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•蛋白质是生物信息通路上的终产物，一个
活细胞在任何发育阶段都需要数千种不同
的蛋白质。

•活细胞内时刻进行着各种蛋白质的合成、
修饰、运转和降解反应。



• 翻译是指将mRNAmRNAmRNAmRNA链上的核苷酸从一个特
定的起始位点开始，按每3333个核苷酸代表
一个氨基酸的原则，依次合成一条多肽链
的过程。



蛋白质的生物合成

• 场所：核糖体；

• 模板：mRNAmRNAmRNAmRNA；

• 转移RNA(tRNARNA(tRNARNA(tRNARNA(tRNA))))是模板与氨基酸之间的接合
体。

• 蛋白质合成需要多种蛋白质、酶和其他生物大
分子的参与((((50% of the cell’s dry weight))))。

• 蛋白质合成是一个需能反应((((80-90% of the 
cell’s energy)。



                                                遗传密码————————三联子

贮存在DNADNADNADNA上的遗传信息通过mRNAmRNAmRNAmRNA传递
到蛋白质上，mRNAmRNAmRNAmRNA与蛋白质之间的联系
是通过遗传密码的破译来实现的。

            遗传密码：

            mRNAmRNAmRNAmRNA上每3333个核苷酸翻译成多肽链上的一
个氨基酸，这3333个核苷酸就称为一个密码子
（三联子密码）。



The genetic code is tripletThe genetic code is tripletThe genetic code is tripletThe genetic code is triplet
-- -- -- -- Key terms

CodonCodonCodonCodon    is a triplet of nucleotides that represents an amino acid or a is a triplet of nucleotides that represents an amino acid or a is a triplet of nucleotides that represents an amino acid or a is a triplet of nucleotides that represents an amino acid or a 
termination signal.termination signal.termination signal.termination signal.

Genetic codeGenetic codeGenetic codeGenetic code    is the correspondence between triplets in DNA (or is the correspondence between triplets in DNA (or is the correspondence between triplets in DNA (or is the correspondence between triplets in DNA (or 
RNA) and amino acids in protein.RNA) and amino acids in protein.RNA) and amino acids in protein.RNA) and amino acids in protein.

Initiation Initiation Initiation Initiation codoncodoncodoncodon    is a special is a special is a special is a special codoncodoncodoncodon (usually AUG) used to start  (usually AUG) used to start  (usually AUG) used to start  (usually AUG) used to start 
synthesis of a protein.synthesis of a protein.synthesis of a protein.synthesis of a protein.

ORFORFORFORF    is an open reading frame; presumed likely to code for a protein.is an open reading frame; presumed likely to code for a protein.is an open reading frame; presumed likely to code for a protein.is an open reading frame; presumed likely to code for a protein.
Reading frameReading frameReading frameReading frame    is one of three possible ways of reading a nucleotide is one of three possible ways of reading a nucleotide is one of three possible ways of reading a nucleotide is one of three possible ways of reading a nucleotide 

sequence as a series of triplets.sequence as a series of triplets.sequence as a series of triplets.sequence as a series of triplets.
Termination Termination Termination Termination codoncodoncodoncodon    is one of three (UAG, UAA, UGA) that causes is one of three (UAG, UAA, UGA) that causes is one of three (UAG, UAA, UGA) that causes is one of three (UAG, UAA, UGA) that causes 

protein synthesis to terminate.protein synthesis to terminate.protein synthesis to terminate.protein synthesis to terminate.



Polypeptide chains are specified Polypeptide chains are specified Polypeptide chains are specified Polypeptide chains are specified 
by ORFby ORFby ORFby ORF 

• The protein coding region of each  mRNA  is composed 
of a contiguous, non-overlapping string of codons called 
an opening reading frameopening reading frameopening reading frameopening reading frame (ORFORFORFORF) .

• Each ORF begins with a start codonstart codonstart codonstart codon and ends with a 
stop stop stop stop codoncodoncodoncodon.



一个RNARNARNARNA分子可以以三种可能的阅读框进行翻译

只有一种阅读框编码实际信息



                                            三联子密码及其破译

若以3333个核苷酸代表一个氨基酸，

有43=6443=6443=6443=64种密码子，满足了编码20202020种氨基酸的需要。



                                                                                                                                         (-)  (-)  (-)(-)  (-)  (-)(-)  (-)  (-)(-)  (-)  (-)
一次删去5555’’’’-GUA   -GUA   -GUA   -GUA   ↓↓↓↓            ↓↓↓↓            ↓↓↓↓        UAC GGA UUAC GGA UUAC GGA UUAC GGA U………………………………3333’’’’

                                                                                                                                                                                                                读码框不变

用核苷酸的插入或删除实验证明mRNAmRNAmRNAmRNA模板上
每三个核苷酸组成一个密码子。

 



三联子密码的破译

•    制备E.coliE.coliE.coliE.coli无细胞合成体系，以均聚物、随机共
聚物和特定序列的共聚物模板指导多肽的合成。

•    核糖体结合技术。



1.1.1.1.Cell Cell Cell Cell lysatelysatelysatelysate treated by  treated by  treated by  treated by DNaseDNaseDNaseDNase to prevent  to prevent  to prevent  to prevent 
new transcription new transcription new transcription new transcription 

E. coliE. coliE. coliE. coli 无细胞蛋白合成体系
((((cell-free protein synthesizing systemcell-free protein synthesizing systemcell-free protein synthesizing systemcell-free protein synthesizing system))))

2. Add 2. Add 2. Add 2. Add homopolymerichomopolymerichomopolymerichomopolymeric synthetic mRNAs  synthetic mRNAs  synthetic mRNAs  synthetic mRNAs 
[[[[poly(Apoly(Apoly(Apoly(A)]  + 19 cold (non-labeled) and one )]  + 19 cold (non-labeled) and one )]  + 19 cold (non-labeled) and one )]  + 19 cold (non-labeled) and one 
labeled labeled labeled labeled aminoacidsaminoacidsaminoacidsaminoacids    

