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. ABSTRACT ZNC{C)PR has been found to
be a new neuropeptide in rar brain as a signifi-
cant enhancer of learning and memory. In
this work. the structure-activity relanionship
of ZNC{C)PR was studied. First, the roles
of every rezidue in ZNC(C)}PR were investi-
gated theoretically and analogs were designed
according 1o the predicted conformarional
properties. Five analogs were synthesized
following the design. Passive avoidance he-
havior rtests in rats showed that NIPR.
NVFR . and NAPR have positive effects to
tacilitate memory. while NSPR has no effecr.
and DLPR has somewhat inhibitory effect.
As the experimental results are in good agree-
ment with that of theoretical calculations, it is
suggested that further research may help us 1o
understand more details on the structure-
activity relationship of ZNC (C)PR and pro-
vides a way for further design of potent ago-
nist, antagonist and possible
mimetics of ZNC(CIPR.
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ZNC (C) PR i~ a neuropeptide in rat

e

brain and has primary structure as follows;

Cys .

pGlu—A:,n—(l‘ys Pro—Arg

ZNC(C)H PR i» no longer recognized by
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argipressin { AVP) receptors and totally void
of pressor and antidiuretic activiries . but ~ur-
prisingly shows highet potency than AVP it-
ZNC (C)H PR

and its analogs not only induce facilitation of

self in behavior responses' ™ .

passive avoidance behavior. but also remark-
ably facilitate the acquisition and subseguent
maintenance of brightness dizerimination in
immature and mature rats by neonaral admin-
ZNC (I PR s
thought tn be a new neuropeptide.

istratrion'®’ . Therefore.

To study the structure-acuvity relation-
ship of ZNC (' )PR. a series of ZNC(C PR
analogs had been xvnthesized and rested = .
From these experiments. NXXR wax proposed
to be the essential group for keeping a high
behavioral 2D-NMR
study” + it was found that ZNC(CIPR 1~ 1in o
compact stricture. white [f-Arg JZNC (PR

i® not.

patency'’ . In a

Due to the potency on hehavioral te-
sponse of the latter is only 3 ", of that of the
former. it implied thar the acrivities closcly
related to the conformation. Based an 1he
2D-NMR data. conformation of ZNC (UK
has been built'" and an algorithm to predicr
the conformationz of peptide hy <vstemuatic
search has been proposed -'. It was suggesi-
ed *~'" that the compact structure and moder-
ate stability were essential for the high activi-
1y of ZNC(C)IPR.  This provided the basis for
our designing new analngs and studying srruc-
ture-activity relationship of ZNCC)IPR.

In this paper. the influences of cach
residue in ZNU(CYPR on conformation and ac--

tivity were investigated . and five -malopgs with
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substitution at cystine position were synthe-
sized and testified subsequently.

MATERIALS AND METHODS

All the calculztions were performed on a Graphics
1D/70GT workstation (Silicon Graphies Inc,. USA)D.
implemented with QUANTA program {FPolygen Inc)
And a program of CHAR-

MMY" was employed in conformational calculations.

for molecular modeling.

Conformatlonal prediction of peptide The algo-
rithm™® was employed to predict the conformations of
the pepude. First, one couformation with extended
main chain was generated. then energy minimization
was performed to eliminate atom collisions and coun-
tacts with slight constraints of the heavy atoms in the
main chaiun. From N-termiunal. 2 neighboriug dihe-
dral angles were rotated synchrouously with an incre-
ment of 10°.  Energies were evaluated and 36° energies
in total were obtained. An energy contour map was
plotted according wo the 36 energies. and the euergy
minimum regions were selected. The Z dihedral
angles were rotated to let the energy minimum. This
process was repeated until reached C-terminal The
side chain dihedral apgles were ratated in the sgme
way as did the maiu chain dihedral angles. At last.
many passible conformations were obtained. Energy
minimization was then performed aud ouly the confor-
mations with the energy less thau 3 kcal-mol™ to the
lowest were kept. The remaining couformatious were
divided into several glasses. The criterion to classify
the 2 similar conformatious was taken as their coordi-
uate RMS less than 0- 10 am.

Deslgn siralegy As the early experiments=*' aud
theoretical calculations™ showed that the pyroglu-
tamyl residue (pGlu) was unot essential to the activity
of ZNC (C)>PR. ouly the tetrapeptide without pGlu,
NC(CIYPR. was consideted iu this design.

did not take too much time to calculate the conforma-

Because 1t

ticus of such & short peptide by use of the previous al-
gorithm, various analogs from residue substitution in
NC (CYPR were cousidered and their couformatious
were calculated. Thus the influences of residue sub-
stitutions ou the conformation were investigared theo-
retically and the roles played by every residue were
deduced.

