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Stability and Molecular Modeling of Triplex DNA
Inhibiting DNA Binding Protein Binding to the Core
Promoter of Hepatitis B Virus. YANG Jie, LIU Ci
Quan ( Kunming Institute of Zoology, The Chinese
Academy of Sciences, Kunming 650223, China).

Abstract Two three dimensional structure models of

the 21nt oligodeoxyribonucleotides, CPl ( G3TG-
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2TGT2G5TG2TGT)
GTG2TG3),
software in IRIS Indigo2 ( SGI) workstation using

and CP3 ( TGTG2TGST2-
were constructed by InsightIl ( MSI)

the crystal structure of TAT triplex formation as the
template. The initial structures subsequently were

The final struc

tures were believed as the dominant conformation.

minimized by molecular mechanics.

The results showed that the energy of CP1 is lower
than that of CP3, and the former is more stable than
the latter. Moreover, the results further proved that
the 2Int oligodeoxyribo-nucleotide CP1 stably com-
(Cp) fragment of hep
atitis B virus (HBV) to form a triplex DNA, and
CP1 specifically
(DNA binding protein) binding to Cp fragment.

bines with the core promoter
inhibits a specific cellular factor

These results indicated that specific repression of gene
transcription of HBV DNA might be possible by
triplex-formation DNA.
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(HBV)

triplex antigene strategy,

e s NGF X PC12 2 MAPK 3R HY 200

R

ANERD % &

R EER

( 3% T B 25 L7t Mﬂr FIE 116013)

T AR REE N E O (MAPK)
MAPK (1775,
(A. halys ) g e BN 7
B MAPK itk a5 32,
. 4EEEE NGF 5% 75 25~ 100 bg/ L I,

Ao A R A B A R B I
VLA 45 R AN S0 60 BT 28 1 1 L A4 o i 48 A W00 9 4 1T i 10 Bk o 1 A 55

- (NGF) #3230 9% PC12 41 M, W% MAPK Fl MAPK il
A . halys ¥ 8 NGF i PC12 41U (1) MAPK H1 MAPKK (1)3ik B MAPK $5% 1 &k 1%
fifi e J 11 38 D,

TR B VWO, ) ) A5 RO A P 2 R
H&AK A G E e
(MAPKK) ik

W6 1) T R 3T Pk SR PE RN, AL halys #E#E NGF

0 MAPK Al MAPKK 23K [F 38 hn i st 1= 8 (138 C (PKC).

SR AT LA RSN I R TR, A KR T,
ZRoES QT8

A 22 5y 2 D5 W0 1 8 B R ((mitogerr
R R —
AN H B O A T
Z VA AL MAPK .
J MAPKK i F

activated protein kinase, MAPK)
REA WA, LRS-
eIk N (A T 5 .
MAPK ¥ B ( MAPKK)

(MAPKKK), 3X/N A4 A 4 A2 40 i 389 B £ 5Lk
NN RZ 2 R/ i — AN JE A @ . MAPK A 540
b K S B g KT (NGF) fig

(e 30 K Bl P iR 8 % AN R PC 2 4 L R 1 0 AL,

KA A, i,

PC12 41y

kg o, REKAAEER ( Agkutrodon
halys) U ARZE A=A PR 7B HAT R FE 0 7
B E A JiE i g B 40 22 A2 A B 5 MAPK rﬁm
Gbasgm, X557 NGF {4 Ll . K
SO (1) AR BB R 7 AT L AR 50 ok
K e e B IR P T R PR T B K

DRSO IEN Sy, PRI R A

Y IHE PR O, K 116027,

Tel: (0411) 2683872, F-mail: dimps@ mail. dlptt. In. en
Wk e 1999-03-15, &1 1999-07-16



2000; 27 (3) M FEE5EMEHERE

5. ACMEEA . halys W HE NGF %F ERK1 (—7#
MAPK) Fl MAPKK-XI [k, LA XS ERK1 1)
PR g, LR e AR S B A ¢ 2 alf
KR, untklﬂ%L\HHf"i@rJﬁamm KT
S MAPK 345 45 ML