3.3.3.3. In vitro In vitro In vitro In vitro translation  translation  translation  translation 

4. Analyze the translated polypeptides4. Analyze the translated polypeptides4. Analyze the translated polypeptides4. Analyze the translated polypeptides



均聚物为模板

                NirenbergNirenbergNirenbergNirenberg把多聚（NNNN）作为模板加入到无细胞体系
时发现，新合成的多肽链是::::

            poly(Upoly(Upoly(Upoly(U) ---UUU--- ) ---UUU--- ) ---UUU--- ) ---UUU--- polyphenylalaninepolyphenylalaninepolyphenylalaninepolyphenylalanine    
            poly(Cpoly(Cpoly(Cpoly(C) ---CCC--- ) ---CCC--- ) ---CCC--- ) ---CCC--- polyprolinepolyprolinepolyprolinepolyproline    
            poly(Apoly(Apoly(Apoly(A) ---AAA--- ) ---AAA--- ) ---AAA--- ) ---AAA--- polylysinepolylysinepolylysinepolylysine    
            poly(Gpoly(Gpoly(Gpoly(G) --- did not work because of ) --- did not work because of ) --- did not work because of ) --- did not work because of 
        the complex secondary structure        the complex secondary structure        the complex secondary structure        the complex secondary structure 



Poly(UG)---poly(Cys-ValPoly(UG)---poly(Cys-ValPoly(UG)---poly(Cys-ValPoly(UG)---poly(Cys-Val):):):):

5'5'5'5'……………………UGU GUG UGU GUG UGU GUGUGU GUG UGU GUG UGU GUGUGU GUG UGU GUG UGU GUGUGU GUG UGU GUG UGU GUG……………………3'3'3'3'

                无论读码从UUUU开始还是从GGGG开始，都只能有
UGU(CysUGU(CysUGU(CysUGU(Cys))))及GUG(ValGUG(ValGUG(ValGUG(Val))))两种密码子。

随机共聚物为模板



• 只含AAAA、CCCC的共聚核苷酸作模板：
→8888种三联子编码的AsnAsnAsnAsn、HisHisHisHis、ProProProPro、GlnGlnGlnGln、

ThrThrThrThr、LysLysLysLys 6 6 6 6种氨基酸。

特定序列的共聚物为模板

•    以多聚（UUCUUCUUCUUC）为模板
→UUCUUCUUCUUC苯丙氨、UCUUCUUCUUCU丝氨酸、CUUCUUCUUCUU亮氨酸



• 以人工合成的三核苷酸如UUUUUUUUUUUU、UCUUCUUCUUCU、UGUUGUUGUUGU等
为模板，在含核糖体、AA-tRNAAA-tRNAAA-tRNAAA-tRNA的适当离子强度
的反应液中保温后通过硝酸纤维素滤膜。

• 游离的AA-tRNAAA-tRNAAA-tRNAAA-tRNA因相对分子质量小能自由过膜，
与14141414CCCC标记模板对应的AA-tRNAAA-tRNAAA-tRNAAA-tRNA能与核糖体结合，
体积超过膜上的微孔而被滞留。

核糖体结合技术



三核苷酸密码子能使特定的氨基酰-tRNA-tRNA-tRNA-tRNA结合到核糖体上

密码子 与核糖体相结合的14141414CCCC标记的氨基酰-tRNA-tRNA-tRNA-tRNA

Phe-tRNAPhe-tRNAPhe-tRNAPhe-tRNAPhePhePhePhe Lys-tRNALys-tRNALys-tRNALys-tRNALysLysLysLys Pro-tRNAPro-tRNAPro-tRNAPro-tRNAProProProPro

UUUUUUUUUUUU 4.6 4.6 4.6 4.6 **** 0000 0000

AAAAAAAAAAAA 0000 7.77.77.77.7 0000

CCCCCCCCCCCC 0000 0000 3.13.13.13.1

****数字代表特定氨基酰tRNAtRNAtRNAtRNA与带有模板三核苷酸的核
糖体相结合的效率。



遗传密码的性质

1.1.1.1.密码的连续性((((commalesscommalesscommalesscommaless)))) 

2.2.2.2.密码的简并性((((degeneracydegeneracydegeneracydegeneracy)))) 

3.3.3.3.密码的普遍性((((universalityuniversalityuniversalityuniversality))))

4. 4. 4. 4. 密码的特殊性((((specificityspecificityspecificityspecificity))))

5. 5. 5. 5. 密码子与反密码子的相互作用



密码的连续性((((commalesscommalesscommalesscommaless))))

• 三个核苷酸编码一个氨基酸。

• 三联子密码是非重叠((((non-overlappingnon-overlappingnon-overlappingnon-overlapping))))和连
续的((((commalesscommalesscommalesscommaless))))。



密码的简并性((((degeneracydegeneracydegeneracydegeneracy)))) 

        4444种核苷酸可组成64646464个密码子::::
• 61 61 61 61个是编码氨基酸的密码子；
•    3333个即UAAUAAUAAUAA、UGAUGAUGAUGA和UAGUAGUAGUAG是终止密码子

由一种以上密码子编码同一个氨基酸的
现象称为简并（degeneracydegeneracydegeneracydegeneracy）



通用遗传密码及
相应的氨基酸

除色氨酸（UGGUGGUGGUGG）只有一
个密码子外，其他氨基酸
都有一个以上的密码子：
•    9999种氨基酸有2222个密码子，
•    1111种氨基酸有3333个密码子，
•    5555种氨基酸有4444个密码子，
•    3333种氨基酸有6666个密码子。

同义密码子
((((synonymous synonymous synonymous synonymous codoncodoncodoncodon))))：
对应于同一氨基酸的密
码子



Third base degeneracyThird base degeneracyThird base degeneracyThird base degeneracy    
describes the lesser 
effect on codon meaning of 
the nucleotide present in 
the third codon position.