The aunalogs with ZNC(CIPR activity should have
the similar couformartional properties as ZNC (CYFR.

ZNC ¢C)PR 15 characterized by sidechain contacts be-
tween Asn and Arg'? and 2 moderate stability*®!"'.
The eounformational characteristics were chosen as
parameters ta classify the aunalogs. sa as to find out
the analogs with similar properties as ZNC(C)PR.

All chemicals

and solvents were analytical reageuts. Five

Peptide synthesis and puorification

ZNC¢C)PR analogs were synthesized by a stepwise
salid-phase method 1n this laboratory=®. The pro-
tected tetrapeptide was condensed on au N-tosyl-IL-
arginiue (1 % DVB) polystyrene resiu with zert-buty-
loxycarbouyl (Boc-) amiuo acids. The protected te-
trapeptides were blocked and freed from the resin by
hydrogen flucride (HF ) treatmeunt for 1 h at 0 C.
The synthetic products were fractionated by chro-
matography on a Sephadex G-15 column with elution
by 0. 25 %= acetic acid. The main product thus gener-
ated was proved ta be the tetrapeptide we expected by
amiuo acid compositiou analysis.

Further purifications were performed on a set of
Waters systemn reverse-phase HPLC { Waters model
510, Millipore Corp. USA} with DELTA PAK C-
300A column (7. 8 mm * 300 mm . Nihou Waters Lid»
with & consecutive gradieut of acetonitrile from 2 %] to
30 % coutaiuing 0.1 % trifluoroacetic acid within 25
These
peptides synthesized were purified to homogeneous

min. Absorbance at 214 nm were recarded.

material which showed a single peak before hioassay,
Bioassay and statistics The activities of peptides
on memaory processtes were tested in a passive avoid-
auce manner usiug a single learuing trial in § Wistar
rats (135=15 g). The apparatus cousisted of a small
illuminated (60-W bulb) chamber connected with a
large dark chamber via a door. The 2 chambers were
equipped with a grid floor. Oud 1. the rat was habit-
uated to the dark chamber (3 min), the latency to en-
ter the dark was recorded. Siuce rats prefer dark ta
light., they normally enter within 15 s. Trials were
commenced on the following day. The rat was placed
iu the small chamber. As soon as the rat eutered the
dark chamber, the door was shut and an inescapable
faot shock was given (80 V. 2 s) through the grid
floor of the dark chamber.

were Injected sc immediately.

Aud peptide or saline
Ou d 3, 24 h after the
acquisition of the trial, the rat was placed 1n an illumi-
nated chamber. the lateucy that it entered the dark
chamber was recorded. On d 4, a 48-h latency was
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recorded.  Passive avoidance respondence latencies
were recorded up to a maxtmum of 300 s {cut-off
time ) on the retention tests. All tests were cartied
out in a double-blind way,

The results of the passive avoldance tests were
Results of the

treatments were compared with those of the saline

expressed as a mean latency F L s.

contrel and the significance of the difference was ana-
Iyzed with ANOVA.

RESLUTS

Design of ZNC (C) PR analogs Forty-
five ZNC (CYPR analogs were constructed by
considering various sitnations including the
substitution of residues with hydrophobic or
hydrophilic properties (Tab 1 and Fig 1.

The criterion to define the conformational
stability of ZNC (C)PR analogs were as fol-
lows; unstable (E > —50 kcal*mol™'?, sta-
ble (—80 kecal*mol™' < E < —50 keal
*mol ), and very stable (E << —80 kcal
The analogs in Tab 1 with closed
side chains and moderate stability still had
ZNC (CHPR activity, while the analogs with
very low energies had inhibitory activity (Tab
2>.

Synthesis of ZNC (C)PR anslogs Tt is
predicted that NIPR. NVPR, and NAFPR are
predicted to possess the ZNC {COYPR activity.
while NSPR has no activity ., and DLPR shows
an inhibitory activity (Tab 2).

*mol™).

These pep-
tides were synthesized and purified to homoge-
neous material which sh.owed a single peak in
reverse-phase HPLC (Fig 23.