1 #MR57R®

1.1 ##

KU L IReE AR 40 % PCI2 A R, 36 [E 4
SN R, 26 AR e BT AERLE O AR
FHLME AL halys B3 NGF, LLiGTES. 75 ug/L, H
$&, WIkal (MU R R K, (e PC12 41k
UL 1); RPMI 1640 Ki752E, Gibeo, FEH; /h
AR, O TR R 56477 ) T, ERK1 (MAPK
FEPH)— 5) PUER MAPKK- XIFi{&, Kinetek
AR T (INFE K UBC 1 Steven Pelech #(#%

Prog. Biochem. Biophys. « 287 -
%y, L& MAPK- XI #1 4 ( anti MAPKK-

subdomain XI) J&XF 55 ku MAPKK 455 714 1) e
Z PR, e AR R MAPKK EAUIX XI5 A
(922 Jik i R Bk Bk 22 KBRS
ERQDFVNKCLVKNPAERADLKC. [t 3 %1 5 20
B 21 MERIE (> 95%) SN KR DR KR
MAPKK BAT[FEYEYE. 3, 3- AL L #h 2 &6
(DAB). Jbutfb L) ; ABC 258, Vector Laborato
ries, Inc. JE[E; fE AMSEIL (leupeptin), P
K (pepstatin), 28 HUALMEREE % (PMSF), PKC
FIFIH-7 [ 1- (5 5w BEAL) 2 1 JEORIE, 1
( 5-isoquinocinylsulfonyl) 2-methyl piperazine], fifi
BB E 2 1 MBP 328 Sigma 7= &h, FE[H; Fuji X-
ray [ F, B R A RRaUa A, HA.

CS-9000 74

2117 ZhE vk, LKB, Xidt;
Ko E A, S, HA.
(b)

E1 AEHEEEEH NGF (50 bg/L) 1Ri# PC12 AL KA B E

(a) AFHEL: (b,

1.2 A&

1.2.1 MK SR PCI12 440 T & 20% /-
M) RPMT 1640 K77k, B 5% CO, B 974
W, 37 CHEFE, B 36 IR — IR IRIE, SRR
o) A S 1 4 .

1.2.2 AR B HI & e Bk Kz
MM, MM RFEE (RPMI 1640 10.4 ¢, Ji=
ZOKZE 1L, i pH HZE 7.2, G6 )ik uEBR )

(e). (d) 4054 H] 50 vg/ L NGF 440 2 d, 4 d A1 8 d.

VEPTV, 1) 400 N TG L35 55 5% 00 40 i Kk 2 x
10% ml, H 37°C 5% CO, WEFI V1 4 h, #5054
T, ANy S n HEAL A AL FRZL. 43 BN N T ML
B RS AR BEA L halys 75 NGF (1) (fiL3i5
Kig#, B 37C 5%CO, WMAPRIFF 1 h. B 2x
10" N4, 4% 1 mmol/ L NasV Oy fUKYA 11) PBS
SmlPe—, BOWCEYN . 0 0.5 ml 40 i i
W% 20 min (4°C), K/K#EHIE S 15 min, Bl



+ 288 -

10 000 r/ min ZCr 15 min (4°C), iy g0
HUB, H Lowry &M 8 A& 4. - 70 CI 77,
& H.

1.2.3 ERABEE: B 100 vg 412 B0R 0 & G
R SCHR [ 8] 1K) SDS- 28 TR 475 Ik Jide 5 Jle A~ 3 432 W
WA, MATEEREK, W4 EE 100 V,
SrE R 150 V, LYK 4 he BRS040 K
TEEFE 08 pI O (39 mmol/ L H 2 B8, 48 mmol/L
Tris, 0.037% SDS, 20% W &) = -F 4 30 min.
TR AT 4 35 WAL 2810 /K 2 i 20 min, ARG 7EH:
B 45 1 h, JEACTE R G2 phil b i
30 min, 7F LKB 2117 £ 3jfig v yk 4 k47 8 Ak