突变的影响

1.1.1.1. Transition Transition Transition Transition ((((转换)))):     
            purinepurinepurinepurine    ⇔⇔⇔⇔    purinepurinepurinepurine    or or or or 
            pymidinepymidinepymidinepymidine    ⇔⇔⇔⇔    pymidinepymidinepymidinepymidine    
At third positionAt third positionAt third positionAt third position: no effect except for 
   Met (AUG) Met (AUG) Met (AUG) Met (AUG) ⇔⇔⇔⇔ Ile (AUA,AUC,AUU);    Ile (AUA,AUC,AUU);    Ile (AUA,AUC,AUU);    Ile (AUA,AUC,AUU);   
        TrpTrpTrpTrp (UGG)  (UGG)  (UGG)  (UGG) ⇔⇔⇔⇔ stop (UGA)  stop (UGA)  stop (UGA)  stop (UGA) 
At second positionAt second positionAt second positionAt second position: results in similar 

chemical type of amino acids. 



2222. . . . TransversionsTransversionsTransversionsTransversions ( ( ( (颠换): ): ): ): 
   purinepurinepurinepurine    ⇔⇔⇔⇔    pymidinepymidinepymidinepymidine    
  At third position:At third position:At third position:At third position:    over half have no over half have no over half have no over half have no 

effect and result in a similar type of effect and result in a similar type of effect and result in a similar type of effect and result in a similar type of 
amino acid. amino acid. amino acid. amino acid. 

 Asp (GAU,GAC)  Asp (GAU,GAC)  Asp (GAU,GAC)  Asp (GAU,GAC) ⇔⇔⇔⇔    GluGluGluGlu (GAA,GAG) (GAA,GAG) (GAA,GAG) (GAA,GAG)     
    AtAtAtAt second position:second position:second position:second position:    change the type of change the type of change the type of change the type of 

amino acid.amino acid.amino acid.amino acid.

突变的影响



In the first positionIn the first positionIn the first positionIn the first position, both transition and both transition and both transition and both transition and 
transvertiontransvertiontransvertiontransvertion    specify aspecify aspecify aspecify a similar typesimilar typesimilar typesimilar type of  of  of  of 
amino acid, and amino acid, and amino acid, and amino acid, and in a few cases it is the in a few cases it is the in a few cases it is the in a few cases it is the 
same amino acidsame amino acidsame amino acidsame amino acid    

    ((((LeuLeuLeuLeu: CUA or UUA).: CUA or UUA).: CUA or UUA).: CUA or UUA). 



AUGAUGAUGAUG→甲硫氨酸及起始密码子
GUGGUGGUGGUG→缬氨酸及起始密码子

UAAUAAUAAUAA→终止密码子((((OchreOchreOchreOchre))))
UAGUAGUAGUAG→终止密码子((((AmberAmberAmberAmber))))
UGAUGAUGAUGA→终止密码子((((OpalOpalOpalOpal))))

起始密码子和终止密码子





密码的普遍性

生物界基本共用同一套
遗传密码。



The standard The standard The standard The standard codonscodonscodonscodons are true for most organisms, but not for all are true for most organisms, but not for all are true for most organisms, but not for all are true for most organisms, but not for all 

密
码
的
特
殊
性



tRNAtRNAtRNAtRNA的反密码子
在核糖体内是通过碱
基 的 反 向 配 对 与
mRNAmRNAmRNAmRNA上的密码子相
互作用的。

密码子与反密码子的相互作用

Codon       5’ A C G  3’ 
Anticodon 3’ U G C  5’
is usually written as codon ACG/anticodon CGU, 
ACG and CGU



1966196619661966年,,,,CrickCrickCrickCrick提出摆动假说
((((wobble hypothesiswobble hypothesiswobble hypothesiswobble hypothesis))))，解
释了反密码子中某些稀有成
分（如IIII）的配对，以及许
多氨基酸有2222个以上密码子
的问题。

Wobble hypothesisWobble hypothesisWobble hypothesisWobble hypothesis

5'-anticodon base is able to undergo more movement 5'-anticodon base is able to undergo more movement 5'-anticodon base is able to undergo more movement 5'-anticodon base is able to undergo more movement 
than the other two bases and can thus form non-than the other two bases and can thus form non-than the other two bases and can thus form non-than the other two bases and can thus form non-
standard base pairs as long as the distances standard base pairs as long as the distances standard base pairs as long as the distances standard base pairs as long as the distances 
between the ribose units are close to normal.between the ribose units are close to normal.between the ribose units are close to normal.between the ribose units are close to normal.



Wobble in base pairing 
allows G-U pairs to 
form between the 
third base of the 
codon and the first 
base of the anticodon.



密码子与反密码子的配对

•前两对严格遵守碱基配对原则

•第三对碱基有一定的自由度，可以““““摆动””””，
因而使某些tRNAtRNAtRNAtRNA可以识别1111个以上的密码子。

Base in 5Base in 5Base in 5Base in 5Base in 5Base in 5Base in 5Base in 5’’’’’’’’        AnticodonAnticodonAnticodonAnticodonAnticodonAnticodonAnticodonAnticodon    in 3    in 3    in 3    in 3    in 3    in 3    in 3    in 3’’’’’’’’ Codon Codon Codon Codon Codon Codon Codon Codon
G                   U or CG                   U or CG                   U or CG                   U or C
C                           GC                           GC                           GC                           G
A                           UA                           UA                           UA                           U
U                   A or GU                   A or GU                   A or GU                   A or G
I              A, U, or CI              A, U, or CI              A, U, or CI              A, U, or C