Effects of ZNC{C)PR analogs on passive
avoidance behavior The effects of these syn-
thetic peptides on the passive avoidance behavw-
ior of rats were measured following sc immedi-
NIPR, NVFR.
and MNAPR induced facilitation of passive
avoildance behavior, NSPR did not enhance
memory ., while DLPR showed a somewhat in-
hibitory effect (FP<0. 057 at 48 h (Tab 3).

ately after the learning trial.

Tab 1. ZNC{(C)PR analogs and predicied conforma-
tional properties. A and B represent the side chains
between the firsi and the [asi residue closed and open.
respectively. Alternative conformations are in paren-

theses.
. s £
Analog kitll?:fgl_‘ Conf 1%3 tjl::c:)
1 LLPR —45, 61 B 8. 38
2 FLPR —45, 7u B B. 49
3 DLPR — 1405, 39 A B. 33
4 SLPR —48. 85 B B. 39
5 QLPR —&1. 60 BCA)D B. 32
g HLPR —53.66 ACB) 7.78
7 ~NAPR —63.90 A 7. 38
g NLPG) —61.63 A 6.63
9 NLPE —63.72 A 6.73
10 NLPH —51.97 B 7.47
11 NLPK —68. 42 A 7.42
12 NIPR —68. 50 A 7.44
13 NFPFR —68. 99 B 6. 81
14 NYPR —75. 66 A & 08
15 NWPR —77. 64 A(B) 7-13
16 NVPR —70. 33 A(B) T.42
17 NMPR —72.92 A 7.42
18 NSPR —79. 24 B 7.09
19 NTPR —82. 62 B 8. 08
2 NDPR —91. 98 B 6. 63
3 NEPR —94. 33 B 6. 67
22 NQFPR —83.58 TOAB) 7-43
2 NCPR —73.62 A(B) 7.31
24 NLLR —107. 96 B 4. 67
2 MNIFR —103. 62 B 4. 95
2 NFFR —104. 89 B 4.78
2 NWIR — 89, 86 B 5. 15
28 NVWR — 109, 51 B 4,94
2 MNYIR — 103, 90 B 4, 83
3Q NLGR —115.19 B 4,94
31 NSTR —986. 07 B 7.86
32 NEHR —125.74 B 4.74
33 NDER —127. 65 B 4,92
34 NTQR —111. 49 B 8.19
35 SLPH —35.17 B 6. 49
36 SLPK —44. 89 BCAZ 8.43
37 TLPK —47. 20 B 8. 48
3R DLPK —B85. 75 A 9, 48
39 ELPK —80. 23 A 9. 64
40 LLPN —36. 48 B 6.12
41 DLPF —41. 32 B 10,17
42 NLFL —44,92 B 6. 44
43 WLPL —21. 68 B 7.88
44 FLPI —10.22 A .77
45 LLPV —B., 87 A B. 94
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Tab 2. ZNC(C)PR anslogs and predicted bicactivities
on behavioral response. A and B are the same as in
T Tab 1.
B
5 ) Energy. Distance ., Predicted
2 Analogs kealrmol ' (Cl—C2) Conf effect on
2 IMermory
% o
l:i NITR —68. 50 7. 44 A enhanced
e NVPR —70.33 7.42 A enhanced
< NAPR —63. 90 7.38 A enhanced
] MNSPR —72.94 7. 09 B no effect
DLPR —105. 30 8. 33 A dimiimsh
' 15.20 ARL 1oz 8.8
? E 18.03
3 =
a3 =
g 8
T =
- §
b £
o < \A~
E 1,HIFN  2,WVPR 3, NAPR 4, NSPR 5,DLFN
s 152025 101620 81018 $1018 153028
Time / min
1 Fig 2. Reverse-phase HPLC of synthetic peptides.
E Colomn: DELTA PAK C18-300A (7.8 mm X 300
3 mm)}. Eloent: (A) 0.1 % triflooroacetic acid: (B>
. 90 ! mcetomitrile and 0.1 % trifluorcacetic acid.
= Flow rate: 2 ml'min~'. Detection: 214 nm. Linear
'i' gradient 2— 30 * <B) in 25 min.
™ Tab 3. Effects of synthetic peptides on retention of
% passive avoidance behavior In rats. %45, "P>. 0S8,
% *P< 0. 05, "P<C0. 01 vs saline.
Diose, ’ Latency. s
ng/rat « at2ih at 48 h
T Saline 10 . 78+ 28 111428
? NIPR 3 10 112433 118454
3 100 10 S0+ 22" 107t+270
o NVFEFR 3 10 1144+19° 142 +41°
o 100 10 102+ 44" 138 +4¢
| NSPR 3 10 86+ 30 130+43
N 100 10 38+ 36" 104445
§ Saline 20 97 + 39" 107+43
5 NAFR 3 19 133+ 91 11954
s 30 19 147+65" 125463
100 15 108+ 612 107 £ 61"
Baline 19 59+561° 117453
DLPR 100 18 40153 734+ a3"
Fig 1. Predicted conformations of ZNC(CYPR 300 18 T4+ 107 9] +49°

analogs.

