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2 < Zno AgekA AFg A7) A3l 2Rk 2eidagE 4AAdd, F, Zn7) e
¢l OH,\t NH,9} uhg] Z3He oAy, carboxypeptidase A(CPA)S) 7]4e) #jcdsls Rejze] O=
C-9} vi$1A %S & o, 2 7548k F& Y net atomic charge & W3S =A%t Double Zeta
basis set & AH&3} ab initio HF-SCF AlAlol ¥, Zn+ olF 217k29] O-H, N-H, O=C-% i
¥ polar 314 €Tk, 53, Wes o elie AR ¢ F7l8led, nucleophile o $4& &ol3}
A g 4 g Aoz oEgint, 23, CPAA Zn Foel v 2k=e] BAei4 ddE 241}
7} $l35ted, CPA+glycyltyrosine complex ol 33| molecular mechanics 94-& A $-3ket, o] Z3
£ X-ray 23} w28 € wl, Znv @IS 2Y olfol SEAE HHY o ASHr,

ABSTRACT. To study the bioloical roles of Zn, we investigated simple model systems of Zn+** coor-
dinated with OH, or NHg, 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 0-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 jon is
coordinated not only by four ligands in enzyme and substrate but also by one water molecule.
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P A 2)zkest B4 & vt Agse]
A3, F2E g ulFo] ¢S e Zntre 4
o] whiA 2|7keel 7 A, wetd EL
8] A=zl Ut Znre A $3A=E)
£ AAshe Aoz oA glont, Sl A
52 glemr, Zn*+o] 43l A3t euAe]
computer simulationoll 23l ®Fsle] %
2 =%, X-ray diffraction. 225 =
chezo w3} Znttol o w3l g 2
AL 9, 2 AsstA o ¥l diF olsl
obd o vjulsioR, B oM 24 =
HAASE AAslo] gb initio A4l & ol &
A JAEe A5z, ZntE stz Y& $4
g AR E TR E AlaWd A 7xF AT
& $ygct, =%, CPAel substrate(glycly
tyrosine) 7} ZA¥H <k 3000002 Y=g o] FoA
A LB HolA CPASE 37|87l 8=, =2
A A8 A5 molecular mechanics 2H-& <]
£330, o AAS X-ray T2t T AFE,
£3), Zn+v ®7130E AR} WS- 2
Apojug, ofF TPss Aladol s Hakaql
A3E deuvhe A& ol 7h5d AAe] op=
2, A4 AnE doldq gAY AR
5 vz dFgeEd PiAE dFsle, =g
Faveld Zno wifAdaE zA02 M, Zn-
E47ke] A ol3F gl dhe Rel £ o
T ZAolc}, 53], ukd muis|sgle] ok
gt AAAA£YE AAF = molecular
mechanics, molecular dynamics &7l 283k
Zn 9 force field parameter 7} §l2 =8 ol %
AL 9% 7|28 9 parameter & 2+ A=
£ A9 @A Alect,

Al o
HF (Hartree Fock)- SCF (seli-consistent-
field) o}&% 7|23 Gaussian 88 =2 228
£ ol83tgen, basis set = double zeta(DZ)
level 2 A Absteicl, ZnE AYE i+
Dunning &) DZ?2% o|&slien], Znol =%l

Vol. 34, No. 3, 1990
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Fig. 1. Geometries and net atomic charges of H,0, Zn
(H,0)2+, and Zn(Hz0)42*. The net atomic charges are
given in parentheses.
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Fig. 2. Geometries and net atomic charges of NH3, Zn
(NH32+, and Za(NH3)2+.

sian DZ basis setoll ©|g A)4ke] 4%, H,O
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Net atomic charge % wl®3] 2o, O
—0,795914 —1.065 ¥ —1,00622, H+x
0.397014 0,578 ¥ 0,5292.5o] O-H 72| po-
larity 7} F7Fsta, Zntte 2,004 1,910 %
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Fig. 3. Energy levels of frontier orbitals.
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polar 34 2tE%}, Net atomic charge & 22}
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Fig. 4. Geometries and net atomic charges of HCONH;,
and Zn(HCONH)?+.

CPA 2 B4t 7|7l PyjAe] Pl Hte
#Fe 2AEe shedez ¢9d Yo, Glyeyl-
tyrosine ¥ 7|32 s+ CPAS X-ray ¥z
ol &3t Zn*v 7lz 2 Atas) wig" e
olei®, Zhehgh gl Wele BAE @i
A ARE Fig, 4ol Asjuel, Aelc 23}
7} Zn*tel WANEUE of C-O9 AR} o
& ZojAn C-N & AgAe)7} that gojxl& &
el e, 713 ¥x3 WEe 0=C-ojAg]
net atomic chargeoich, &, Zn**7} ¢% uo]
slald Zn*+7k QAL Aol O Co net
charge = —0, 4217} 0, 268941 —0, 983} 0, 465
o FAY W37} dojde}, aleld O=C-& of
% polar 3H4] S|, 53] stz vy ghro) Axx}
Ae] ol-¢ -7kl nucleophile 9 EAE fol3}
A WE Fleleh, ooy WAL Znttrt 4~
PZleE Y4 Auolde] Aelde u£y
e 55€ Aor s, sivksi, o)
41 H,Ov NH7b 1 A8siAY 4 Ag5A
v 3 Azl 2 HaS Fa] ekekr] w2,
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Table 1. Frequencies (cm™!) and force constants {(mdy-
ne/A) of Stretching modes of H,0, Zn(H,0%*, and Zn
(H20)2+

Symmetry Frequency Force Mode*

constant
B, 4204 1135 a
H
20 A 4028 891 s
B, 3899 973 a
2+
ZIn(H,0) A 3822 898 s
B, 4055 10.53
A, 4053 10.52
4051 10.51
H 2+
ZalH 0 Ay 3959 9.63
B, 3950 9.58
E 3949 9.57

*a: asymmetric mode of Hy0, s: symmetric mode of
H,0.

