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

•! 9%'$32*32#'6*
–! :;%*6/$#3<*=!>*6?83,(/-*@,%(?21,3#$8*/"&*=!!>*362(#$%3(%68*

–! 5/$#*!<*A$%1*B/"*CD*#%*0/$*EF*@8*B,/"?/"*9?2"*

•! G2(#'$2*"%#23*;,--*@2*1/,"*3#'&8*1/#2$,/-3*

•! :2H#@%%I3<**
–! #;%*$2(%112"&2&*

–! "%#*$2J',$2&F*@'#*K2$8*'32A'-*$23%'$(23*A%$*/&&,)%"/-*$2/&,".*

–! LK/,-/@-2*A$%1*#?2*M/-2*G,@$/$8*N232$K2*

•! :;%*2H/13*A$%1*5/$#*!*
–! O2@*P*/"&*0/$*E*&'$,".*-2(#'$2*)12*=0/$I*#?232*&/#23Q>*

•! 4$/&,".*
–! +%#?*6/$#3*(%"#$,@'#2*2J'/--8*

–! 5/$#*!<*R*STU*A$%1*2H/13*/"&*RVTU*A$%1*?%12;%$I3*

W*=(>*B,/"?/"*9?2"*

9%'$32*XK2$K,2;*

•! Y(%62<*6?83,(/-*6$%62$)23*%A*@,%-%.,(/-*1/($%1%-2('-23*
–! +/3,(*6$,"(,6-23*%A*3#$'(#'$2*/#*1'-)6-2*-2K2-3*

–! O%('3*%"*#?2*J'/")#/)K2*/362(#3*

–! :?2%$2)(/-*A$/12;%$I3<*#?2$1%&8"/1,(3F*3#/)3)(/-*12(?/",(3*

–! 5?83,(/-*@,%(?21,3#$8<*1%-2('-/$*,"#2$/()%"3*/"&*,"#2$/()%"3*%A*
1/($%1%-2('-23*;,#?*2"K,$%"12"#3*

–! *ZH62$,12"#/-*#2(?",J'23*#%*12/3'$2*(2$#/,"*6$%62$)23F*;?,(?*(/"*@2*
#?2"*'32&*#%*,"A2$*/@%'#*#?2*3#$'(#'$/-*%$./",[/)%"3*

•! O%$*#?,3*(%'$32*
–! Z16?/3,[2*/*J'/-,#/)K2*'"&2$3#/"&,".*%A*#?2*J'/")#/)K2*"/#'$2*

–! +',-&*/"*/66$2(,/)%"*%A*3#$'(#'$/-*(%16-2H,#8*/"&*6$,"(,6-23*%A*
#?2%$2)(/-*/"&*2H62$,12"#/-*3#'&,23*%A*1%-2('-/$*3#$'(#'$23**

–! !"*5/$#*!!F*/*3'$K28*%A*@/3,(*/"&*6$/()(/-*6$,"(,6-23*%A*(%11%"*
362(#$%3(%6,(*#2(?",J'23*A%$*3#'&8,".*1%-2('-/$*3#$'(#'$23*

V*=(>*B,/"?/"*9?2"*

:2"#/)K2*:%6,(3*

•! XK2$K,2;*%A*1/($%1%-2('-/$*3#$'(#'$2*=C\W*-2(#'$23>*

•! :?2$1%&8"/1,(3*=]\D*-2(#'$23>*

•! Y#/)3)(/-*02(?/",(3*=V\]*-2(#'$23>*

•! 0%-2('-/$*,"#2$/()%"3*=V*-2(#'$23>*

•! 0%-2('-/$*1%)%"*/"&*#$/"36%$#*=V*-2(#'$23>*

•! 9%16'#2$*1%&2-,".*=V*-2(#'$23>*

•! !"#2$\1%-2('-/$*,"#2$/()%"3*=V*-2(#'$23>*

]*=(>*B,/"?/"*9?2"*



!"#$"%#&'!(')%!*!+%,-*'

.-,$!.!*#,/*#0'

:%6,(*C*

Reference: Chapter 1 of van Holde 

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

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

•! L#%1<*31/--23#*'",#*%A*/"*2-212"#*=9F*^F*XF*M*2#(>*

•! 0%-2('-2<*31/--23#*'",#*%A*/"*(%16%3,#2*=MWXF*9XWF*9EME*2#(>*

•! 0/($%1%-2('-2<*/*-/$.2*1%-2('-2*
–! Y1/--23#*1%-2('-2<*MW*

–! G/$.23#*1%-2('-23<*_^L3*=#2"3*%A*@,--,%"3*%A*/#%13Q>*

•! +,%-%.,(/-*1/($%1%-2('-2<*/*-/$.2*/"&*(%16-2H*1%-2('-2*;,#?*
362(,`(*@,%-%.,(/-*A'"()%"3*
–! :86,(/--8*@,%6%-812$3<*1%"%12$3F*%-,.%12$3*

