩川印原aus
|窜3motHoitiMi
leading to
-国专 Hv4M看d I国博I
ol trimvcrlpijon
Promoter- recruit RNA Polymerase
Operator sites- bind activators/ repressors
acuviaiia 呻
bME碰日
许茜
>-10 Element
A -35 Element
A Extended -10 Element
A UP element
 


	20. lac mRNA is  polycistronic
Polycistronic mRNA: several genes are
transcribed into one mRNA.
To ensure: gene products required for the
same event are produced equally.
lac polycistronic mRNA contains Z、Y、A
genes
 


	21. Organization of the  lac operon
lac operon
I
Promoter Promoter (PfflC+) Operator Trans-
3-Galactosidase gens Permeasa acetylase
上4+ lacA^
Terminator
Base pairs 1254
Three genes:
galactosidase〈lac力
galactoside permease (/acD
galactoside transacetylase (lacA)
E. colt
chromosome
segment
Structural genes Terminator
 


	22. -galactosidase function in  two ways
• two enzymes are
required for
lactose
metabolism:
-galactosidase
lactose permease
C-source
Inducer
EroJimembrane
HQ
Ifio
Gluwse
{rnaiaboliz^d
viagl惟lytic
pathway
Pwwagepoteir^
Itwspdrtlactosefrom
mMiurninfoEMil
Growth
m&dLrn
with
itetoM
Gal如潮
心limitedinto
gluco鸣 which
is maiabdizad
inglyeoMic
pathway)
Allolactosei
(induce
H^lactosidfise
所Ih的in
£ Miin
lector growth
mediuml
Three genes:
galactosidase {lac2)
galactoside permease
galactoside transacetylase (lacA)
 


	23. lac operon controlling  region
Stert gdon
Protected by
rapressoir
Promoter
CAP site Oparator
RNA polymerase
entry site
PpEQter gngnsu春
Shiiie-Dalgarno
、sequence-^
出...M«TT6WTT**fT*C*CTCM 岭r“TCCsSWWT C4MU仲 弥应时AT
“岫牯口依1“皤*妙咖计"坨1MMQgT«TCCrT伸TOUT贴 T«TT
s I I I 1 I 卜 I I I t H卅+ 十 + I I I
DNA -84 -W -70 -60 -50 -40 -30 -20 -10 +1 +10 +20 +30 +4Q
sequence 1
1
CAP binding site
consensua sequence
matches
 


	24. Negative regulation of  the
lac operon
• lac I gene encodes lac repressor
• The repressor is an allosteric protein
• Inducer: allolactose, IPTG
• Repressor is leaky and a low basal level
of the lac operon products is always
present.
• Only about 10 tetramers of repressor are
present per cell.
 


	25. The lac operon  repression
model
In the absence of lac
Permease
lac mgulatery gen* ior operon
Represaor proteins
Rgpreasor proteins attach to operator
and prmnt transcription of mRNA.
RNA polyrmrAsa can bind to promoter
when repressor is bound to operator,
but cannot initiate transcription.
Repressor f」
_
Ribosomes/，
尸
Tran&lBtwn
Promoter Term nator
Promoter
Constitutive
transcription
EcoFi
chromo幽me
se^nent
Operator
p-Galactosidase gene
J
Structural genes
not expressed
 


	26. In the presence  of lactose
The true inducer is allolactose
 


	27. Experimental evidence for  the
regulation of lac genes
 


	28. Mutation in the  Protein-Coding
Genes: polar effect on a polygenic mRNA
• LacZ, LacY and Lac A mutation to map their
location
• Missense mutation
• Nonsense mutation
 


	29. Mutation in the  Protein-Coding
Genes: polar effect on a polygenic mRNA
a) wild type
Tranetatkm;
Rlgwgl
subunits
dfosoclato
Ribownw
to lacA*
Ribgonw
BlUntolacV
gbegin bwtdiMing
9*galBctoaldMe
prodUMd
mRNA
Nonmm
mutatfon
b) hcZ- nonsense mutant
Ml off mRNA
Inccoiptete ppalactoaHaM
protein reteawd;
I
No rlboftoiMfl
rwch hero, Bom
tran^acttylaMproduMd
 