Table 2. Frequencies (cm™"} and force constants (mdy-
ne/A) of stretching modes of NH;, Zn(NH2*, and Zn
(NH3}42"

Symmetry Frequency Force constant

ALAY 3993 10.33

NHy A’ 3775 8.50

E 3645 8.52

Zo(NHy? A 3545 7.64
3B 3748 9.01

3B.2A 3746 8.99

24

Zn(NHyq A 3636 8.02
3B 3631 8.00

Zho], 1 FHol7} cka AolH, &d X-ray 4Y
oA oAl Zn o FH2Rd Akdsbe] 7o)
ol 240 779 Aoz 7ldig,

=&, £ ATolA AgH ERa"gEY F2
A5} A4S Tableol +Z8c}, DZ bhasis
set £ Al s L optimized geometry 7}
ttd A3 FEATre A9 YdgHee
< A 4R B u, AESEElde 2 2
#7} ABlAle] Qe oz old Wit AnE ¥
t}, Table 1¥ H,0, Table 2= NH,¢ 33y
Aolth, Ao &g H,04 AFFe vidAA
&35, HAAEFEo] 27 3756, 3657 cm'o]
2)ake, o[ Aoll4] ZjA z3paFel B AFTF

Y (o CPASH,0 (4)CPAS 24,0

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 HyO, while NH; is replaced by
NHgy+ in glycyltyosine.

F&35, 3943, 3832cmte|th, olefivisl, DZ
o] A 23350l & AF5E Tadle 19419
7ol 4204, 4028cm™'Z ALY ol w]s) LB4 3l
Al ok 8% Hmzisie Age) gemz, e
7b Zo*tell il wel 2 A5t P4kl
H3E ZARLE fAddlcl, Table 1004 Rely
vlet Zeol, H,0, Zn(H,0)**, Zn(H,0),**<]
Al 7ol clalA, wich A S5 77t 4200,
3900, 4050cm™!, A5 4030, 3820,
39500|c}t, H, Tableols 4%slA kAt
ZIn-O 78] AlEF¢5L 500cm™ $Zolx, Zn7}
T Yxo)l2E PASE 1mdyne/A IE7}
e,

NH,® 7A$= Table 2004 4Axfncd A3
Q10 3577(d-stretch), 3506(s-stretch)ell u|3l
4], DZ A4z 3993, 37752, H,O 7%+t #
=

Fig, 5+ CPA| 7]A<l glycyltyrosine o] 7
#HH dAF= F Int+E FAU233 active site
FnkS plotter & 28 Aeldk, Fig 5{a) &
Xray 7224 Zn**g F 422 His-69,
Glu-72, His-196 % glycyltyrosine o} u]$9]sle]
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Table 3. Bond lengths between Zn2+ and ligands for X
ray and simulation structures

CPAS  CPAS*
+H0 +2H0

His 69 2.10 2.25 215 2.13
Glu 72 2.24 2.33 2.32 2.30
His 196 2.09 2.16 2.15 2.13
Gly (O) 2.78 3.04 3.15 2.98
Gly (N) 293 2.32 2.30 4.12
Glu 270 6.34 221 437 4.78

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

X ray CPAS

AT, WZol A=A %L Glu-2700) o3 9l
o 2l g4 TFHAAN Bl el
Fig. 5(b, ¢) = 71dl glycyltyrosine (Gly)2)
gt ofslier]7h NH,2l Aotk Fig. 5(b) ¢
TZX. simulation ¥ 27 712 Gly-(N)# o)
23 Glu-2709| At47} Zn**E0 2 orleg o
HollA] & ¢ 92, Znotel AJE Table 39 A
Alskgicl, Glu-2702 X-ray A 3bel] w4
minimize & CPAS ¢ Znol AUAA 7p7he]A
£ &4 4+ vk, aFelA X-ray 725 Z Agjn
d Glu-2702} Zn 7ke} Azle X-ray 72K
2] Gly-(N)& #33 Gly-(0) Rul= 7prto] §)
5 4 5 D, Table 3004 B1F £ 9ot
o|& AAEr] HMA Gly-(N)S ole|x7] &
NH*Z 2332 H,O+ 271 A% ¥ simul-
ation 3t} ole} o] & olfv 7jHY olvlx
717 NH,81x NH,*¢lz| 2843}7] afold,
3 v gl B A HEHAA G Adeol=
2 o 7bsAE zeE e, 2 AR Fig.
5(d) ollA 2¥ wis} Zo| H,O ¥ #2ke wii&
o2 a2 vzteny, H,0 ¥ Fxato] Zn 4ol
3\ X-ray T2} A8l 42 £ & Urh, o
st o] ¥Ae] Z7|7h 2 RAdHEE, F8
3 234l active site ¥ 7153k H2F A4S
slz, AdEAR AAE molecular mechanics
(MM} ©]9¢l%, molecular dynamics(MD),
Monte Carlo(MC) simulation g *F% 4 3l
th, E3], g9y counterion$ =AY olA
simulation 3te24, APHog = A 7] oy
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