
!"#$%&'()%"*#%*+,%-%.,(/-*
0/($%1%-2('-23*

42"2$/-*5$,"(,6-23*/"&*728*9%"(26#3*

BIOCH 590: Biomacromolecules                    Spring 2010 

Copyright: Jianhan Chen 

42"2$/-*!"#$%&'()%"*

•  9%'$32*32#'6:*#;%*1/<%$*6/$#3*
–  5/$#*!:*6=83,(/-*>,%(=21,3#$8*?@/"*AB*#%*0/$(=*ACD*

–  5/$#*!!:*362(#$%3(%68*?0/$(=*AB*#%*0/8*ED*

•  F2(#'$2*"%#23*;,--*>2*1/,"*3#'&8*1/#2$,/-3*
–  G,--*6%3#2&*/=2/&*%H*-2(#'$23*%"*7IJ#/#2*%"-,"2*

•  K;%*$2(%112"&2&*#2L#>%%M3*
–  N%#*$2O',$2&P*>'#*Q2$8*'32H'-*$23%'$(23*H%$*/&&,)%"/-*$2/&,".*
–  RQ/,-/>-2*H$%1*#=2*S/-2*F,>$/$8*T232$Q2*

•  U%'$*2L/13*?#;%*H%$*2/(=*6/$#D*
–  U2>*ACP*0/$*ACP*R6$,-*V*/"&*0/8*E*&'$,".*-2(#'$2*)12**

*?5-2/32*1/$M*#=232*&/#23WD*

•  4$/&,".*
–  X*EYZ*H$%1*2L/13*/"&*X[YZ*H$%1*=%12;%$M*/33,."12"#3*

C*?(D*@,/"=/"*9=2"*

9%'$32*\Q2$Q,2;*

•  J(%62:*6=83,(/-*6$%62$)23*%H*>,%-%.,(/-*1/($%1%-2('-23*
–  +/3,(*6$,"(,6-23*%H*3#$'(#'$2*/#*1'-)6-2*-2Q2-3*

–  U%('3*%"*#=2*O'/")#/)Q2*/362(#3*
–  K=2%$2)(/-*H$/12;%$M3:*#=2$1%&8"/1,(3P*3#/)3)(/-*12(=/",(3*

–  5=83,(/-*>,%(=21,3#$8:*1%-2('-/$*,"#2$/()%"3*/"&*,"#2$/()%"3*%H*
1/($%1%-2('-23*;,#=*2"Q,$%"12"#3*

–  *]L62$,12"#/-*#2(=",O'23*#%*12/3'$2*(2$#/,"*6$%62$)23P*;=,(=*(/"*>2*
#=2"*'32&*#%*,"H2$*/>%'#*#=2*3#$'(#'$/-*%$./",^/)%"3*

•  U%$*#=,3*(%'$32*
–  ]16=/3,^2*/*O'/-,#/)Q2*'"&2$3#/"&,".*%H*#=2*O'/")#/)Q2*"/#'$2*

–  +',-&*/"*/66$2(,/)%"*%H*3#$'(#'$/-*(%16-2L,#8*/"&*6$,"(,6-23*%H*
#=2%$2)(/-*/"&*2L62$,12"#/-*3#'&,23*%H*1%-2('-/$*3#$'(#'$23**

–  !"*5/$#*!!P*/*3'$Q28*%H*>/3,(*/"&*6$/()(/-*6$,"(,6-23*%H*(%11%"*
362(#$%3(%6,(*#2(=",O'23*H%$*3#'&8,".*1%-2('-/$*3#$'(#'$23*

[*?(D*@,/"=/"*9=2"*

K2"#/)Q2*K%6,(3*

!"#$%&:*5=83,(/-*6$,"(,6-23*%H*>,%1%-2('-/$*3#$'(#'$2*/"&*&8"/1,(3*

•  !"#$%&'()%"*#%*>,%-%.,(/-*1/($%1%-2('-23*

•  9-/33,(/-*/"&*3#/)3)(/-*#=2$1%&8"/1,(3_*K=2$1%(=21,3#$8*

•  0%-2('-/$*,"#2$/()%"3*/"&*>,%1%-2('-/$*3#$'(#'$23_*9%16'#2$*1%&2-,".*
•  J,^2*/"&*3=/62*%H*1/($%1%-2('-23:*`,a'3,%"*/"&*-,.=#*3(/b2$,".*