–! M,2$/$(?,(/-*3#$'(#'$23*
•! 5$,1/$8*=C%><*32J'2"(2*%A*1%"%12$3*=3'./$F*/1,"%*/(,&F*"'(-2,*/(,&F*2#(>**

•! Y2(%"&/$8*=W%><*-%(/-*$2.'-/$*3#$'(#'$23*=/-6?/*?2-,HF*2(#>*

•! :2$)/$8*=V%><*.-%@/-*V_*A%-&*

•! a'/#2$"/$8*=]%><*%$./",[/)%"*%A*1'-)6-2*3'@'",#3*=6%-812$3>*,"*/*
A'"()%"/-*(%16-2H**

E*=(>*B,/"?/"*9?2"*

=(>*B,/"?/"*9?2"* S*

Y#%,(?,%12#$8*/"&*42%12#$8*

•! Y#%,(?,%12#$8<*/#%1,(*(%16%3,)%"*
–! O%$*@,%-%.,(/-*1/($%1%-2('-23<*(%16%3,)%"3*%A*=1%"%12$>*'",#3*

–! N2-/)K2*2/38*#%*I"%;*

•! 42%12#$8<*#?$22\&,12"3,%"/-*3#$'(#'$2*
–! 0%$2*(?/--2".,".*#%*&2#2$1,"2F*2362(,/--8*A%$*-/$.2F*b2H,@-2*%"23*

–! 5$%#2,"*A%-&,".*6$%@-21*

c*

ethanol 

a.k.a. alcohol, biofuel 
C2H6O 

hemoglobin !2"2 

=(>*B,/"?/"*9?2"*



9%"`.'$/)%"*/"&*9%"A%$1/)%"*

•! 9%"`.'$/)%"<*/$$/".2*%A*/#%13*/$%'"&*"%"\$%#/)".*@%"&3*%$*
/$%'"&*(?,$/-*(2"#2$3*

•! 9%"A%$1/)%"<*36/)/-*/$$/".2*/$%'"&*$%#/#/@-2*@%"&3*

P*=(>*B,/"?/"*9?2"*

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

•! 0%3#*@,%1/($%1%-2('-23**(%"3,3#*%A*(?,$/-*1%"%12$3*

•! !"*@,%-%.8F*#86,(/--8*%"-8*%"2*,3%12$*,3*/()K2*
–! d,$#'/--8*/--*3'./$3*/$2*_*,3%12$3*

–! 0%3#*6$%#2,"3*/$2*1/&2*%A*G*/1,"%*/(,&3*

CT*

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

=(>*B,/"?/"*9?2"*

9%"A%$1/)%"eY#$'#'$2*

•! 0/,"-8*&2`"2&*@8*#%$3,%"*/".-23*
–! L-3%*$2A2$$2&*#%*/3*&,?2&$/-*/".-2<*#?2*/".-2*@2#;22"*#;%*.$%'63*%"*

2,#?2$*3,&2*%A*/*A$22-8*$%#/)".*(?21,(/-*@%"&*

–! _2`"2&*@8*A%'$*(%"32(')K2-8*-,"I2&*/#%13< #=L\+\9\_>*

–! N,.?#\?/"&*$'-2<*6%3,)K2*32"32*,3*(-%(I;,32*

CC*

A 

B - C 

D 

=(>*B,/"?/"*9?2"*

_2#2$1,"/"#*%A*Y#$'(#'$2*

•! 5$%@/@,-,#8*%A*%@32$K,".*/*6/$)('-/$*3#$'(#'$2*=(%"A%$1/)%">*
,3*&2#2$1,"2&*@8*,#3*3#/@,-,#8*=/3*&2`"2&*@8*#?2*A$22*2"2$.8>*
–! :?2$1%&8"/1,(3*/"&*3#/)3)(/-*12(?/",(3Q*

•! :?2*3#/@,-,#8*&262"&3*%"*/*$/".2*%A*A/(#%$3*
–! !"#$/1%-2('-/$*,"#2$/()%"3*

•! +%"&2&<*(?21,(/-*@%"&3F*/".-23F*&,?2&$/-3*2#(*

•! ^%"@%"&2&<*f;2/Ig*,"#2$/()%"3*

–! 9?/$.2&\(?/$.2&F*K/"*&2$*h//-3*=&,362$3,%"*/"&*$26'-3,%">*

–! !"#2$1%-2('-/$*,"#2$/()%"3<*"%"@%"&2&e;2/I*,"#2$/()%"3*
•! 92--'-/$*2"K,$%"12"#<*3%-K2"#*=;/#2$>F*121@$/"2F*3/-#F*6M*2#(*