一个tRNAtRNAtRNAtRNA究竟能识别多少个密码子
是由反密码子的第一位碱基的性质决
定的。



多个密码子同时编码一个氨基酸，凡是第一、
二位碱基不同的密码子都对应于各自独立的
tRNAtRNAtRNAtRNA。

•原核生物中大约有30-4530-4530-4530-45种tRNAtRNAtRNAtRNA，

•真核细胞中可能存在50505050种tRNAtRNAtRNAtRNA。



• 为每个三联密码子翻译成氨基酸提供了接合
体，

tRNAtRNAtRNAtRNA

•为准确无误地将所需氨基酸运送到核糖体上提
供了运送载体。

又被称为第二遗传密码



tRNAtRNAtRNAtRNA

•tRNAtRNAtRNAtRNA一级结构((((Primary StructurePrimary StructurePrimary StructurePrimary Structure))))
•tRNAtRNAtRNAtRNA二级结构((((Secondary StructureSecondary StructureSecondary StructureSecondary Structure))))
•tRNAtRNAtRNAtRNA三级结构((((Tertiary StructureTertiary StructureTertiary StructureTertiary Structure))))
•tRNAtRNAtRNAtRNA的功能



• 长度: : : : 60-95 60-95 60-95 60-95 ntntntnt (commonly 76) (commonly 76) (commonly 76) (commonly 76)    
• 残基: : : : 15 15 15 15 个invariant(invariant(invariant(invariant(恒定) ) ) ) 和    8888个    semi-semi-semi-semi-

invariant(invariant(invariant(invariant(半恒定)))). invariant . invariant . invariant . invariant 和    semi-variant semi-variant semi-variant semi-variant 
核苷的位置在二级结构和三级结构中起着重要
的作用。

tRNAtRNAtRNAtRNA一级结构(primary structure)(primary structure)(primary structure)(primary structure)

            含有修饰碱基((((Modified bases):Modified bases):Modified bases):Modified bases):        
• 有时一个tRNAtRNAtRNAtRNA分子的    20% 20% 20% 20% 的碱基是经过修饰的。

• 已发现有超过50 50 50 50 种不同类型的修饰碱基。



tRNAtRNAtRNAtRNA中所有4444种碱基都能被修饰



不同tRNAtRNAtRNAtRNA在结构上存在大量的共性，由小片段碱
基互补配对形成三叶草形分子结构：

•    4444条手臂(arm or stem)(arm or stem)(arm or stem)(arm or stem)

• 3 3 3 3个环(loop)(loop)(loop)(loop)

tRNAtRNAtRNAtRNA二级结构(secondary structure)(secondary structure)(secondary structure)(secondary structure)



D loopD loopD loopD loopD loopD loopD loopD loop T loopT loopT loopT loopT loopT loopT loopT loop

AnticodonAnticodonAnticodonAnticodonAnticodonAnticodonAnticodonAnticodon loop loop loop loop loop loop loop loop

tRNAtRNAtRNAtRNA三叶草形二级结构



• 受 体 臂 （ acceptor acceptor acceptor acceptor 
armarmarmarm）由链两端序列配
对形成的杆状结构和3333’’’’
端未配对的3333～4444个碱
基所组成。

• 其3333’’’’    端的最后3333个碱
基序列永远是CCACCACCACCA，
最后一个碱基的3333’’’’或2222’’’’    
自由羟基((((————OH)OH)OH)OH)可以
被氨酰化。                    

Amino acid acceptor stemAmino acid acceptor stemAmino acid acceptor stemAmino acid acceptor stemAmino acid acceptor stemAmino acid acceptor stemAmino acid acceptor stemAmino acid acceptor stem    



DDDD臂中存在多至3333个可
变核苷酸位点，17171717：1111
及20202020：1111、20202020：2222。最
常见的DDDD臂缺失这3333个
核苷酸，而最小的DDDD
臂中第17171717位核苷酸也
缺失了。

D-arm and D-loopD-arm and D-loopD-arm and D-loopD-arm and D-loopD-arm and D-loopD-arm and D-loopD-arm and D-loopD-arm and D-loop  

DDDD臂是根据它含有二氢
尿嘧啶((((dihydrouracildihydrouracildihydrouracildihydrouracil）
命名的。



AnticodonAnticodonAnticodonAnticodonAnticodonAnticodonAnticodonAnticodon loop loop loop loop loop loop loop loop

反密码子臂是根据位于
套索中央的三联反密码
子命名的。

由5bp5bp5bp5bp的臂和7777个核苷的
环组成。在环中有与密
码子互补的由3333个核苷
组成的反密码子。



Variable arm and T-armVariable arm and T-armVariable arm and T-armVariable arm and T-armVariable arm and T-armVariable arm and T-armVariable arm and T-armVariable arm and T-arm  

TTTTψCCCC臂是根据3333个核苷
酸命名的，其中ψ表示
拟尿嘧啶；由5bp5bp5bp5bp臂和含
有GTGTGTGTΨΨΨΨCCCC的环组成。

可变臂((((多余臂))))是由3333到
21212121个核苷组成，可能会
形成多达7bp7bp7bp7bp的臂。



•     tRNAtRNAtRNAtRNA的稀有碱基含量非常丰富，约有70707070
余种。

•    每个tRNAtRNAtRNAtRNA分子至少含有2222个稀有碱基，最多
有19191919个，多数分布在非配对区，特别是在反密
码子3333’’’’    端邻近部位出现的频率最高,,,,且多为嘌呤
核苷酸。

•    对于维持反密码子的稳定性及密码子、反密
码子间的配对很重要。



在LLLL形三级结构中：

•受体臂顶端的碱基位
于““““LLLL””””的一个端点，
•反密码子臂的套索状
结构生成了““““LLLL””””的另一
个端点。

 

