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2010 K-State GROW Summer Workshop!
01%'-.,$

•  H$:,=84<I=$.&&
–  C#-"<&>=,J-%=+&-(:4+&
–  7%=&>(&#,(&

•  C#<J3,=4$8.&
–  7%#:&"-&#&+,=:("$&A=*(<4*(K&
–  L,=:("$&-:,4<:4,(.&>%5&":&"-&$(<(--#,5&B=,&B4$<I=$K&
–  7%5&#,(&A=I=$-&=B&+,=:("$-&"A+=,:#$:K&
–  7%#:&"-&<=A+4:(,&A=8(*"$3K&
–  )=>&:=&B=*8&6=,&4$B=*89&#&+,=:("$&6:=&":-&$#IG(&-:,4<:4,(9K&

•  )#$8M=$&#<IG"I(-.&
–  N"-4#*"O#I=$&#$8&#$#*5-"-&=B&+,=:("$&-:,4<:4,(-&
–  N"-4#*&#$#*5-"-&=B&+,=:("$&85$#A"<-&6A=I=$-9&
–  P=*8"$3&=B&#&-A#**&+,=:("$.&G"-4#*&#$#*5-"-&=B&B=*8"$3&A(<%#$"-A&
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3!

7%=&#A&H.&#&<=A+4:#I=$#*&1"=+%5-"<"-:&B,=A&C"=<%(A"-:,5&/(+#,:A($:&

2+"%,-.3$

4!

QRR&A"**"=$&S&

Myosin:!
(molecular muscle)!



4%"53$

•  TU:=AT&A(#$-&T4$#1*(&:=&1(&8"G"8(8V&

•  P",-:&+,=+=-(8&15&#$&#$<"($:&2,((J&
+%"*=-=+%(,W&/(A=J,":=-&6X&C0'0&YRR90&

•  EA#**(-:&4$":&=B&#$&(*(A($:&:%#:&
,(:#"$-&":-&<%(A"<#*&+,=+(,I(-0&
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STM image of a 40-nm logo of NIST !
made with cobalt atoms, Science, 2004!

•  )=>&-A#**.&>("3%:&X&QRMZ[&J3&>":%&#&,#8"4-&X&QRMQR&A&6Q&\9&

]#<%&8,=+*(:&=B&>#:(,&<=$:#"$-&
#1=4:&QRZQ&#:=A-^&

HB&8"G"8(8&#A=$3&#**&+(=+*(&=$&
(#,:%&6_0`&1"**"=$9W&(#<%&+(,-=$&
>"**&,(<("G(&#1=4:&#&QRR&1"**"=$&
#:=A-^&&&

6"',71',3$

•  EA#**(-:&4$":-&=B&+4,(&-41-:#$<(&

•  '=$-"-:&=B&#:=A-&a="$:&:=3(:%(,&15&<%(A"<#*&1=$8-&

•  '=A(&"$&#**&-"O(-&#$8&-%#+(-^&
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H2O:!

O2: Oxygen molecule!

2+"%,-.$6"',71',3$

•  b#,3(&1"=*=3"<#*&A=*(<4*(-&:%#$&A#"$*5&<=$-"-:&=B&
%58,=3($-W&<#,1=$-&#$8&$":,=3($-&

•  L=*5A(,-&=B&#A"$=&#<"8-&

•  ;=-:&#14$8#$:&=,3#$"<&<%(A"<#*-&"$&:%(&1=85&
–  YRc&=B&1=85d-&8,5&>("3%:&#$8&QYc&=B&<(**&<=$:($:&

•  ',"I<#*&"$&14"*8"$3&#$8&A#"$:($#$<(&=B&:%(&1=85&
–  ($O5A(-W&A=I=$W&:,#$-+=,:W&-:,4<:4,(W&,(34*#I=$W&
+,=:(<I=$&e0&

7!

backbone 
sidechain 

!"#$8-9$)+,$*+"%,-.3/$

•  U1=4:&fRR&#A"$=&#<"8-&=$&#G(,#3(&
–  @"I$&6<=$$(<I$9.&*#,3(-:&+,=:("$&>":%&fgWfYR&,(-"84(-&