	30. Mutation in the  Protein-Coding
Genes: polar effect on a polygenic mRNA
• In sum, nonsense mutations in the cluster of
three genes involved in lactose utilization
have different effects, depending on where
they are located within the cluster: The
nonsense mutations are said to exhibit polar
effects, and the phenomenon is called
polarity. (nonsense mutations that show
polar effects therefore are called polar
mutation)
 


	31. Mutation affecting the  Regulation of
Gene Expression
Constitutive Mutation: Mutation that cause its downstream genes
constitutively expressed with or without inducer
Two groups of constitutive mutations:
Operator Mutation------mapped to a small region near lacZ(lacO)
LacI Gene Regulatory Mutation------mapped to a DNA region a small
distance away (lacI)--repressor gene
 


	32. lacOc
•h
Oc operator
Operon is  transcribed
and translated
Active repressor
cannot bind to
Ocmutant operator
Figure 10.7
Operator mutations
are constitutive
because the operator
is unable to bind
repressor protein;
this allows RNA
polymerase to have
unrestrained access
to the promoter. The
0cmutations are c/s-
acting, because they
affect only the
contiguous set of
structural genes.
 


	33. lacI-
lad gene synthesizes
defective  repressor that
does not bind to DNA
Figure 10.8
Mutations that
inactivate the lad
gene cause the
operon to be
constitutively
expressed,
because the
mutant repressor
protein cannot
bind to the
operator.
Operon is transcribed
and translated
 


	34. The Operator Mutations
•  Partial diploid: F’lacO+ lacZ- lacY+
lacOc lacZ+ lacY-
• F’strains in which a few chromosomal genes on
an extrachromosomal genetic element called F
factor are introduced into a bacterial cell
• Test for gene products both in the presence and
the absence of inducer allolactose
• in the absence of inducer: -galactosidase
• in the presence of inducer: -gal and permease
- Missense mutation + Wild type (WT)
 


	35. • Partial diploid:  F’lacO+ lacZ- lacY+
lacOc lacZ+ lacY-
• The phenomenon that a gene or DNA sequence
only controlling structure genes on the same,
contiguous piece of DNA is called cis-dominance
• generally speaking, a cis-dominant element has no
diffusible gene product (protein)
• lacO+ /lacOc on different chromosomes do not
interfere. And has no position effect
What is cis-dominance?
 


	36. lacI gene mutations
•  Partial diploid: lacI+lacO+lacZ-lacY+
lacI-lacO+lacZ+lacY-
• Test for structural gene expression in the presence
and the absence of inducer
• In the absence of inducer: no -gal and permease
• in the presence of inducer: both proteins were made
• The lacI+ gene can overcome lacI- defect. Even when
they are located on different chromosomes
 


	37. What is trans-dominance?
•  Partial diploid: lacI+lacO+lacZ-lacY+
lacI-lacO+lacZ+lacY-
• A gene or DNA sequence that can control
genes on different, noncontiguous piece of
DNA
• A trans-dominant element must produce a
diffusible gene product ( protein)
• In one system, a lacI+ gene can over come
any lacI- gene defect.
 


	38. lac promoter mutations:
Cis-dominant
•  Promoter mutations (Plac-): affect all
three structural genes (none or few),
even with inducer present
• Plac- only control genes that are on the
same DNA strand---- Cis-dominant
 


	39. Organization of the  lac operon
lac operon
I
Promoter Promoter (PfflC+) Operator Trans-
3-Galactosidase gens Permeasa acetylase
上4+ lacA^
Terminator
Base pairs 1254
Three genes:
galactosidase〈lac力
galactoside permease (/acD
galactoside transacetylase (lacA)
E. colt
chromosome
segment
Structural genes Terminator
 


	40. The lac operon  repression model
In the absence of lac
Permease
lac mgulatery gen* ior operon
Represaor proteins
Rgpreasor proteins attach to operator
and prmnt transcription of mRNA.
RNA polyrmrAsa can bind to promoter
when repressor is bound to operator,
but cannot initiate transcription.
Repressor f」
_
Ribosomes/，
尸
Tran&lBtwn
Promoter Term nator
Promoter
Constitutive
transcription
EcoFi
chromo幽me
se^nent
Operator
p-Galactosidase gene
J
Structural genes
not expressed
 