这个结构形式满足了
蛋白质合成过程中对
tRNAtRNAtRNAtRNA的各种要求而
成为tRNAtRNAtRNAtRNA的通式。

tRNAtRNAtRNAtRNA的L-L-L-L-形三级结构



• tRNAtRNAtRNAtRNA三级结构主要由在二级结构中未配对
碱基间形成的9999个氢键（三级氢键）而引发
的。

• 大部分恒定或半恒定核苷酸都参与三级氢
键的形成。

tRNAtRNAtRNAtRNA三级结构的形成



模板mRNAmRNAmRNAmRNA只能识别特异的tRNAtRNAtRNAtRNA，而不是氨基酸::::

•    只有tRNAtRNAtRNAtRNA上的反密码子能与mRNAmRNAmRNAmRNA上的密码子相互
识别并配对;;;;

•    氨基酸本身不能识别密码子，只有结合到tRNAtRNAtRNAtRNA上生
成AA-AA-AA-AA-tRNAtRNAtRNAtRNA,,,,才能被带到mRNA-mRNA-mRNA-mRNA-核糖体复合物上,,,,插入
到正在合成的多肽链的适当位置上。

tRNAtRNAtRNAtRNA的功能



1.1.1.1.起始tRNAtRNAtRNAtRNA和延伸tRNAtRNAtRNAtRNA

2.2.2.2.同工tRNAtRNAtRNAtRNA

3.3.3.3.校正tRNAtRNAtRNAtRNA        

 tRNAtRNAtRNAtRNA的种类



• 起始tRNAtRNAtRNAtRNA::::    能特异性识别mRNAmRNAmRNAmRNA模板上起
始密码子的tRNAtRNAtRNAtRNA;;;;
• 延伸tRNAtRNAtRNAtRNA::::其他tRNAtRNAtRNAtRNA统称为延伸tRNAtRNAtRNAtRNA。

•真核生物起始tRNAtRNAtRNAtRNA携带甲硫氨酸(Met(Met(Met(Met))))，
•原核生物起始tRNAtRNAtRNAtRNA携带甲酰甲硫氨酸((((fMetfMetfMetfMet))))，
•原核生物中Met-Met-Met-Met-tRNAtRNAtRNAtRNAfMetfMetfMetfMet必须首先甲酰化生成
fMet-tRNAfMet-tRNAfMet-tRNAfMet-tRNAfMetfMetfMetfMet才能参与蛋白质的生物合成。

1. 1. 1. 1. 起始tRNAtRNAtRNAtRNA和延伸tRNAtRNAtRNAtRNA



• 同工tRNAtRNAtRNAtRNA：代表相同氨基酸的不同tRNAtRNAtRNAtRNA。

2.2.2.2.同工tRNAtRNAtRNAtRNA

•    在一个同工tRNAtRNAtRNAtRNA组内，所有tRNAtRNAtRNAtRNA均专一于相同的
氨酰----tRNAtRNAtRNAtRNA合成酶。

•    同工tRNAtRNAtRNAtRNA既要有不同的反密码子以识别该氨基酸的
各种同义密码，又要有某种结构上的共同    性，能被
AA-AA-AA-AA-tRNAtRNAtRNAtRNA合成酶识别。



校正tRNAtRNAtRNAtRNA通过改变反密码子区校正无义突变
和错义突变。

3.3.3.3.校正tRNAtRNAtRNAtRNA



• AA-AA-AA-AA-tRNAtRNAtRNAtRNA合成酶是一类催化氨基酸与tRNAtRNAtRNAtRNA结
合的特异性酶：

AA+tRNA+ATPAA+tRNA+ATPAA+tRNA+ATPAA+tRNA+ATP→AAtRNA+AMP+PPiAAtRNA+AMP+PPiAAtRNA+AMP+PPiAAtRNA+AMP+PPi

氨酰----tRNAtRNAtRNAtRNA合成酶
aminonacyl-tRNAaminonacyl-tRNAaminonacyl-tRNAaminonacyl-tRNA    synthetasesynthetasesynthetasesynthetase (ARS ) (ARS ) (ARS ) (ARS )



包括两步反应：

第一步是氨基酸活化生成氨
酰----腺苷酸。
AA+ATP+AA+ATP+AA+ATP+AA+ATP+酶（EEEE）→    E-AA-E-AA-E-AA-E-AA-
AMP+PPiAMP+PPiAMP+PPiAMP+PPi

AminoacylationAminoacylationAminoacylationAminoacylation    ((((腺苷酰化))))    of of of of tRNAstRNAstRNAstRNAs

第二步是氨酰基转移到tRNAtRNAtRNAtRNA    
3333‘‘‘‘    末端腺苷残基的2222’’’’    或3333‘‘‘‘----羟
基上,,,,生成氨酰----tRNAtRNAtRNAtRNA。
E-AA-E-AA-E-AA-E-AA-AMP+tRNAAMP+tRNAAMP+tRNAAMP+tRNA    → AA- AA- AA- AA-
tRNA+E+AMPtRNA+E+AMPtRNA+E+AMPtRNA+E+AMP



tRNA-synthetasestRNA-synthetasestRNA-synthetasestRNA-synthetases和charged charged charged charged tRNAstRNAstRNAstRNAs的命名

catalyze amino acid-catalyze amino acid-catalyze amino acid-catalyze amino acid-tRNAtRNAtRNAtRNA joining reaction  joining reaction  joining reaction  joining reaction 
extremelyextremelyextremelyextremely specific specific specific specific....

