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Large Organic Molecules
Made of Amino Acids arranged in a linear chain

Joined toc itide bgnds between the ¢ k@amino group
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(From Campbel M. 1991)
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HIV-1 protease bound to an inhibitor

Cartoon representation Surface representation
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b, =R\ * by,

bj :ql-N*bOj*ql-N_l and bj :Q]_-N*bOj

[y =To; cos(fj)+uj " o, Sin(fj)+(r0j | uj)uj(l- cos(fj))
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N N M M
25+ 45+ 15M, or 70N- 45+ 15M,
i=1 =2 j=1 =1
N N M M
6+ 28+ 4IM, of 34N- 28+ 15M,
i=1 i=2 j=1 j=1
N N M
20+ 45+ 15M,
i=1 i=2 j=1

Note: Assuming addition and multiplication
Operation costs to be the same.
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E = Bond ener calculated by Hook's law S k, (Il where IS
ol ! l ( ;

2
entally known and | ang &re actual and ideal bond i’engtf’ﬁ)s.

E = Bond angle (bending) energy calculated by Hook’s la® k. (g-q,) 2 where
PoR-2tdfigular stiffn%ss(of the bgo)nd) isggxperimentallyyknown qrachdd), (zgrg %)wtual and
ideal bond angles.

Etorslign

=S A (1+ cos(n - P%) = whereA is an experimentally determined constant and
the torsion angle ' (the rotation angle around the bond between'tten@ the

atom in any serially connected four atoms). The torsion energy islynased to
corr(?tct the ‘bond and bending energies to make the results agree with expakiment
results.

ander waals— 1 NE €nergy due to non-bonded forces between two at@mgj =
wherea andb are experimentally known amds the distance between the two atoms.

E . = Electrostatic energy between two atom$ S qgq, / r. whereq ands are
SR8 andr is the distance %etween the two atoms. "
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Question:

Under the effect of the force field, what is the
conformation change of the protein
molecule?
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P, is now the origin of the

-/ coordinate system for all atoms

For every link, the contribution of the forces agti
on the atoms of that link to the equivalent joint
torques on all of the joints preceding that lin&:ar

These contributions are then combined to
calculate the overall equivalent joint torques
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A: Acceptor

D: Donor

AA: Acceptor Antecedent
DD: Donor Antecedent
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o B° 6° 'a r'A A
E.N. Baker ef al. [36] 147+9 155+11 153+8 17+8 2.06£0.16 | 2.99+0.14
Ian K.McDonald er al. [48] =90 =90 =90 <2.5 <3.9
D. Xu et al.[51] 140+19.3 | 151.5+16.3 | 146.2+18 2.06£0.22 | 2.95+£0.21
T. Kortemme ez al. [38] 85 <,<180 | 105<.<180 <2.6A
Fleming et al. [46] =00 =110 <4.5
Langkilde ef al. [56] =120 <3.07
Alexandescu er al.[40] 120<,<180 <25
Artymiuk et al. [57] 8. 519 2.05+£0.18 | 2.96+0.17

—| Our Suggested criteria 110« <180 110< <180 —-—
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(PDB | Amino Acids Figure of | Number | p i ogen
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code) : bonds in
Acids :
biology
B FEAQKTLA in 15 416 11
EVTKFIH :
IKDAVDAT e
2188 | VIFYLTLTL ~C o 18 5 14
K o,
SLMHILFNL | = }J_U
2IC8 | LWWWYLG |+ ¢ 2 6.11 18
GAVEKR ! J“
SNLHILFNL
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Protein Name
Criteria for Hydrogen bonds Proposed by: Litle 2188 2ic8 “ne
Number of Hydrogen bonds predicted by the
criteria
EN. Baker ef al. 7 6 9 6
Ian K.McDonald et al. 11 16 19 17
D. Xu et al. 10 8 14 8
T. Kortemme ef al. 12 19 20 16
Fleming et al. 14 18 22 22
Langkilde et al. 11 11 17 14
Alexandescu ef al. 11 15 18 16
Artymiuk ef al. 9 8 14 9
T. Ackbarow et al. 15 18 22 22
Our Suggested criteria 15

Cotmes oo gresETEETE:

Zahra Shahbazi, Horea llies, Kazem Kazerounian, “Hydrogen Bonds and Kinematic
Mobility of Protein Molecules”, Journal of Mechanisms and Robotics, 2009.
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Zahra Shahbazi, Horea llies, Kazem Kazerounian, “Hydrogen Bonds and Kinematic
Mobility of Protein Molecules”, Journal of Mechanisms and Robotics, 2009.
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Movie: 1K6U Protein for Visual check Red Portions are flexible. Other
colors are all Rigid Domains
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Protein Name

1YVQ 2188 1Z15 2HHB
I No. of amino acids 141 176 342 141
II Total No. of DOF 282 352 684 282
11 No. of MC-MC Hbonds 90 98 140 82
v No. of DOF considering just MC-MC Hbonds 52 79 303 64
\' No. of all types of Hbonds
VI No. of DOF considering all types of Hbonds using new mobil-

ity analysis

106 110 : 95
——a L ——
39 (86%) | 37(89%) | 254 39 (79%)
(62%)
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M = 0.5k (lo — Ip)? + 0.5k, (ro —ro)* + 0.5kg(da — dp)? — E(d2, a2, 32)

H1 = 0.5k (1 —1p)* + 0.5k, (ry — ro)? +0.5k4(dy — dp)* — E(d1,al, 1)

H2 =k — dEy /(1 — o) ~ka+p° <0
H2 =k — dE /(I — o) —ki+¢° <0
H3 =k, —dE,/(ry — 1) —ly+m? <0
H4 = kg — dEg/(dy — do) —rg+n° <0

—kg+s*<0 —d{m-l_-ﬂgiﬂ

—kd-I—SEED
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F=3
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Fs dz
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F, k31 kas ksz ksqa kas  ksg dyc

&dzc/



y

E(energy) ki k, kg | lo | ro | dp | maxk | mean k | min k | #* iy \
-2.303 511 263 | 4.8 12922 3 54.53 1.82 0.14 | 6.9 [ 3.86
-2.29 40.9 o) 1.7 28 2 2.9 34.16 0.49 0.07 105 1.19
-3.576 68.3 | 23.6 3 | 2.8 2 2.0 64.68 1.61 0.07 | 54| 2.1
-3.232 111.2 | 379 | 6.9 | 28 | 1.9 | 2.8 | 104.51 2.03 0.14 | 7. 4.83
-4.791 870 [ 266 | 3.3 | 2.8 2 3 20.43 1.19 0.14 | 5.5 | 2.31
-4.843 127.7 | 288 | 3.9 | 2.8 | 1.8 ] 2.9 | 109.69 1.26 021 |64 2.73
-3.676 606 | 227 | 35| 2.8 2 3 64.82 1.19 0.14 | 6. 2.45
-2.238 7.1 | 419 65|29 2.2 3 T0.56 3.15 0.14 | 5. 4.55
-2.043 45.3 | 221 1461|2922 3 47.39 1.33 0.14 | 8. 3.22
-3.04 62.1 | 264 | 44129 2.1 3 62.23 1.61 0.21 | 6. 3.08
-1.37 469 [ 496 | 82 3.1 ] 241 3.1 | 69.51 4.2 0.14 | 4.6}| 5.74
-2.856 60.1 | 27.7 | 4.8 | 2.9 | 2.1 3 61.81 1.61 0.14 | 6.9 3.36
-3.765 1093 |1 208 | 5.3 | 28| 1.9 2.8 97.44 1.33 0.14 8 371
-1.172 39 373|771 3 | 24| 3.1 54.53 287 0.28 | 6.1 \5.39

| Bond Tvpe | Bond stiffness (N/m) |
C
. ......-niné“
N
"$&( -( "' %.(B-(# $ (3-(9 -# W % % ( %

%

H

Table 1: Hydrogen bond stiffness for some sample bonds
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Appliedforce

Applied force
3-4Hbond .
3.6 Residue .
I{eq — 1/{1/(!1:&”'711 + 1/kfur112 T oeee T lf’k‘t‘urn—end:‘
A: Schematic Biological System B: Mechanical Equivalent Model (1;’2)1{-{@ {df}g = E{lfg) 'Ifz {d.']: )2

PDB code K from method # 1 | K from method # 2 | k reported in litrature

Synthetic peptide 380 384 300-400 [3]
1gk6 520 524 571 [7]
Inkn 83 66 60-80 [6]
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The geometric model of a Peptide plane
with standard dimensions reported by
Pauling and Corey (1951)
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The workspace of the backbone of a three residue peptide chain
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