!"#$%':*K2(=",O'23*H%$*3#'&8,".*>,%1%-2('-/$*3#$'(#'$2*/"&*&8"/1,(3*

•  R>3%$6)%"*362(#$%3(%68*?!TP*cdD*

•  U-'%$23(2"(2*362(#$%3(%68*
•  9,$('-/$*&,(=$%,31*?9`D*362(#$%3(%68*

•  N'(-2/$*1/."2)(*$23%"/"(2*?N0TD*362(#$%3(%68*

•  eI$/8*($83#/--%.$/6=8*

•  0/33*362(#$%3(%68**

f*?(D*@,/"=/"*9=2"*



()*+),*-%(.%/,(0(1,230%
432+(4(0*250*6%

K%6,(*A*

Reference: Chapter 1 of van Holde 

B*?(D*@,/"=/"*9=2"*

+,%-%.,(/-*0/($%1%-2('-23*

•  R#%1:*31/--23#*'",#*%H*/"*2-212"#*?9P*NP*\P*S*2#(D*

•  0%-2('-2:*31/--23#*'",#*%H*/"*(%16%3,#2*?SC\P*9\CP*9gSg*2#(D*
•  0/($%1%-2('-2:*/*-/$.2*1%-2('-2*

–  J1/--23#*1%-2('-2:*SC*

–  F/$.23#*1%-2('-23:*`NR3*?#2"3*%H*>,--,%"3*%H*/#%13WD*

•  +,%-%.,(/-*1/($%1%-2('-2:*/*-/$.2*/"&*(%16-2L*1%-2('-2*;,#=*
362(,h(*>,%-%.,(/-*H'"()%"3*
–  K86,(/--8*>,%6%-812$3:*1%"%12$3P*%-,.%12$3*

–  S,2$/$(=,(/-*3#$'(#'$23*
•  5$,1/$8*?A%D:*32O'2"(2*%H*1%"%12$3*?3'./$P*/1,"%*/(,&P*"'(-2,*/(,&P*2#(D**

•  J2(%"&/$8*?C%D:*-%(/-*$2.'-/$*3#$'(#'$23*?/-6=/*=2-,LP*2(#D*
•  K2$)/$8*?[%D:*.-%>/-*[`*H%-&*
•  i'/#2$"/$8*?f%D:*%$./",^/)%"*%H*1'-)6-2*3'>'",#3*?6%-812$3D*,"*/*
H'"()%"/-*(%16-2L**

g*?(D*@,/"=/"*9=2"*

?(D*@,/"=/"*9=2"* E*

J#%,(=,%12#$8*/"&*42%12#$8*

•  J#%,(=,%12#$8:*/#%1,(*(%16%3,)%"*
–  U%$*>,%-%.,(/-*1/($%1%-2('-23:*(%16%3,)%"3*%H*?1%"%12$D*'",#3*

–  T2-/)Q2*2/38*#%*M"%;*
•  42%12#$8:*#=$22I&,12"3,%"/-*3#$'(#'$2*

–  0%$2*(=/--2".,".*#%*&2#2$1,"2P*2362(,/--8*H%$*-/$.2P*j2L,>-2*%"23*

–  5$%#2,"*H%-&,".*6$%>-21*

k*

ethanol 
a.k.a. alcohol, biofuel 

C2H6O 

hemoglobin !2"2 

?(D*@,/"=/"*9=2"*



9%"h.'$/)%"*/"&*9%"H%$1/)%"*

•  9%"h.'$/)%":*/$$/".2*%H*/#%13*/$%'"&*"%"I$%#/)".*>%"&3*%$*
/$%'"&*(=,$/-*(2"#2$3*

•  9%"H%$1/)%":*36/)/-*/$$/".2*/$%'"&*$%#/#/>-2*>%"&3*

V*?(D*@,/"=/"*9=2"*

9=,$/-,#8*,"*+,%-%.8**

•  0%3#*>,%1/($%1%-2('-23**(%"3,3#*%H*(=,$/-*1%"%12$3*

•  !"*>,%-%.8P*#86,(/--8*%"-8*%"2*,3%12$*,3*/()Q2*
–  d,$#'/--8*/--*3'./$3*/$2*`*,3%12$3*