Amino acid: serine Amino acid: serine Amino acid: serine Amino acid: serine 
Cognate Cognate Cognate Cognate tRNAtRNAtRNAtRNA: : : : tRNAtRNAtRNAtRNAserserserser    

Cognate Cognate Cognate Cognate aminoacyl-tRNAaminoacyl-tRNAaminoacyl-tRNAaminoacyl-tRNA    synthetasesynthetasesynthetasesynthetase: : : : 
seryl-tRNAseryl-tRNAseryl-tRNAseryl-tRNA    synthetasesynthetasesynthetasesynthetase    

Aminoacyl-tRNAAminoacyl-tRNAAminoacyl-tRNAAminoacyl-tRNA: : : : seryl-tRNAseryl-tRNAseryl-tRNAseryl-tRNAserserserser 

Aminoacyl-tRNAAminoacyl-tRNAAminoacyl-tRNAAminoacyl-tRNA    synthetasessynthetasessynthetasessynthetases



Two classes of Two classes of Two classes of Two classes of Aminoacyl-tRNAAminoacyl-tRNAAminoacyl-tRNAAminoacyl-tRNA    
synthetasessynthetasessynthetasessynthetases

• Class I binds minor groove of acceptor arm; Class I binds minor groove of acceptor arm; Class I binds minor groove of acceptor arm; Class I binds minor groove of acceptor arm; 
• Class II binds major groove of acceptor armClass II binds major groove of acceptor armClass II binds major groove of acceptor armClass II binds major groove of acceptor arm



• 蛋白质合成的真实性主要决定于AA-AA-AA-AA-tRNAtRNAtRNAtRNA
合成酶是否能使氨基酸与对应的tRNAtRNAtRNAtRNA相结
合。

• AA-AA-AA-AA-tRNAtRNAtRNAtRNA合成酶既要能识别tRNAtRNAtRNAtRNA，又要能
识别氨基酸，它对两者都具有高度的专一
性。

• 氨酰----tRNAtRNAtRNAtRNA合成酶利用校读功能来提高精确
性。

氨酰----tRNAtRNAtRNAtRNA合成酶决定蛋白质合
成的真实性



核糖体((((ribosomeribosomeribosomeribosome))))
protein-synthesizing machinesprotein-synthesizing machinesprotein-synthesizing machinesprotein-synthesizing machines



•    一个细菌细胞内约有20,00020,00020,00020,000个核糖体，
•    真核细胞内可达101010106666个。
•    这些颗粒既可以游离状态存在于细胞内，也可
与内质网结合，形成微粒体。

核糖体是由几十种蛋白质和多种核糖体
RNARNARNARNA(ribosomal(ribosomal(ribosomal(ribosomal RNA,  RNA,  RNA,  RNA, rRNArRNArRNArRNA))))所组成的亚细胞颗粒。
它像一个沿着mRNAmRNAmRNAmRNA模板移动的工厂，执行着蛋
白质合成的功能。



核糖体及其他组分在大肠杆菌细胞内的分布

组分 占细胞总量 细胞内数量

细胞壁 10%10%10%10% 1111

细胞膜 10%10%10%10% 2222

DNADNADNADNA 2%2%2%2% 1111

mRNAmRNAmRNAmRNA 2%2%2%2% 3.53.53.53.5×101010103333

tRNAtRNAtRNAtRNA 3%3%3%3% 1.61.61.61.6×101010105555

rRNArRNArRNArRNA 21%21%21%21% 8888×101010105555

核糖体蛋白 9%9%9%9% 2222×101010104444

可溶性蛋白 40%40%40%40% 101010106666

小分子 3%3%3%3% 7.57.57.57.5×101010106666



•    真核生物中，大多数正在进行蛋白质合
成的核糖体都不是在细胞质内自由漂浮，
而是直接或间接与细胞骨架结构有关联或
者与内质网膜结构相连的。

•    细菌核糖体大都通过与mRNAmRNAmRNAmRNA相互作用，
被固定在核基因组上。



核糖体是一个致密的核糖核
蛋白颗粒，可解离为两个亚
基，每个亚基都含有一个相
对分子质量较大的rRNArRNArRNArRNA和
许多不同的蛋白质分子。

核糖体的结构



核糖体是一个大型复
合物,,,,由4444个RNARNARNARNA和超
过80808080个蛋白质组成



2009200920092009年诺贝尔化学奖    

the strong-willed pioneerthe strong-willed pioneerthe strong-willed pioneerthe strong-willed pioneersolved the “phase problemphase problemphase problemphase problem”



            SSU from SSU from SSU from SSU from RamakrishnanRamakrishnanRamakrishnanRamakrishnan work with  work with  work with  work with 
A-site A-site A-site A-site AnticodonAnticodonAnticodonAnticodon Stem Loop bound  Stem Loop bound  Stem Loop bound  Stem Loop bound 
as well as mRNA as well as mRNA as well as mRNA as well as mRNA analaoganalaoganalaoganalaog show.  show.  show.  show. 

LSU from LSU from LSU from LSU from SteitzSteitzSteitzSteitz and Moore  and Moore  and Moore  and Moore 
labs work shownlabs work shownlabs work shownlabs work shown

核糖体的大小亚基



Svedberg (S): the unit used to measure Svedberg (S): the unit used to measure Svedberg (S): the unit used to measure Svedberg (S): the unit used to measure 
sedimentation velocitysedimentation velocitysedimentation velocitysedimentation velocity

Sedimentation velocity is determined by both 
shape and size and hence is not a measure of 
mass



•原核生物核糖体由约2/32/32/32/3的RNARNARNARNA及1/31/31/31/3的蛋白质组成。

•真核生物核糖体中RNARNARNARNA占3/53/53/53/5，蛋白质占2/52/52/52/5。



原核与真核细胞核糖体大小亚基比较

EukaryotesEukaryotesEukaryotesEukaryotes ProkaryotesProkaryotesProkaryotesProkaryotes



大肠杆菌核糖体基本成分
    核糖体 小亚基 大亚基

沉降系数 70S70S70S70S 30S30S30S30S 50S50S50S50S

总体相对分子质
量

2.522.522.522.52×101010106666 9.309.309.309.30×101010105555 1.591.591.591.59×101010106666

主要rRNArRNArRNArRNA（碱
基数）

    16S16S16S16S（1 5411 5411 5411 541） 23S23S23S23S（2 9042 9042 9042 904）

主要rRNArRNArRNArRNA（碱
基数）

        5S5S5S5S（120120120120）

RNARNARNARNA相对分子
质量

1.661.661.661.66×101010106666 5.605.605.605.60×101010105555 1.101.101.101.10×101010106666