	41. The repressor protein
•  The repressor protein is a
tetramer,
• repressor is an allosteric protein,
with two domains:
a DNA binding domain
an inducer binding domain
Inducer binding structural
change at DNA binding domain
lose its DNA binding ability
transcription repression
relieved. Tetramerization
region
—
Two operator DNA
sequences bound
 


	42. The repressor protein
•  tetramer
• an allosteric protein with two domains:
a DNA bindingdomain, an inducer binding domain
Inducer binding 今 structural change at DNA binding domain 今
lose its DNA binding ability 今 transcription repression relieved
Linker
Regulatory
domain '
domain
Tetramerizalion region
 


	43. In the presence  of lactose
The true inducer is allolactose
 


	44. Effect of Mutations
  


	45. Operator mutations
LacOcmutation: operator  DNA sequence
mutates and could not be recognized by
the repressor,
its downstream genes constitutively
expressed with or without inducer
 


	46. Effect of lacOc  mutation
Partial diploid in the absence of inducer
No
expression
Constitutive
expression
- Missense mutation + Wild type (WT)
Pr^alKto&ldsw
C
Constitutive
defective
permraw
，疆理电
trarBsacetylsiMi
Mutant Normal
No transcription segment
Normal Mutant
F* segment
Transcription
and translation
"n^necApti。。
«nd translation
Transcription
and translation
7Repressor
binds
Repreuor
cannot bind
 


	47. Effect of lacOc  mutation
•Partial diploid in the presence of inducer
Inducible
expression
constitutive
expression
OB弹 G
ConMtutig
treriwcetyioM1
6®09
CoztitutNe
defective
p^rmefig
C^nstitytive
p-galMtoeldaie
Normal
Normal
F
，
segment
Transcription
Md translation
加not bind
船物**
Defective
galactosidase
1
Repressor
cwinot Nfid
Trandcriptiofi
if And translation
E- coli
chromosoiTW
segment
iranMriptiai
and translation
Transcription
and translation
Inducer
制
1加0u>99)
f
 


	48. Effect of lacI  gene mutation
Mutant repressor could not bind to operator
haploid
constitutive
expression
，疆 虏电
Constitutive
tr&nascstylsae
Constitutive
permease
Constitutive
B-galactosida&e
Mgsw 岫仙酗
Ecoli
册EEMrtM
IVanscription segment
and1r自n春!ation
Ttan&cription
and translation
Mutant (inactive)
repressor ungt
bind to operator
in presence or absence of Inducer)
lac openon
0
 


	49. Effect of lacI  gene mutation
In the absence of inducer
Partial diploid
lacI+ dominant of lacI-
 


	50. Effect of lacI  gene mutation
Inducible
expression
Inducible
expression
Partial diploid In the presence of inducer
permene
lac operon
Ihinftcription
and tranalflUon
E M比
L chranoAom*
Moment
Mnaedptlon
and translation
Inducer nMl«cul«a
kuKtfviite ropnuaor
Mutant
F' segment
"RanscrlpHon
M・m<o«Mb&o
霸图算 ，随晦 船
Ptrm«M« TEAMCvtyhsv
Mutant
Ttw峙crlptian
 


	51. Other class of  lacI mutants (1)
lacIs
(superrepressor):
produce no lac
enzymes with or
without inducer,
is trans-dominant
of lacI+
Explanation: the
superrepressor
protein’s
allolactose
binding domain
malfunction
 


	52. Other class of  lacI mutants (2)
lacI-d (dominance): Functions as lacI- in haploid cell
In lacI-d/ lacI+ diploid, the lacI-d dominates lacI+
Phenotype: constitutive synthesis of enzymes
The repressor of lacI-d mutant: subunits do not
combine properly, no functional repressor forms
What happens in a lacI-d/ lacI+ diploid cell?
 


	53. Dominant negative mutation
•  The defective monomers spoil the
activity of the whole tetramer so it
cannot bind to the operator
• This kind of spoiler mutation is wide-
spread in nature, and it is called by the
genetic name: dominant negative
mutation
 


	54. Other classes of  lacI mutants (3)
• Base pair mutation of the lacI promoter,
can be up or down mutations
• The lacIQ and lacISQ (super & quantity)
mutants produce more repressor than
lacI+, reduces the efficiency of induction
of lac operon. Higher lactose
concentration can overcome these
mutations.
 