–  0%3#*6$%#2,"3*/$2*1/&2*%H*F*/1,"%*/(,&3*

AY*

L- and D-alanine D- and L-erythrose 

?(D*@,/"=/"*9=2"*

9%"H%$1/)%"lJ#$'#'$2*

•  0/,"-8*&2h"2&*>8*#%$3,%"*/".-23*
–  R-3%*$2H2$$2&*#%*/3*&,=2&$/-*/".-2:*#=2*/".-2*>2#;22"*#;%*.$%'63*%"*

2,#=2$*3,&2*%H*/*H$22-8*$%#/)".*(=21,(/-*>%"&*

–  `2h"2&*>8*H%'$*(%"32(')Q2-8*-,"M2&*/#%13: #?RI+I9I`D*

–  T,.=#I=/"&*$'-2:*6%3,)Q2*32"32*,3*(-%(M;,32*

AA*

A 
B - C 

D 

?(D*@,/"=/"*9=2"*

`2#2$1,"/"#*%H*J#$'(#'$2*

•  5$%>/>,-,#8*%H*%>32$Q,".*/*6/$)('-/$*3#$'(#'$2*?(%"H%$1/)%"D*
,3*&2#2$1,"2&*>8*,#3*3#/>,-,#8*?/3*&2h"2&*>8*#=2*H$22*2"2$.8D*
–  K=2$1%&8"/1,(3*/"&*3#/)3)(/-*12(=/",(3W*

•  K=2*3#/>,-,#8*&262"&3*%"*/*$/".2*%H*H/(#%$3*
–  !"#$/1%-2('-/$*,"#2$/()%"3*

•  +%"&2&:*(=21,(/-*>%"&3P*/".-23P*&,=2&$/-3*2#(*

•  N%">%"&2&:*m;2/Mn*,"#2$/()%"3*
–  9=/$.2&I(=/$.2&P*Q/"*&2$*G//-3*?&,362$3,%"*/"&*$26'-3,%"D*

–  !"#2$1%-2('-/$*,"#2$/()%"3:*"%">%"&2&l;2/M*,"#2$/()%"3*
•  92--'-/$*2"Q,$%"12"#:*3%-Q2"#*?;/#2$DP*121>$/"2P*3/-#P*6S*2#(*

•  R33%(,/)%"*;,#=*%#=2$*>,%1%-2('-23P*31/--*1%-2('-23P*,%"3P*2#(*

•  N%*3,".-2*3#$'(#'$2*,3*!"#$3#$'(#'$2*
–  !#*,3*/--*/>%'#*6$%>/>,-,#8*?3#/)3)(/-*12(=/",(3WD*

–  0%)%"3*/"&*j2L,>,-,#8*/$2*,16%$#/"#*#%%*

AC*?(D*@,/"=/"*9=2"*



G/#2$*

•  J%-Q2"#*%H*-,H2*
•  0/"8*'",O'2*6$%62$)23*

–  0/L,1'1*&2"3,#8*/#*f*%9*
•  !(2*,3*-,.=#2$*#=/"*-,O',&*;/#2$*

–  5%-/$*1%-2('-2*
•  =8&$%.2"*>%"&,".*"2#;%$M*
•  S,.=*362(,h(*=2/#*(/6/(,#8*

•  S8&$%6=%>,(,#8*/"&*=8&$%6=,-,(,#8*
–  J%-'#2*6%-/$,#8*?(/$$8*6/$)/-*(=/$.23*%$*"%#D*
–  J/-#3*?2o.o*N/9-D*&,33%-Q2*,"*;/#2$*$2/&,-8*
–  S8&$%(/$>%"3*?%,-D*&%*"%#*1,L*;,#=*;/#2$*

•  R16=,6/#=,(*1%-2('-23*
–  J2-HI/3321>-8*#%*1,(2--23P*>,%-%.,(/-*121>$/"23*

A[*?(D*@,/"=/"*9=2"*

+,%-%.,(/-*J2-H*R3321>-8*

?(D*@,/"=/"*9=2"* Af*

S,2$/$(=,(/-*\$./",^/)%"*%H*5$%#2,"3*

AB*

AB*Protein G B1 (3gb1)                Myoglobin (1mbc)               tRNA transferase (1mxi)!