•  '=$-"-:&=B&%4$8,(8-&=B&4+&:=&h&A"**"=$&#:=A-&

•  U1=4:&-(G(,#*&$#$=A(:(,-&=$&#G(,#3(&6$#$=&+#,I<*(-^9&&&&
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L,=:("$&2&CQ&6L/C.&QL2C9&
Y_&,(-"84(-W&gf_&#:=A-&

i#8"4-&X&Z0Y&$A&

)HNMQ&L,=:(#-(&6L/C.&Z)Cf9&
Qj`&,(-"84(-W&QY`Z&#:=A-&

i#8"4-&X&Y&$A&



$2+"%,-.$-3$:%+17%1+,($

•  )"(,#,<%"<#*&=,3#$"O#I=$-&
–  L,"A#,5W&-(<=$8#,5W&:(,I#,5W&
k4#:(,$#,5&-:,4<:4,(-&
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!;!,'-<$).($";:=,,%$
•  @>=&=B&:%(&1#-"<&-(<=$8#,5&-:,4<:4,(-&=B&+,=:("$-&
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!-helix              "-strand!

2+"%,-.$:%+17%1+,$).($>1.7?".$
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MTYKLILNGK
TLKGETTTEA
VDAATAEKVF
KQYANDNGV
DGEWTYDDA
TKTFTVTE …  

•  !"#$%"$#&'()*+,-.%/(01234(56#&78(
•  9#,"*.+(/"#$%"$#*(:#*;.%".,+/(
•  !"#$%"$#*6<&/*;(0#&".,+&'8(;#$=(;./%,>*#7(
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'($:,#*&/#:#1#-(&=B&L,=:("$&E:,4<:4,(-.&%l+.mm>>>0+810=,3&



EI<J- & & & & &'LD&&
61=$8-9&

N/7 & & & & &'#,:==$
& & &&

@-31)'-A-.9$2+"%,-.$:%+17%1+,$
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B<,+7-3,$CD$@-31)'-A)?".$13-.9$@6E$

•  E=n>#,(.&N;/&6N"-4#*&;=*(<4*#,&/5$#A"<-9&

•  @>=&+,=:("$&A=*(<4*(-&
–  CQ&8=A#"$&=B&+,=:("$&2&6Q+310+819&

–  )HNMQ&L,=:(#-(&6Z%1f0+819&
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L,=:("$&2&CQ&6L/C.&QL2C9&
Y_&,(-"84(-W&gf_&#:=A-&

i#8"4-&X&Z0Y&$A&

)HNMQ&L,=:(#-(&6L/C.&Z)Cf9&
Qj`&,(-"84(-W&QY`Z&#:=A-&

i#8"4-&X&Y&$A&

E,%)-',($F.3%+17?".$GC*98H*(8I$

1.  Double click to open software VMD (three windows will pop up)!
2.  Click “File” on the VMD Main window, and select “New Molecule” from the 

pull-down menu (a Molecule File Brower window will pop up)!
3.  Click Browse button on the Molecular File Browser (a Windows file explorer 

window will pop up)!
4.  Navigate to find the file “1PGB.pdb”  (located within folder “exercise1” in the 

“folding” folder on your Desktop); Select “1PGB.pdb” and open it by clicking on 
“Open” button (file explorer window will disappear)!

5.  Back to the Molecular File Browser window, click on “Load” button (a protein 
molecule will show up in your VMD 1.8.6 OpenGL Display window). You should 
be able to drag to rotate the molecule.!

6.  To change the drawing method, click “Graphics” and select “Representations” on 
the pull-down menu (a Graphical Representation window will pop up)!

7.  Within Graphical Representation window, click the triangle button below the 
“Drawing Method”  and select the desired method (such as “New Cartoon”) from 
the pull-down menu to change drawing method!

8.  One can also change the coloring method from the pull-down menu by clicking 
on the triangle button below “Coloring Method” (such as “Secondary Structure”)!