•! L33%(,/)%"*;,#?*%#?2$*@,%1%-2('-23F*31/--*1%-2('-23F*,%"3F*2#(*

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

–! 0%)%"3*/"&*b2H,@,-,#8*/$2*,16%$#/"#*#%%*

CW*=(>*B,/"?/"*9?2"*



h/#2$*

•! Y%-K2"#*%A*-,A2*

•! 0/"8*'",J'2*6$%62$)23*
–! 0/H,1'1*&2"3,#8*/#*]*%9*

•! !(2*,3*-,.?#2$*#?/"*-,J',&*;/#2$*

–! 5%-/$*1%-2('-2*

•! ?8&$%.2"*@%"&,".*"2#;%$I*

•! M,.?*362(,`(*?2/#*(/6/(,#8*

•! M8&$%6?%@,(,#8*/"&*?8&$%6?,-,(,#8*
–! Y%-'#2*6%-/$,#8*=(/$$8*6/$)/-*(?/$.23*%$*"%#>*

–! Y/-#3*=2i.i*^/9->*&,33%-K2*,"*;/#2$*$2/&,-8*

–! M8&$%(/$@%"3*=%,->*&%*"%#*1,H*;,#?*;/#2$*

•! L16?,6/#?,(*1%-2('-23*
–! Y2-A\/3321@-8*#%*1,(2--23F*@,%-%.,(/-*121@$/"23*

CV*=(>*B,/"?/"*9?2"*

M,2$/$(?,(/-*X$./",[/)%"*%A*5$%#2,"3*

C]*

C]*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 

=(>*B,/"?/"*9?2"*

^/#'$/-*L1,"%*L(,&3*

•! L--*!\/1,"%*/(,&3*,"*G\(%"`.'$/)%"*

•! Z332")/-*K3*"%"\2332")/-*%"23*

•! 9%\2H,3#*,"*#;%*A%$13*
–! !%",(*=[;,j2$,%",(*A%$1>*/"&*'",%",[2&*

•! Y,&2*(?/,"3*K/$8***

CD*=(>*B,/"?/"*9?2"* =(>*B,/"?/"*9?2"* CE*



=(>*B,/"?/"*9?2"* CS*

:?$22\G2j2$*/"&*Y,".-2\G2j2$*9%&23*

=(>*B,/"?/"*9?2"* Cc*

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 

O%-&/@-2*Y2J'2"(2*Y6/(2*,3*G,1,#2&*

•! M'.2*"'1@2$*%A*6%33,@-2*32J'2"(23<*WT^*

•! X"-8*/*31/--*3'@32#*/$2*2H6-%$2&*,"*@,%-%.8*/"&*1%3#*%A*#?21*
.,K2*$,32*#%*362(,`(*V_*3#$'(#'$23*'"&2$*#?2*6$%62$*(%"&,)%"3*
–! Y2J'2"(2*&2#2$1,"23*3#$'(#'$2*=%$*-/(I*%$*3#$'(#'$2>*

–! 5$%#2,"*3#$'(#'$2\A'"()%"*6/$/&,.1<*2"[8123*

–! Y%12*32J'2"(23*/$2*f,"#$,"3,(/--8*&,3%$&2$2&gQ*:?28*6-/8*K2$8*
,16%$#/"#*$%-23*,"*3,."/-,".*/"&*$2.'-/)%"i*