-
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These results are in agreement with our 3 LinC. Lw RY, Du YC. Cystenyl methyl ester ol AVP
pIedictions. (4—3"F, a potent aguuist no the mantenancy ol passwve
aviddance in rats. Poptudes 1050 JL: 54—
DISCUSSION 4 Do YU. L C. Xu LF, Lu 2X. Gu Bh. tsoa NN
Siructure-dependent behavior funcuon of AVFP analngs.
After a cycle of recognition from theory In: Rwier ] E.« Macshall (3 R, editoes. Pepiides . «hem
to experiment was completed, the following wreys steucture and  binlogy, - Procesduyes of ke
Eleventh Awmencan Pepude Sympnswms 198% Jul s— 14,
conclusions about the structure-activity rela- La Jolla ¢CA). USA. ESCOM. 1990, 20u—aul.
tionship of ZNC(C)PR can be deduced. pGlu 5 Du YC. Gu BX. Tong T. Rong X%, Chea XF. (lun
in N terminal of ZNC (C PR is not eszential to ZF. Studier on actinn mechanmsm ol memary enhancing
the activity. hecause the analogs without pGlu pepide — ZNC{CIPR.  Ins Du YC. ot ulh eduiors.
may still show ZNC(C)PR activity. While Peptides, bwology znd chermar_r.y.—ri’muedmfw |‘1[ the
Arg and Asn are essential to the activity of Chinese Peptide _Sympﬂsmum'. 19%0 Aug 11 —15; Shang-
hai, China. Betjing; Science Press. 19%1: 71—4d.
ZNC (C)HPR. I“hibitory effect will appear. f Chen ®XF. Chen 2F, Lu RY. Du Y. Neonatal adminis-

when Asn was substituted by Asp.  Cyt can
be substituted by hydrophobic residues with-
out losing the ZNC(C)PR activity. and the ac-

rrations of a vasopressin anmalog | DDAYP ) and hypertooe
waline enhance learning behavior i rats.
Peptides 1485: 9; 717—C1.

Ly RY. Lm ', D YU.  Faollwatem ol

.. . . .. AT

tivity is related with the hydrophobicity. )
; . _ vasopressin andlngs on leanung and nwctoory mocats,

From the calculation. Pro might be essential Acta Pharmacal S 1990 11, 97— 11

to the maintenance of the conformation. In B MulF. Xu). DuYC. Lin €. Lu X

general, the experimental results are in agree-
ment with our expectation; a relative compact
structure is necessary for their hehavioral
activity.' ]

According to the predicted conformational
properties s, many possible analogs can be elim-
inated prior to the experimental investiga-
tions. But the theoretical calculation algo-
rithm to predict the conformation of peptide is
.not perfect. since the predicted conformations

are sometimes different from the actual.

ACKNOWLEDGMENTS Miss MA Ke-Yin
and Mr LIU Ren-Yi for their assistance to the
peptide synthesis and hicactivity analysis.

Conformation studws on pentapepuide ANU (0 PR oand
[D-Arg JENUCVCIPR {enm vasonres<m by 20 NAIR.

Acta Biochum Biophys 1990 22: Hai— 411,
Wang PL.. 1Lai LH. Pu YC. Jiang SP. Xu X].
mation of ZMUCWC)PR and moleculac dynarrnes ~nnulanon.
Chin Biochem J 15923 8. 19— 23

Wang FL., D YU, Jiang <P . Lai LH. Xa X}
of 1he conformatnn of ZNCUUITPR apalogs,

toonfer-

Prodictumy
[r; T YU
Fepndes. hundogy and chemusirn. Pro

10U A

of afv edilors.
ceedings of the Chinese Pepiide Symijasium
11—15: Shanghai ¢ hma.
A3—-.