15!o.&&&'#$&5=4&<=4$:&%=>&A#$5&%(*"<(-&#$8&1(:#&-:,#$8-&QL2C&%#G(K&

E,%)-',($F.3%+17?".$G7".%HI$

1.  Exit VMD and re-open VMD!
2.  Repeat the operations to open “2HB3.pdb”!
3.  Repeat the operations to try different drawing and coloring methods !
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o.&&&'#$&5=4&<=4$:&%=>&A#$5&%(*"<(-&#$8&1(:#&-:,#$8-&Z)Cf&%#G(K&

Loading a previously saved VMD state file (e.g, view_2hb3.vmd):!

1.  Exit VMD and re-open VMD!
2.  Click “File” on the VMD Main window, and select “Load State” from the pull-

down menu (a Windows File explorer window will pop up)!
3.  Navigate to find the file “view_2hb3.pdb”  (located within folder “exercise1” in 

the “folding” folder on your Desktop); Select the file and open it by clicking on 
“Open” button (file explorer window will disappear, and VMD start loading and 
drawing the protein using the options specified in the state file)!

4.  Does any of the two state files show the proteins in ways that you have not 
already explored earlier during the exercise? !
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2+"%,-.$EJ.)5-73$).($>1.7?".$

Movie Credits: 
DHFR:  http://chem-faculty.ucsd.edu/kraut/dhfr.html 
GroEL:  http://people.cryst.bbk.ac.uk/~ubcg16z/cpn/elmovies.html 

DHFR Catalysis Cycle           GroEL ATPase Cycle 

K,)%=,+$>"+,7)3%$
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•  /#:#&<=**(<I=$.&=1-(,G#I=$&-:#I=$-W&,#8#,W&
#",<,#nW&1#**==$W&-#:(**":(-&e&

•  '=A+4:(,&-"A4*#I=$.&+%5-"<-&=B&p4"8&85$#A"<-&
•  q4:+4:&#$#*5-"-.&-:#I-I<-W&"$:(,+,(:#I=$&

6"',71')+$EJ.)5-73$:-51')?".3$

(c) Jianhan Chen! 19!

Channel-forming peptides  
in a fully solvated membrane bilayer; 

Channel: 1795 atoms; All: 26254 atoms 

Ab initio folding of a designed mini-
protein Trp-Cage in implicit solvent 

(System size: 304 atoms) 

B<,+7-3,$LD$@-31)'$).)'J3-3$"&$*+"%,-.$(J.)5-73$

•  E((&8",(<:=,5&r(s(,<"-(ZV&
–  q+($&N;/&#$8&*=#8&-:#:(&r+*#5tA80GA8V&
–  Q&$#$=-(<=$8&-"A4*#I=$&=B&L,=:("$&2&CQ&#:&fRR&D&
–  U&:=:#*&YRRWRRR&A=*(<4*#,&85$#A"<-&-:(+-&
–  E$#+-%=:-&:#J($&(G(,5&QRRR&-:(+-&6YRR&B,#A(-&u&Q&B,#A(mZ&+-9&&

•  U--"3$A($:.&<#$&5=4&:(**&>%"<%&+#,:-&=B&:%(&+,=:("$&#,(&A=,(&
p(s"1*(K&

20!

First loop is the most flexible! !



M+"#-.9$7=)-.3$"&$)5-."$)7-(3$

!"#$)+,$*+"%,-.3$5)(,$-.$"1+$8"(J/$

•  E(k4($<(&6=B&#A"$=&
#<"8-9&($<=8(8&"$&/vU&
6,(+*"<#I=$9&

•  /vU&:,#$-<,"1(8&"$:=&
ivU&6:,#$-<,"+I=$9&

•  i"1=-=A(&,(#8-&ivU&#$8&
-5$:%(-"O(&:%(&+(+I8(&
6:,#$-*#I=$9&
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2+"%,-.$>"'(-.9$$

22!

@%(&$(>*5&-5$:%(-"O(8&
+(+I8(&<%#"$&$((8-&:=&
B=*8&"$:=&-+(<"w<&f/&
-:,4<:4,(-&1(B=,(&w$#**5&
1(<=A"$3&B4$<I=$#*&
+,=:("$-^&

H:&"-&#&-+=$:#$(=4-&
+,=<(--^&

7(&$((8&:=&4$8(,-:#$8&
%=>&":&>=,J-^&&

N=,$2+"%,-.$>"'(-.9$2+"8',5$

•  )=>&8=(-&:%(&+,"A#,5&E(k4($<(&-+(<"B5&:%(&$#IG(&B=*8K&
6Uw$-"$W&E<"($<(W&Qj[f9&

&& & &&

•  b(G"$:%#*d-&L#,#8=s.&%=>&+,=:("$&B=*8-&:%"-&B#-:K&

(c) Jianhan Chen! 23!

