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Name Year Authors Program Calculation of 
Born radii 

CFA 
Corr. 

Dielectric 
Boundary 

GB GB/
SA 

1990 Still, Tempczyk, 
Hawley, Hendrickson 

Macromodel FDPB Yes Molecular surface 

GB 1995 Hawkins, Cramer, 
Truhlar 

Amber, Tinker Pairwise descreening No Overlapping spheres 

ACE 1996/ 
2001 

Schaefer, Karplus CHARMM Pairwise sum of 
atomic volumes 

No Overlapping 
Gaussians 

GB 1997 Qiu, Shenkin, 
Hollinger, Still 

Macromodel,T
inker 

Pairwise sum of 
atomic volumes 

No Overlapping spheres 

S-GB 1998 Ghosh, Rapp, Friesner Impact Surface integral 
formulation 

Yes Overlapping spheres 

GenBorn 1999 Dominy, Brooks CHARMM Pairwise sum of 
atomic volumes 

No Overlapping spheres 

GBMV 2002/
2003 

Lee, Salsbury, Feig, 
Brooks 

CHARMM Numerical integration Yes Molecular surface 

GBSW 2003 Im, Lee, Brooks CHARMM Numerical integration Yes Overlapping spheres + 
smooth boundary 

AGB 2004 Gallicchio, Levy Impact Pairwise descreening No Overlapping spheres 

GB 2004 Onufriev, Case Amber Pairwise descreening, 
radius rescaling 

No Molecular surface 

   The Generalized Born Zoo (as of 2005) 
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These are just selected examples. There are many more GB models around.  



_#L$)?/$!/G!8/'F9#`8/';#$9!b/F$0&%<!

•  3!J#<!+%/+#%9<!G/%!*&'*F'&?$B!,/';&?/$!G%##!#$#%B<O!
–  ./'#*F'&%!,F%G&*#!=.8>!;,O!;&$!0#%!V&&',!=;0V>!,F%G&*#!

–  .8[!+6<,)*&''<!*/%%#*9q!HF9!D/%#!#M+#$,);#N!'#,,!,9&H'#!=J><K>!

–  ;0V[!)$#M+#$,);#!&$0!,9&H'#q!HF9!I)96!)$9%)$,)*!')D)9&?/$,!,F*6!&,!

F$+6<,)*&'!)$9#%,??&'!6)B6!0)#'#*9%)*,O!=J>)L>!!

kn!

Figure Credit: 
http://www.netsci.org/
Science w 

w 

Lee and Olson, JPCB (2005); Swanson et al., JPCB (2005); Zhu et al, JCC (2007); 

jFD#%)*&'!3**F%&*<!/G!"b!

•  d&9#,9!"b!D/0#',!*&$!H#!DF*6!G&,9#%N!HF9!!$FD#%)*&''<!&,!

&**F%&9#N!*/D+&%#0!9/!*/%%#,+/$0)$B!6)B6`%#,/'F?/$!(b!

*&'*F'&?/$,!=@#)B!#9!&'N!m^^Q>!

–  C6),!),!&*6)#;#0!H/96!H<!&0;&$*#,!)$!G/%D&'),D!&$0!*&%#GF'!

+&%&D#9#%)c&?/$!/G!-7",;%&8$(#8;8",',;6O!!!

P!5)&$6&$!16#$! kQ!

Lee et al., JCC (2003).                              J><K(

4\^Olllm!

GBSW Im et al., JCC (2003). 

(6<,)*&'!(&%&D#9#%,!/G!"b!=/%!(b>!

P!5)&$6&$!16#$! kU!

•  :$0#%'<)$B!H)/D/'#*F'&%!G/%*#!L#'0[!+&%?&'!*6&%B#,N!d#$$&%0`

5/$#,!+&%&D#9#%,N!'*;6%*-(#*',-D8$6(

•  1/$?$FFD!#'#*9%/,9&?*,!=(b!/%!"b>!

–  8/';#$9!H/F$0&%<!0#L$)?/$[!.8!;,O!;0V!,F%G&*#!

–  .'*"%&(M%-#7'N(;8E%%(

–  _)#'#*9%)*!*/$,9&$9,!=!I\]^N!!+\k>!
–  (%/H#!%&0)F,!=G/%!.8q!LM#0!)$!&$&'<?*&'!.8>!

•  j/$`+/'&%!,/';&?/$!D/0#',!

–  8F%G&*#!0#L$)?/$[!.8N!8383!/%!;0V!

–  39/D)*!=)$+F9>!%&0))!

–  =AW#*?;#>!,F%G&*#!9#$,)/$!*/#T*)#$9!

J>)L(O8-(>,(P#D"%Q,E('*(>8$8-&,(3$,&';*6'8D&()*$+8D*-(

8-E(!-';8"*$,&7$8;(!-',;8&D*-6(

88% 60% 43%   0% 

-3

-2

-1

0

1

1 3 5 7 9
Distance (A)

Fr
ee

 E
n

er
g

y 
(k

ca
l/

m
o

l) TIP3P GBSW

"bk+!!!"bkDk!!!!2(U3!!!"bkDn!!



C%+c)+m!&$0!C%+`1&B#!

SWTWE NGKWT WK! NLYIQ WLKDG GPSSG RPPPS!

P!5)&$6&$!16#$!

   Implicit Solvent and Membrane 
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Im & Brooks (2005)  
Proc. Natl. Acad. Sci. 102:6771  

Im, Feig, and Brooks (2003)  
Biophys. J. 85:2900 

Im & Brooks (2004)  
J. Mol. Biol. 337:515 
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   GBMV Membrane 
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Tanizaki & Feig (2005) J. Chem. Phys. 122:124706 
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   Simulations of Membrane Proteins: 
B12 Transporter ButCD 
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Tanizaki & Feig (2005) J. Chem. Phys. 122:124706 
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"Gsolv = "Gelec + "Gnp = "Gelec + "GvdW + "Gcav

Figure credit: Levy et al., JACS (2003) 
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