Bronks: BR. Bruccolert RE. (Hafson Bl St DJ.
Swominathan S. Karplus M. UCHARMM.: a pongrans {ore
macrotnolecular energy. mnumzaton. dod dyoames ol

culations,  J Comput Chem 1903 45 187 =217

Beipng: Sacnee Pross, ititl:

REFERENCES

[ 3=}

_ab IR VWD . z2iE
s iB1Z MR ZNC(C)PR asfqua@ %
B ENXTR

R7T71-

ERER.HBE PEASEESEMLERT
FE. FdEroonzl. @y R 2 EMBR (4=
FEEESR. AT 00871 FE

Burbach JPH. Leboulle JLLM. Proteolyiic conversion of

aFgunine-vasopressin and oxylocin by bramn synaptic mern-
J Binl Chetn 1943 258: 1447 —94,

Burbach JPH, Kovacs (Gl., de Wied [, Mimpen JWV,
(recwen HMbL

branes.

A major metabolite of arginime vasopressin

A ME  ZNCCOPR R A BB R ]
iDL YEF ) R k. A2 SCIR AT L 2D-NMR

10 the brawn w a baghly potent neurnpeptide.
Soence 1983: 221 1310—12.


http://www.cqvip.com

« 316 - BIBLHY: ISsSN D203-0756

Acta Pharmacnlogica Sirica

E AR 1964 Juls 15 741

TEMMEHE AT R MU R FIAER X
ZRITH T 454 ZNCCHPR 2 a9 B+
RERTEE T AaE . IRIE FIRI T SR E
EEEMBI T, FEIETMERT S M H®

BIBLITS: TSSN u255-9736 Acta Pharmacolngica Smirca

TEAERF R

K mpiseiE. SR STMMEF. H—E
BEEA S FEHERIUEER-LHF.

U D RIZs WK HEE R

Tuid Jul; J§ 3 3la—ulv

Effects of low level lead exposure on behavior of young rats'

TANG Hai-Wang, LIANG You-Xin, HU Xiao-Hong:
{Depurtment of Occupational Health. Shanghai Medwal University . Shaughui 200032, China)

ABSTRACT Dam rats were given Pb (0. 58,
1.76. and 5. 27 mmol+L.7'), containing water
ad 4if from d 16 of gestation to weaning of the
offspring on d 21 postpartum. The pups con-
tinued drinking the same water till the post-
natal d 30.

pups was tested.

The neurobehavicral function of
The second -step-down
latencies ( SDDI., ) were shortened and the
number of step-downs in 5 min {NSI)) were
increased in step-down test.  The prolonga-
tion of the lapse of time in passing through the
whole course (LTPWC) and the increase in
number of entries into the blind alley (NEBA)
were measured in water maze test. The num-
ber of ambulations and rearings were increased
in locomotor activity. The results indicated
that Pb exerts adverse effects on the learning
ability and memory {unction, and induces

hyperactivity in young rats.

KEY WORDS
ior; learning disorders;

lead poisoning; animal behav-
memory disorders;
locomotion
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Pb-indured neurchehaviaral effecrs were
How-

ever. ralatively few studiex on behavioral stu-

reported both in children and ratrs !

tux of young rate exposed tn low level Ph bad
been reparted. The present study descerilied

the [indings of neurobehavioral elfects
terms of cognition. spontaneous activity. nond
muscle - conrdination due 1o low  level I’

eXposure.
MATERIALS AND METHODS

Rats  Sprogue-Diowley rats { £ . n=21) on d t0
of pregnancy (weighing 352 - » 25.-;.{? were rirndomly
divided intu 3 Pb-poisoned grouypes and a ennerol grimps,
The posoned groups were dosed wih o solunpn con-
taining lead acerare {from Shanghai Fourth {"henuenl
Reagent Factory) 527, b 76. and 0. 58 mmol <E7 '
respectively. in deinking water and the vonrrol wroup
waz given distilled warer from d 16 of gestanon 1o
weaning of the offspring on d 21 posypartum. The
pups continued drinking the same water till poscnatal d
30. On postnatal d 30, 6 & and & § pups per grou):
were used for neurobehavioral tests.

Pb con-
tenrs in bluod and cortices were derermined using o Hi-
tachi-30
wmeter.

. Lead assay The rats were decapitated.

flameless aromic absorption  spectrepho-
Neurohebavioral tests
1 Water maze

cm > 35 ¢m was used.

A warer maze ol 19O em = O0

L.TPWC 1k NEPA were
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