10 conformations per residue,!
10-11 (10 ps) per state!

1060 states for a 60-residue protein,!
>1040 years for random search !!

#fold < 1 second!

2+"%,-.$7).$5-3&"'($%""O$

•  q4,&1=85&%#-&A#$5&14"*:M"$&A(<%#$"-A-&:=&+,(G($:&
A"-B=*8"$3W&-4<%&#-&-"A+*5&15&,(A=G"$3&A"-B=*8(8&+,=I($-&

•  HB&=4:&=B&<=$:,=*W&:%(&<=$-(k4($<(-&<#$&1(&-(G(,(&6+,=:("$&
A"-B=*8"$3&8"-(#-(-9&

24!



$$45J'"-("3-3$

•  U1$=,A#*&#<<4A4*#I=$&
=B&"$-=*41*(&w1,=4-&
+,=:("$&#33,(3#:(-&"$&
G#,"=4-&=,3#$-&

•  HA+*"<#:(8&"$&G#,"=4-&
$(4,=8(3($(,#IG(&
8"-(#-(-&-4<%&#-&
U*O%("A(,d-&8"-(#-(-W&
:5+(&HH&8"#1(:(-&#$8&=G(,&
#&8=O($&=:%(,-&&
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4'A=,-5,+P3$E-3,)3,$G4EI$

•  H$<4,#1*(&$(4,=8(3($(,#IG(&8"-(#-(&
•  2($(,#**5&8"#3$=-(8&B=,&+(=+*(&h_Y&5(#,-&=*8&

–  hZR&A"**"=$&+(=+*(&#x(<:(8&>=,*8&>"8(&

–  Q&=4:&Qg&=B&#3(&_YM[R&#$8&y&#A=$3&`Yz&

–  L,(8"<:(8&:=&#x(<:&Q&"$&`Y&+(=+*(&15&ZRYR&
•  U33,(3#I=$&=B&U1(:#&6U{9&+(+I8(&

–  fjMgf&,(-"84(-&*=$3&>":%&4$J$=>$&B4$<I=$&
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B<,+7-3,$QD$>"'(-.9$)$*+"%,-.$

•  E((&8",(<:=,5&r(s(,<"-(fV&
•  q+($&N;/&#$8&*=#8&-:#:(&r+*#5tB=*8"$30GA8V&

–  Q&$#$=-(<=$8&4$B=*8"$3&-"A4*#I=$&=B&L,=:("$&2&CQ&

–  YRR&B,#A(-&u&Q&B,#A(&m&Z&+-&

27!

o.&'#$&5=4&8(:(,A"$(&:%(&B=*8"$3&A(<%#$"-A&=B&+,=:("$&2&CQK&

E+(<"w<#**5.&#--"3$&:%(&-(k4($<(&=B&B=*8"$3&B=,&:%(&B=**=>"$3&(*(A($:-.&&

&)(*"s&
&vM:(,A"$#*&%#",+"$&6,(-"84(&QMZR9&
&'M:(,A"$#*&%#",+"$&&6,(-"84(&f_MY_9&&&&&&&

F.$:155)+J$

•  L,=:("$-&#,(&G(,5&*#,3(&1"=MA=*(<4*(-&:%#:&<#,,5&=4:&
#**&J"$8-&=B&<,"I<#*&B4$<I=$-0&

•  L,=:("$-&#8=+:&-+(<"w<&f/&-:,4<:4,(-&B=,&B4$<I=$0&
•  L,=:("$-&#,(&85$#A"<&*"G"$3&A=*(<4*(-0&&

28!

MTYKLILNGK
TLKGETTTEA
VDAATAEKVF
KQYANDNGV
DGEWTYDDA
TKTFTVTE …  