RNARNARNARNA所占比例 66%66%66%66% 60%60%60%60% 70%70%70%70%

蛋白质数量     21212121 36363636

蛋白质相对分子
质量

8.578.578.578.57×101010105555 3.703.703.703.70×101010105555 4.874.874.874.87×101010105555

蛋白质所占比例 34%34%34%34% 40%40%40%40% 30%30%30%30%



•大肠杆菌核糖体小亚基由21212121种蛋白质组
成，分别用SSSS1111……………………SSSS21212121表示，大亚基由36363636种
蛋白质组成，分别用LLLL1111……………………LLLL36363636表示。

•真核生物细胞核糖体蛋白质中，大亚基含
有49494949种蛋白质，小亚基有33333333种蛋白质，它
们的相对分子质量在8888×101010103333～4.04.04.04.0×101010104444之间。



Ribosomal stress results from :
• Ribosomal RNA (rRNA) transcription and ribosomal proteins (RPs) 

expression (actinomycin D or 5-Fluorouracil treament)
• Processing of pre-rRNA Assembly of ribosome

Ribosomal stress and p53 pathwayRibosomal stress and p53 pathwayRibosomal stress and p53 pathwayRibosomal stress and p53 pathway

p53p53p53p53：：：：人体内最重要的抑癌蛋白

Caldarola, 2009, FEBS Journal

NormalNormalNormalNormal Stress Stress Stress Stress 



核糖体亚基蛋白调控HDM2-p53HDM2-p53HDM2-p53HDM2-p53信号通路

p53 信号通路 
(Chakraborty et al., 2011, Wiley Interdiscip Rev)



核糖体亚基蛋白RPs-HDM2-p53RPs-HDM2-p53RPs-HDM2-p53RPs-HDM2-p53通路

RPs-MDM2(HDM2)-p53 pathway
(Deisenroth and Zhang, 2010, Oncogene)
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Simplified schematic of eukaryotic Simplified schematic of eukaryotic Simplified schematic of eukaryotic Simplified schematic of eukaryotic 
ribosome biogenesisribosome biogenesisribosome biogenesisribosome biogenesis

Blood,2010,115:3196-3205Blood,2010,115:3196-3205Blood,2010,115:3196-3205Blood,2010,115:3196-3205

acute myeloid leukemiaacute myeloid leukemiaacute myeloid leukemiaacute myeloid leukemia

acute myeloid leukemiaacute myeloid leukemiaacute myeloid leukemiaacute myeloid leukemia

Bone marrow failureBone marrow failureBone marrow failureBone marrow failure





几种不同生物核糖体及rRNArRNArRNArRNA的组成

核糖
体

来            源 大亚基 小亚基

沉降系数 RNARNARNARNA 沉降系数 RNARNARNARNA

80S80S80S80S 脊椎动物 60S60S60S60S 28S28S28S28S 40S40S40S40S 18S18S18S18S

            5S5S5S5S         

            5.8S5.8S5.8S5.8S         

80S80S80S80S 无脊椎动物、
植物

60S60S60S60S 25S25S25S25S 40S40S40S40S 16161616～
18S18S18S18S

            5S5S5S5S         

            5.8S5.8S5.8S5.8S         

70S70S70S70S 原核生物 50S50S50S50S 23S23S23S23S 30S30S30S30S 16S16S16S16S

55S55S55S55S 脊椎动物
线粒体

40S40S40S40S 16161616～17S17S17S17S 30S30S30S30S 10101010～
13S13S13S13S



Size comparisons show that the ribosome is 
large enough to bind tRNAs and mRNA.



 

核糖体分子中可容纳两个tRNA和
约40bp长的mRNA。 

核糖体结构模型



   In cells, the small and large ribosome 
subunits associate with each other and 
the mRNA, translate it, and then 
dissociate after each round of translation. 
This sequence of association and 
dissociation is called the ribosome cycle.

Ribosome cyclesRibosome cyclesRibosome cyclesRibosome cycles



Overview of the events of translation/ribosome cycleOverview of the events of translation/ribosome cycleOverview of the events of translation/ribosome cycleOverview of the events of translation/ribosome cycle

The large and the small subunits undergone association The large and the small subunits undergone association The large and the small subunits undergone association The large and the small subunits undergone association 
and dissociation during each cycle of translationand dissociation during each cycle of translationand dissociation during each cycle of translationand dissociation during each cycle of translation



真核生物细胞中发现的多聚核糖体
((((polyribosomespolyribosomespolyribosomespolyribosomes or  or  or  or polysomespolysomespolysomespolysomes))))现象

大大加速蛋白质合成的速度，提高了mRNAmRNAmRNAmRNA的
利用率。



电镜下的多聚核糖体    ((((polysomespolysomespolysomespolysomes))))



1.  5 S 1.  5 S 1.  5 S 1.  5 S rRNArRNArRNArRNA
2.  16 S 2.  16 S 2.  16 S 2.  16 S rRNArRNArRNArRNA
3.  23 S 3.  23 S 3.  23 S 3.  23 S rRNArRNArRNArRNA
4.  5.8 S 4.  5.8 S 4.  5.8 S 4.  5.8 S rRNArRNArRNArRNA

rRNArRNArRNArRNA



    5S 5S 5S 5S rRNArRNArRNArRNA有两个高度保守的区域::::
•一个区域含有保守序列CGAACCGAACCGAACCGAAC，这是与tRNAtRNAtRNAtRNA分子TTTT
ψCCCC环上的GTGTGTGTψCGCGCGCG序列相互作用的部位，是5 S 5 S 5 S 5 S 
rRNArRNArRNArRNA与tRNAtRNAtRNAtRNA相互识别的序列。