Amino Acids                                 Peptides 

  MTYKLILNGK TLKGETTTEA VDAATAEKVF  
  KQYANDNGVD GEWTYDDATK TFTVTE  

backbone 
sidechain 

residue peptide bond 

!-helix              "-strand 

?(D*@,/"=/"*9=2"*

N/#'$/-*R1,"%*R(,&3*

•  R--*!I/1,"%*/(,&3*,"*FI(%"h.'$/)%"*

•  J,&2*(=/,"3*Q/$8***
•  ]332")/-*Q3*"%"I2332")/-*%"23*
•  9%I2L,3#*,"*#;%*H%$13*

–  !%",(*?^;,b2$,%",(*H%$1D*/"&*'",%",^2&*

Ag*?(D*@,/"=/"*9=2"*



?(D*@,/"=/"*9=2"* AE* ?(D*@,/"=/"*9=2"* Ak*

K=$22IF2b2$*/"&*J,".-2IF2b2$*9%&23*

?(D*@,/"=/"*9=2"* AV*

Amino Acid   3-Letter  1-Letter     Amino Acid    3-Letter  1-Letter 

Alanine   Ala   A     Leucine    Leu   L 
Arginine   Arg    R     Lysine    Lys   K 
Asparagine  Asn   N     Methionine   Met   M 
Aspartate  Asp   D     Phenylalanine  Phe  F 
Cysteine  Cys  C     Proline    Pro   P 
Histidine  His   H     Serine    Ser   S 
Isoleucine  Ile   I     Threonine   Thr   T 
Glutamine  Gln   Q     Tryptophan   Trp   W 
Glutamate  Glu   E     Tyrosine   Tyr   Y 
Glycine   Gly   G     Valine    Val   V 

U%-&/>-2*J2O'2"(2*J6/(2*,3*F,1,#2&*

•  S'.2*"'1>2$*%H*6%33,>-2*32O'2"(23:*CYN*

•  \"-8*/*31/--*3'>32#*/$2*2L6-%$2&*,"*>,%-%.8*/"&*1%3#*%H*#=21*
.,Q2*$,32*#%*362(,h(*[`*3#$'(#'$23*'"&2$*#=2*6$%62$*(%"&,)%"3*
–  J2O'2"(2*&2#2$1,"23*3#$'(#'$2*?%$*-/(M*%$*3#$'(#'$2D*

–  5$%#2,"*3#$'(#'$2IH'"()%"*6/$/&,.1:*2"^8123*

–  J%12*32O'2"(23*/$2*m,"#$,"3,(/--8*&,3%$&2$2&nW*K=28*6-/8*6/$)('-/$-8*
,16%$#/"#*$%-23*,"*3,."/-,".*/"&*$2.'-/)%"o*

?(D*@,/"=/"*9=2"* CY*



!16%$#/"#*K%$3,%"3*%H*5$%#2,"3*

•  +/(M>%"2*#%$3,%"3*
–  #:*9?\DINI9pI9?\DD*
–  $:*NI9pI9?\DIN*
–  %:*SINI9?\DI\*

•  0%3#-8*AkY%*?#$/"3D*

•  T/1/(=/"&$/"*6-%#*
–  C`*6-%#*%H*?#,$D*&,3#$,>')%"*
–  R--%;*/33,."12"#*%H*32(%"&/$8*

3#$'(#'$23*

–  J#/)3)(3*%H*M"%;"*6$%#2,"*
3#$'(#'$23*$2Q2/-*(%11%"*$2.,%"3*
%H*?#,$D*&,3#$,>')%"3*

–  R"*,16%$#/"#*;/8*%H*3#$'(#'$/-*
2Q/-'/)%"*

?(D*@,/"=/"*9=2"* CA*

C 
 || 

O 
 | 

H 

J2(%"&/$8*J#$'(#'$23*%H*5$%#2,"3*

•  !I=2-,L:*?,P,qfD*=8&$%.2"*>%"&3P*[og*$23,&'23lBof*r*62$*#'$"P*
?#,$D*X*?IBBsP*IBYsD*

?(D*@,/"=/"*9=2"* CC*

J2(%"&/$8*J#$'(#'$23*%H*5$%#2,"3*

•  "I3#$/"&3:*#$/"3I*>/(M>%"2*#%$3,%"3P*1'-)6-2*=8&$%.2"*>%"&3P*
?tP*uD*X*?vA[BsP*A[BsD**

