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ABSTRACT. To study the bioloical roles of Zn, we investigated simple model systems of Zn++ coor-
dinated with OH, or NHj;, or with O=C- in peptide. The geometrical strcutures and net atomic charges
were calculated by the ab initio HF-SCF theory using double zeta basis sets. The ligands of O-H, N-H,
and O=C- are very polar due to Zn++. Therefore, the carbon atom in peptide becomes so electrophilic
that it can be easily attacked by other nucleophiles. In addition, to understand how Zn++ is coordinated
with ligands in enzyme, a molecular mechanics method is applied to the system of the enzyme of carbox-
peptidase A (CPA) with the substrate of glycyltyrosine. From our results, it appears that the Zn ion is
coordinated not only by four ligands in enzyme and substrate but also by one water molecule.
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Fig. 1. Geometries and net atomic charges of H20, Zn
(H,0)2+, and Zn(H;0)42+. The net atomic charges are
given in parentheses.

Aol B3 AT FYget, gl Znttet
712 28] ZAgdA S oj8l5t7] sl peptide o 7
EAlel HCONH, % 7|22 2 3o, olo] Zn**
7} stz Aldol] AEH oo} AR Woks
w] 9] net atomic charge ¢ zto] & =Abgic),

Molecular mechanics 9 7ol 4+ CPAS
system oA Zn7} ¥z} A¥H vlfso] 3|
ore Ae, FEA7F s A, S8R el
7149 NH,”} NH,*2 oiz|s Ateje] 4
zAgket,

oL i g
o Rior

s

Zn o oH
Zn**7} H,0 9 Aafxie) wieA4EgS A3
of wt& 7 FzwgE HF-SCF level 2 A4k}
glen], 2 optimized TZ%F Fig. 17 20| =
Alskodct,

aslellA dxizke] AgAel(A)s Az
(degree)2 3AI8lgow], Z3Ioke] ZHE net
atomic charge °ltt, Zn(H,0),**& D,, i3+
2 AelolA] optimize 313127, Zn(NH,),**+
D, WATFz Alelell4 optimize 3H3dch.  Gaus-

Fig. 2. Geometries and net atomic charges of NHj3, Zn
(NH3)?2+, and Zn(NH3)¢2*.
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Fig. 3. Energy levels of frontier orbitals.
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Fig. 4. Geometries and net atomic charges of HCONH,
and Zn(HCONH)2+.
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Tab{e 1. Frequencies (cm~!) and force constants (mdy-
ne/A) of Stretching modes of Hy0, Zn(H,0)?+, and Zn
(H20)42+

Force .
Symmetry Frequency constant Mode
B, 4204 1135  a
H0 A 4028 991 s
B; 3899 973 a
Zn(H,0)2+
n(H0) A 3822 898 s
B, 4055 1053
A 4053 1052
4051 10.51
2+
Zn(H0) A, 3959 9.63
B, 3950 9.58
E 3949 9.57

*a: asymmetric mode of H50, s: symmetric mode of
H,0.

Tab{e 2. Frequencies (cm-1) and force constants (mdy-
ne/A) of stretching modes of NH3, Zn(NH3)2+, and Zn
(NH3) 42+

Symmetry Frequency Force constant

A'A" 3993 10.33
NHy A’ 3775 8.50
3645 8.52
Zn(NHy? Ay 3545 7.64
3B 3748 9.01
3B,2A 3746 8.99

2+ ’
Zn(NHg)y A 3636 8.02
3B 3631 8.00

Zrol, 1 Zlol7} tha Aolx, F3] X-ray 4¥
oA glojz]= Zn 9} 7l2 R Alaole] Aol
ol 2 Aol 7P A Zleog 7ohslct,

£, £ A7l AHEd R adEe] £
Asaet A5 Table ol 4-53c}, DZ basis
set & Aol tHal = optimized geometry 7}
B ghsted A5 AYH dedez
2 3R] g b, AEFEolde 2 A
7b AllAde] 9lem 2 olof g AAE ¥
o}, Table 12 H,0, Table 25 NH,2 =1
740];]- /‘18'40}] 9]6’]— H, 09 A= H]I:Hi]/l]
3%, HAHAEFEEo] 27t 3756, 3657 cm~'o]
zlabe o] Rl A 71 &3 Fl B AFTE

Hodr £
H

/
() CPAS+H,0

(M)CPAS* 11,0

Fig. 5. X ray & simulation structures of CPA with sub-
strate (glycyltyrosine): (a) X ray structure, (b) minimi-
zation without water, (c) minimization with one H;0, (d)
minimization with two H30, while NH; is replaced by
NH;j+* in glycyltyosine.