•另 一 个 区 域 含 有 保 守 序 列
GCGCCGAAUGGUAGUGCGCCGAAUGGUAGUGCGCCGAAUGGUAGUGCGCCGAAUGGUAGU，与23S rRNA23S rRNA23S rRNA23S rRNA的中一段序
列互补，可能是5 S rRNA5 S rRNA5 S rRNA5 S rRNA与50 S50 S50 S50 S核糖体大亚基相互作
用的位点。

细菌5 S 5 S 5 S 5 S rRNArRNArRNArRNA含有120120120120个核苷酸（革兰氏阴性
菌）或116116116116个核苷酸（革兰氏阳性菌）。

5S 5S 5S 5S rRNArRNArRNArRNA



•     长约1 4751 4751 4751 475～1 5441 5441 5441 544个核苷酸之间

• 含有少量修饰碱基

• 位于原核生物30 S30 S30 S30 S小亚基内

• 结构十分保守::::
(1) 3(1) 3(1) 3(1) 3’’’’端一段ACCUCCUUAACCUCCUUAACCUCCUUAACCUCCUUA的保守序列，与

mRNA 5mRNA 5mRNA 5mRNA 5’’’’    端翻译起始区中的SDSDSDSD序列互补。
(2) (2) (2) (2) 靠近3' 3' 3' 3' 端处还有一段与23 S rRNA23 S rRNA23 S rRNA23 S rRNA互补的

序列，在30 S30 S30 S30 S与50 S50 S50 S50 S亚基的结合中起作用。

16S 16S 16S 16S rRNArRNArRNArRNA



23 S rRNA23 S rRNA23 S rRNA23 S rRNA基因包括2904290429042904个核苷酸::::

• 第1984198419841984～2001200120012001核苷酸之间存在能与tRNAtRNAtRNAtRNAMetMetMetMet

序列互补的片段 , , , , 表明核糖体大亚基 23 S 23 S 23 S 23 S 
rRNArRNArRNArRNA可能与tRNAtRNAtRNAtRNAMetMetMetMet的结合有关。

•     第143143143143～157157157157位核苷酸之间有一段12121212个核苷
酸的序列与5 S rRNA5 S rRNA5 S rRNA5 S rRNA上第72727272～83838383位核苷酸互
补，表明组成50 S50 S50 S50 S大亚基的这两种RNARNARNARNA之间可
能存在相互作用。

23S 23S 23S 23S rRNArRNArRNArRNA



•     真核生物核糖体大亚基特有的rRNArRNArRNArRNA

• 长度为160160160160个核苷酸

• 含有修饰碱基

• 含有与原核生物5 S 5 S 5 S 5 S rRNArRNArRNArRNA中的保守序列
CGAACCGAACCGAACCGAAC相同的序列，可能与tRNAtRNAtRNAtRNA作用的识
别有关。

5.8S 5.8S 5.8S 5.8S rRNArRNArRNArRNA



核糖体RNARNARNARNA决定核糖体的整体形状



核糖体上重要位点

•核糖体小亚基负责对模板mRNAmRNAmRNAmRNA进行序列特异性识别，

•大亚基负责携带氨基酸及tRNAtRNAtRNAtRNA的功能，肽键的形成、AA-AA-AA-AA-
tRNAtRNAtRNAtRNA、肽基-tRNA-tRNA-tRNA-tRNA的结合等主要在大亚基上。



• AAAA位点((((aminoacylaminoacylaminoacylaminoacyl site), site), site), site),新到来的氨酰----tRNAtRNAtRNAtRNA的结合位
点;;;;
• PPPP位点((((peptidylpeptidylpeptidylpeptidyl site), site), site), site),肽酰----tRNAtRNAtRNAtRNA结合位点;;;;
• EEEE位点(Exit site),(Exit site),(Exit site),(Exit site),    释放去氨酰----tRNAtRNAtRNAtRNA的位点。

核糖体上重要位点



• 只有fMet-tRNAfMet-tRNAfMet-tRNAfMet-tRNAfMetfMetfMetfMet能与第一个PPPP位点相结合，其它所
有tRNAtRNAtRNAtRNA都必须通过AAAA位点到达PPPP位点，再由EEEE位点离开
核糖体。

•     每一个tRNAtRNAtRNAtRNA结合位点都横跨核糖体的两个亚基，位
于大、小亚基的交界面。



Location of Location of Location of Location of tRNAstRNAstRNAstRNAs

Cate et al., Science 1999



Channels for mRNA entering and Channels for mRNA entering and Channels for mRNA entering and Channels for mRNA entering and 
exiting are located in the small subunitexiting are located in the small subunitexiting are located in the small subunitexiting are located in the small subunit

There is a pronounced There is a pronounced There is a pronounced There is a pronounced 
kink kink kink kink in the mRNA in the mRNA in the mRNA in the mRNA 
between the two codons between the two codons between the two codons between the two codons 
at P and A sites. This at P and A sites. This at P and A sites. This at P and A sites. This 
kink places the vacant A kink places the vacant A kink places the vacant A kink places the vacant A 
site codon for site codon for site codon for site codon for 
aminoacyl-tRNA aminoacyl-tRNA aminoacyl-tRNA aminoacyl-tRNA 
interaction. interaction. interaction. interaction. 

EEEE PPPP AAAA

mRNAmRNAmRNAmRNA



Channel for polypeptide chain exiting Channel for polypeptide chain exiting Channel for polypeptide chain exiting Channel for polypeptide chain exiting 
locates in the large subunitlocates in the large subunitlocates in the large subunitlocates in the large subunit

rRNA

Ribosomal protein

The size of the channel The size of the channel The size of the channel The size of the channel 
only allow a very limited only allow a very limited only allow a very limited only allow a very limited 
folding (folding (folding (folding (αhelix) of the helix) of the helix) of the helix) of the 
newly synthesized newly synthesized newly synthesized newly synthesized 
polypeptide.polypeptide.polypeptide.polypeptide.
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