=(>*B,/"?/"*9?2"* CP*

!16%$#/"#*:%$3,%"3*%A*5$%#2,"3*

•! +/(I@%"2*#%$3,%"3*
–! #<*9=X>\^\9k\9=X>>*

–! $<*^\9k\9=X>\^*

–! %<*M\^\9=X>\X*

•! 0%3#-8*CcT%*=#$/"3>*

•! N/1/(?/"&$/"*6-%#*
–! W_*6-%#*%A*=#,$>*&,3#$,@')%"*

–! L--%;*/33,."12"#*%A*32(%"&/$8*
3#$'(#'$23*

–! Y#/)3)(3*%A*I"%;"*6$%#2,"*
3#$'(#'$23*$2K2/-*(%11%"*$2.,%"3*
%A*=#,$>*&,3#$,@')%"3*

–! L"*,16%$#/"#*;/8*%A*3#$'(#'$/-*
2K/-'/)%"*

=(>*B,/"?/"*9?2"* WT*



Y2(%"&/$8*Y#$'(#'$23*%A*5$%#2,"3*

•! !\?2-,H<*=,F,l]>*?8&$%.2"*@%"&3F*ViE*$23,&'23eCic*m*62$*#'$"*

=(>*B,/"?/"*9?2"* WC*

Y2(%"&/$8*Y#$'(#'$23*%A*5$%#2,"3*

•! "\3#$/"&3<*#$/"3\*@/(I@%"2*#%$3,%"3F*1'-)6-2*?8&$%.2"*@%"&3*

=(>*B,/"?/"*9?2"* WW*

:2$)/$8*/"&**a'/#2$"/$8*Y#$'(#'$23*

=(>*B,/"?/"*9?2"* WV*

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

9%"#/(#*0/6*

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

=(>*B,/"?/"*9?2"* W]*



^'(-2,*L(,&3*

•! 5%-812$*%A*"'(-2%)&23<*?,.?-8*b2H,@-2*=(%16/$2&*#%*626)&23>*

•! _2%H8$,@%"'(-2,(*/(,&*=_^L><*Le4e9e:*

•! N,@%"'(-2,*/(,&*=N^L><*Le4e9en*

=(>*B,/"?/"*9?2"* WD*

nucleotide         nucleobase 

h/#3%"\9$,(I*+/32*5/,$3*

•! 4\9*/"&*L\:=n>*

•! _^L*/-1%3#*2H(-'3,K2-8*2H,3#*
/3*&'6-2H*?2-&*#%.2#?2$*@8*
A%$1,".*h/#3%"\9$,(I*@/32*
6/,$3*

•! L*$%@'3#*12(?/",31*A%$*
A/,#?A'-*$26-,(/)%"*/"&*
#$/"3-/)%"*

•! X#?2$*6/,$,".3*6%33,@-2*@'#*
1%3#-8*,"*N^L*#%*.,K2*$,32*#%*
"%"\#$,K,/-*3#$'(#'$23*

=(>*B,/"?/"*9?2"* WE*

(Uridine) 

M2-,(/-*Y#$'(#'$23*%A*_^L*=N^L>*

•! O/1%'3*_^L*&%'@-2*?2-,H<*3#/(I,".*%A*@/32*6/,$3F*1,"%$e1/o%$*
.$%K23F*6%-81%$6?,(*=?8&$/)%"*&262"&2"#>*

=(>*B,/"?/"*9?2"* WS*

A-DNA      B-DNA         Z-DNA 

:2$)/$8*Y#$'(#'$2*%A*N^L*

•! Y,".-2\3#$/"&*N^L*%p2"*A%-&*,"#%*#2$)/$8*3#$'(#'$23*

=(>*B,/"?/"*9?2"* Wc*

Anticodon loop 

Anticodon stem 

T arm 

D arm 

Acceptor stem 

CCA tail 

#N^L*G\3#$'(#'$2*

(to amino acids) 



N,@%3%12<*#?2*5$%#2,"*O/(#%$8*

•! 5$%I/$8%)(*$,@%3%12*(%"3,3#3*%A*]W*6$%#2,"3*=RVDU*;2,.?#>*
/"&*V*$,@%3%1/-*N^L3*=$N^L>*=REDU*;2,.?#>*/"&*12/3'$23*
/@%'#*WTT*m*/($%33i*

=(>*B,/"?/"*9?2"* WP*

Proteins shown in blue and RNA 

strands in orange and yellow. 

50S 30S 

O'"()%"/-*0%)%"3*%A*N,@%3%12*

=(>*B,/"?/"*9?2"* VT*

:/1/*2#*/-i*5$%(*^/#*L(/&*Y(,F*122'PVCP*=WTTV>i*

f:?,3*1%K,2*&26,(#3*/*$/#(?2#\-,I2*
$2/$$/".212"#*%A*#?2*STY*
$,@%3%12i*:?2*$%#/)%"*%A*#?2*VTY*
$,@%3%1/-*3'@'",#*$2-/)K2*#%*#?2*
DTY*3'@'",#*3?%;3*?,.?*
(%$$236%"&2"(2*#%*1%)%"*
(/6#'$2&*,"*($8%\Z0*1/63*%A*#?2*
$,@%3%12*/"&*6%3#'-/#2&*#%*@2*/*
I28*12(?/",(/-*3#26*,"*#?2*
#$/"3-%(/)%"*%A*#?2*1N^Lq#N^L3*
(%16-2Hi*f*

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

M%12;%$I*L33,."12"#*C*

•! Ci*?/"&*&$/;*#?2*@/(I@%"2*(%"A%$1/)%"*%A*L-/","2*
_,626)&2*,"*=C>*$,.?#\?/"&*?2-H*=6?,F63,>r=\ETF\ET>*/"&*=W>*-2p\
?/"&*?2-,H*=lETF*ET>*

•! Wi*?/"&*&$/;*/*3(?21/)(*(%"#/(#*1/6*%A*#?2*A%--%;,".*@2#/\
3?22#*6$%#2,"*A%-&i*

=(>*B,/"?/"*9?2"* VC*

8       13   30 

1     20      23 