	55. Effects of lacI  gene mutations
Repressor mutations
1. lacI-: could not bind to DNA, lacI+ dominant of lacI-
2. lacIs: inducer could not bind to repressor,
supperrepresor dominant of lacI+
3. lacI-d: can not form active repressor, can not bind
operator, dominant negative
4. lacIQ , lacISQ: at lacI promoter mutation, up mutation
 


	56. ' Active repressor  is a Warner jr identity subunitL
• Wtien mtitant and wild-type subunits 十 t? present, a
dngte lad 由
mutant 如bu川t can fnactivite a
tetramer 内卜。$户 othec subunits a，ewild-typ«.
扑神由他修西的海族d 网th后&曲玳呻高时
ahMty Itqufres aU DNA-bhidirig litts 岛 tM
tetMmer to be active.
「％
幅c厂 gene synth«sizas
曲
，献iw® repw$3Qt |hpi
| diM£ nol bind to ONA
Opmg 帽 Iran黜ngd
find Iranslaleci
]
>ww /
小
m 的
』
桩，
d
f^uiartt synlhOSiS
reproswr with
4口岫以A闽 DMA山IW(iq 倒出
One *bad* subunit poisons the
tetramar; cannot bind DNA
norm^ry KDperon 丐 expr^ed
WHd-type lad g«ne
3yHi卜屯5炽中才 normal rwpre?审ar
隘步 concept
Dfrlftctivfi
『
vpEUWgrcftuMts cantiitulivp vicpfeMion N^q/hv。
compipnMniUl^an Iddtillhcb protein rnulllmm
 


	57. Inducer binding
J
%：
Mutations map  the regions of the lad gene
responsible for different functions.
Two operator DNA
sequences bound
Tetramerization
region
—
7
 


	58. Animation 1
  


	59. Positive regulation of  the lac
operon
 


	60. What happens if  lactose and
glucose are both present?
• Will the bacteria use both sugar equally?
• The answer is : No----Catabolite
Repression
• Glucose is preferred
• Lactose is utilized only when glucose is
spent, (Diauxie, double growth)
• Explanation: when lacI repression is
relaxed, it must also need a positive
stimulation for lac mRNA initiation
 


	61. The positive regulator  of lac operon
• The Catabolite Activator
Protein can only bind to the
promoter CAP site when it’s
in complex with cAMP
(cAMP-CAP)
• Its binding allows RNA
polymerase bind to the
promoter of lac operon and
initiates transcription of lac
mRNA
CAP-cAMP
dimer
aNTD
Activator site -10
-35
QQ + •—>
Q(1
CAP (inactive) cAMP CAP-cAMP (active)
[catabolite
activator
protein] 10r operon
^1
lacP CAP site Entry site lacZ* lacY^
 


	62. CAP binding
bends DNA
  


	63. Figure 10-51 Activation  of Transaiption by the CAP
Protein-Cydk AMP Complex Binding of the CAP
protein-cyclic AMP complex fo its DNA bi〃di〃g site causes
DNA to bend, bringing tbe CAP protein close fo RNA poly¬
merase.
 



	65. How to prove  that CAP bind with RNA
polymerase?
• 1. Analytical Ultracentrifugation (AUC): cosediment
• 2. Cross-linking: first bind DNA, then chemically cross-link
• 3. DNAase footprinting: lies adjacent to each other
• 4. deletion of aCTD of RNA polymerase prevents activation
 


	66. How is cAMP  concentration regulated?---
Catabolite Repression
• ATP cAMP + PPi

phosphorylated IIIGlc dephosphorylated IIIGlc
glucose metabolization
The presence of glucose prevents the production of cAMP
Inactive AC Adenylate cyclase( active)
 


	67. The
making
and
breaking of
cAMP
• The  [cAMP] is
strictly regulated
ATP
 



	69. The Lac Operon:
When  Glucose Is Present But Not Lactose
Repressor Promoter LacY LacA
LacZ
Operator
CAP
Binding RNA
Pol.
Repressor
Repressor
Repressor
mRNA
Hey man, I’m
constitutive
Come on,
let me through
No way
Jose!
CAP
 


	70. The Lac Operon:
When  Lactose Is Present But Not Glucose
Repressor Promoter LacY LacA
LacZ
Operator
CAP
Binding
Repressor
Repressor
mRNA
Hey man, I’m
constitutive
CAP
cAMP
L
a
c
Repressor
Repressor
X
This lactose has
bent me
out of shape
CAP
cAMP
CAP
cAMP
Bind to me
Polymerase
RNA
Pol.
RNA
Pol.
Yipee…!
 