?(D*@,/"=/"*9=2"* C[*

K2$)/$8*/"&**i'/#2$"/$8*J#$'(#'$23*

?(D*@,/"=/"*9=2"* Cf*

p13 protein from GB virus-B Structure of the L-A virus Capsid 



?(D*@,/"=/"*9=2"* CB*

http://www.bmb.uga.edu/wampler/tutorial/prot2.html 

5$%#2,"*9%"#/(#*0/6*

•  R*3,16-2*;/8*%H*$26$232")".*6$%#2,"*H%-&3*

?(D*@,/"=/"*9=2"* Cg*

N'(-2,*R(,&3*

•  5%-812$*%H*"'(-2%)&23:*=,.=-8*j2L,>-2*?(%16/$2&*#%*626)&23D*

•  `2%L8$,>%"'(-2,(*/(,&*?`NRD:*Rl4l9lK*
•  T,>%"'(-2,*/(,&*?TNRD:*Rl4l9lc*

?(D*@,/"=/"*9=2"* CE*

nucleotide         nucleobase 

G/#3%"I9$,(M*+/32*5/,$3*

•  4I9*/"&*RIK?cD*
•  `NR*/-1%3#*2L(-'3,Q2-8*2L,3#*

/3*&'6-2L*=2-&*#%.2#=2$*>8*
H%$1,".*G/#3%"I9$,(M*>/32*
6/,$3*

•  R*$%>'3#*12(=/",31*H%$*
H/,#=H'-*$26-,(/)%"*/"&*
#$/"3-/)%"*

•  \#=2$*6/,$,".3*6%33,>-2*>'#*
1%3#-8*,"*TNR*#%*.,Q2*$,32*#%*
"%"I#$,Q,/-*3#$'(#'$23*

?(D*@,/"=/"*9=2"* Ck*

(Uridine) 



S2-,(/-*J#$'(#'$23*%H*`NR*?TNRD*

•  U/1%'3*`NR*&%'>-2*=2-,L:*3#/(M,".*%H*>/32*6/,$3P*1,"%$l1/<%$*
.$%Q23P*6%-81%$6=,(*?=8&$/)%"*&262"&2"#D*

?(D*@,/"=/"*9=2"* CV*
A-DNA      B-DNA         Z-DNA 

K2$)/$8*J#$'(#'$2*%H*TNR*

•  J,".-2I3#$/"&*TNR*%w2"*H%-&*,"#%*#2$)/$8*3#$'(#'$23*

?(D*@,/"=/"*9=2"* [Y*

Anticodon loop 

Anticodon stem 

T arm 

D arm 

Acceptor stem 

CCA tail 

#TNR*FI3#$'(#'$2*

(to amino acids) 

T,>%3%12:*#=2*5$%#2,"*U/(#%$8*

•  5$%M/$8%)(*$,>%3%12*(%"3,3#3*%H*fC*6$%#2,"3*?X[BZ*;2,.=#D*
/"&*[*$,>%3%1/-*TNR3*?$TNRD*?XgBZ*;2,.=#D*/"&*12/3'$23*
/>%'#*CYY*r*/($%33o*

?(D*@,/"=/"*9=2"* [A*

Proteins shown in blue and RNA 
strands in orange and yellow. 

50S 30S 

U'"()%"/-*0%)%"3*%H*T,>%3%12*

?(D*@,/"=/"*9=2"* [C*

K/1/*2#*/-o*5$%(*N/#*R(/&*J(,P*&77%V[AV*?CYY[Do*

mK=,3*1%Q,2*&26,(#3*/*$/#(=2#I-,M2*
$2/$$/".212"#*%H*#=2*EYJ*
$,>%3%12o*K=2*$%#/)%"*%H*#=2*[YJ*
$,>%3%1/-*3'>'",#*$2-/)Q2*#%*#=2*
BYJ*3'>'",#*3=%;3*=,.=*
(%$$236%"&2"(2*#%*1%)%"*
(/6#'$2&*,"*($8%I]0*1/63*%H*#=2*
$,>%3%12*/"&*6%3#'-/#2&*#%*>2*/*
M28*12(=/",(/-*3#26*,"*#=2*
#$/"3-%(/)%"*%H*#=2*1TNRx#TNR3*
(%16-2Lo*m*

http://brooks.chem.lsa.umich.edu/ 