F&3h, 3943, 3832cm“°]"/} oloflual, DZ
o] 714 z33lgel HE A5 Table 100419}
7ol 4204, 4028cm—'2 *‘U.M ] Hlal] AP 3l
Al o 8% ANHtH e Age] gleme, Pie
7b Zntoll wifiEel wet o AFet 4o
HIE 2ARE fodith, Tuble 104 Helx

vpel Zre], H,O0, Zn(H,0)**, Zn(H,0),**9]
Al 7ol diaiA, e AAEETL 27 4200,
3900, 4050cm™', THAAZLEE 4030, 3820,
3950°|th, ¥, Tableol: F538kx] ekakAlal,
Zn-0 7k AlFE5L 500cm™! 2o, Znr}

FAL Yaolmng A 1mdyne/A A7}
e},
NH,9 7%= Table 22014 Asin=d, Agx

Q3 3577(d- stretch) 3506 (s-stretch)oll ®]3l
A, DZ AARr& 3993, 37752, H,0 74-%2
Alsiet,

Fig. 5+ CPA| 7]#3l glycyltyrosine o} 7
e AAT= F ZnttE FA2. 23 active site
F2uks plotter & 28 Zeltl, Fig, 5(a) =
X-ray T2EHA ZntE F4 o F His-69,
Glu-72, His-196 % glycyltyrosine o] vl $]=]o]
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Table 3. Bond lengths between Zn2+ and ligands for X
ray and simulation structures

-

X ray CPAS E};{Azg Sl;ﬁfo
His 69 2.10 2.25 2.15 2.13
Glu 72 2.24 2.33 2.32 2.30
His 196 2.09 2.16 2.15 2.13
Gly (0) 2.78 3.04 3.15 2.98
Gly (N) 2.93 2.32 2.30 4.12
Glu 270 6.34 2.21 4.37 4.78

*Amino terminal group of NH; in glycyltyrosine in
CPAS is replaced by NH3*.

AT, AZol A=A ¢k Glu-270°) o3 9l
ot 28 F4E IFIA|AM E9l Ao},
Fig, 5(b,c) = 714<l glycyltyrosine(Gly)<]
et olelr]7l NH,2l 7#$-olth, Fig, 5(b) 2
T-ZE simulation 3 A3} 7122 Gly-(N)3} o]
23k Glu-2702] Ak47} Znt*ZEo g oy}
oA B 4= 9lxz, Zn}e] #HelE Table 30 A
2] 3} 9 o, Glu-270—: X-ray Z 3ol =134
minimize  CPAS ¢ Zno| A 71749
% of 4 9lch, 2dolA X-ray 725 2 4sjn
o Glu-2708 Zn ke AglE X-ray +2= o
2] Gly-(N)2 «943] Gly-(0) 2= 7l7to] Q)
v % F Ux, Table A #AAE 4 glc},
ol A7 HsiMd Gly-(N)o olvlxr]E
NH,*2 tlxsl2 H,0+& 24 A% ¥ simul-
ation 3lgt}, ol9} ZFo] & olf& 719 olu]x
717b NH,%1A NH;*el#| 28A3)7] aifFoH,
321w dol] A3} AR HHAA] L Aeelm
2 o 7FeAE 2ed Zeid, 2 A Fig.
5(d) ol 2 wle} Ze] H,O & A& wh%E
o2 43 vzlen, H,0 ¥ #EAake] Zn FHell
U S £ 4 S, ol
9} o] ¥zlo] 7|7l 23 EFsrzEs, F&
gk BBal active site & 7153 Awdl A4S
3la, AEA AA+ molecular mechanics
(MM) ©]9lell%, molecular dynamics(MD),
Monte Carlo(MC) simulation$ AH&-& 4 3l
o}, E3), 2o counterionS A F FolA
simulation o2, AgAecze A 7] oy
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