	71. The Lac Operon:
When  Neither Lactose Nor Glucose Is Present
Repressor Promoter LacY LacA
LacZ
Operator
CAP
Binding
CAP
cAMP
CAP
cAMP
CAP
cAMP
Bind to me
Polymerase
RNA
Pol.
Repressor
Repressor
mRNA
Hey man, I’m
constitutive
Repressor
STOP
Right there
Polymerase
Alright, I’m off to
the races . . .
Come on, let
me through!
 


	72. What led to  the study of operon regulation
• when cultures of E. coli were grown in mixtures of two
different sugars. Depending on the particular sugars involved,
the resulting growth curve showed either continuous or
biphasic growth:
No diauxie Diauxie
Glucose Galactose
Mannose Arabinose
Fructose Xylose
Mannitol Rhamnose
Sorbitol
Dulcitol
Maltose
Lactose
Fi&.L Growth af E曲mN曲口审 in Ihp pr内
fom af different wbohydrale pairs serving 酌
ihe only source erf t^rbon in 廿 qynlJhe血 medium11.
 


	73. Animation 2
  


	74. Molecular Details of  lac
Operon Regulation
 


	75. Techniques for Protein/DNA
interaction  analysis (1)
Gel mobility shift assay
* A protein/DNA complex
migrates slower than free DNA.
* Proteins of different size
affect migration of the DNA
fragment to different extents—
the larger the protein the
slower the migration.
* Bend DNA moves slower than
straight DNA molecules.
To detect a direct protein-DNA interaction
 


	76. Techniques for Protein/DNA
interaction  analysis (1)
DNA Footprinting
Determine the exact Protein
recognition sequence on DNA
DNase 1 digestion
Recombinant DNA technology
and DNA sequencing
Map the exact nucleotide bases in
contact with the bound protein
-
=
=
=
一
二
=
=
=
=
=
-
=
=
==
=
三
二
=
=
=
三
三
 


	77. Techniques for Protein/DNA
interaction  analysis (1)
More biologicat methods:
In vitro southwestern blotting
yeast one-hybrid
phage display
proximity ligation assay
In vivo: ChIP
HiChIP
ChlP-loop
Biophysical techniques
Fluorescertce resonance energy transfer
(FRET) techniques
FRET-FLIM
circular dichroism
atomic force microscopy
nuclear magi>etic resonance
surface plasmon resonance
 


	78. Organization of the  lac operon
lac operon
I
Promoter Promoter (PfflC+) Operator Trans-
3-Galactosidase gens Permeasa acetylase
上4+ lacA^
Terminator
Base pairs 1254
Three genes:
galactosidase〈lac力
galactoside permease (/acD
galactoside transacetylase (lacA)
E. colt
chromosome
segment
Structural genes Terminator
 


	79. The lacI gene  and promoter
57 end of mRNA pppggaagaga&ucaauucaggguggugaau|Mam^camaacg
Amino acid
sequence of
lac fepressor
sequence for
lac repressor
Translation
initiation
|
Site of W°
mutation
—40 1
30
 


	80. lac operon controlling  region
RNA merase
-54) -30 -10 +40
facoperator-^acrepmsorbinds
『 MGMHAQCTCAC 3
CAP-bindingsite-CAP-cAMPcomplexbinds
$ CACTMATCMGg f
DNA-bncWia
寸
—CGCGTTGDGTTA* TTACACTCUTOGAGTGAX3-7W TCCsG TOGGGTCOOAO TGTGOATftCiaAAGGCOCAGCATACAaCACACCinAACACTCJGCCTATTGTTAAAjG.TfiTGTCCTT TCTCxlA TiCTGG TT
mRNA
| starts
Promotaer corisensus
seciuence matelies
Protected by
repressor
t 巾
"t t
4-10
CAP and Lac Repressor Bind DNA Using a
Common Structural Motif
CAP binding site
consensus sequence
matcthes
DNA -B4 -BO
sequence
R- recognition helix
〃
Shine-Dalgamo
sequence
〕
Start codon
for 加
galactosidase
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