EPE ML YK, ED 3B Jo B I 4% 5% BSA [ TBS
( 20 mmol/L.  TrisHCl 2% b i, pH 7.5,

150 mmol/ L NaCl) 02 h (%), H% 0.05%
L 20 ) TBS (TTBS) ¥EFU. fEX4f MAPK 45
SR % B PUAR ERK1 806 MAPKK 45 5% 10 %
2 v BEPUL A MAPKK- XIFF B & b i (= if). &
H, HTTBS R BEE Mk, e ELK iR
IgG (H] 1% BSA-TTBS, 1:3 000 # k) i
2 h (Ei). B TTBS YeMik, M TBS ¥E—iX,
£ ABC W5 CE 2 h, 1 0.05% DAB (%5 min,

1.2.4 MAPK if PR . HL 2 o/ L 86 2 A
10 KL, 70 20 Bl 22 PP (12.5 mmol/L. MOPS,
pH 7.2, 12.5 mmol/L B @& H i, 7.5 mmol/L
MgCO3, 0.5 mmol/L EGTA, 0.05 mmol/L NaF,

2 mmol/L. DTT, 0.5 mmol/L HLEZ 4N, 25 mg/L

) I 2 3 4

P NITINEN

S F 5L MR HER

Prog. Biochem. Biophys. 2000: 27 (3)

BSA, 100 HEmol/L ATP). 50 Hmol/L [ v**P]
ATP 1 100 ug HA. halys # % NGF 43 1 h 11
PC12 203 O ) 8 3 i, £ 30 C W 15 min,
IR N2 (1 ml 2 mol/ L Tris, pH 6.8, 2 ml
20 % SDS, 4 ml Hih, 3 ml 219 /K, 308 mg
DTT) 10 wl, ff Wi ik, SRJ5 34T SDS B I
Ehfg ki, B i 280Kk, T, A Fuji
X-ray EH7E 4 CIUE A W52 48 h, X B @A iifT
DG AR E R o IR E S S8 R250 W)
(R250 1.0 g, HEZ225 ml, L& 50 ml, InzZ&miK
2500 ml) L .

2 5 R

2.1 #¢3 NGF % PCI2 40 MAPK % MAPKK
Fix5EEMENG

2 AP 3 /& PC12 4 L B AS ] 9 1) i
NGF (25.50. 100 ug/L) 4bF 1 h, ZHEAME
R AGEROIE AR, mE 2 KE3H, A.
halys U# NGF 1 PC12 402 (1) MAPK FI MAPKK
AL B G 0R,  Mqde i NGF IR 5 76168 it 1)
25~ 100 g/ L G, BEAEER RN, B RIE
BEEVER .

[ 4 i NGF 5209 PC12 412 MAPK F1
MAPKK Z&ik ()i ] i &, M IE 4 a7 WL, PC12 4
20 % NGF (50 Mg/ L) 7F 37°C 5% CO, 4
Fi 3% 90 min [id BEF, MAPK Fl MAPKK [f) ik
7E 60 min 3K 5% 4, 90 min B 3R PR 3k 4 K

(b)

WL (SRR L)

L L

0 25 50 75 100
p(NGF)/pg+ L™

2 AFEREES NGF 3 PCI12 415 MAPK 3ikAY &0
HI NGF AR BE PC12 40, K40 Mo B2 AT SDS- 208 A J5 Tk Jpde 1 g v vk BB (S ER 38, 88 05 T ERK HifR s 4 fi.  (a)
BRI et b, 1. XM 2.3, 4: 54CEA 25, 50, 100 vg/ L NGF AFEANM0. (b) 44 ku e 04 (1) %
JEFNR A AL, AR Ay e I % €0 DX S S T A0 R (A OB S 1T )



2000; 27 (3) S ESENPEHE Prog. Biochem. Biophys. * 289 -

(a) 1 ! 2 3 4 (b)
& 3.0

55 — M‘ Ty W— —
el ) 2.5F
2.0F

1.5f

MBI (5 X BRI

1.0

0.5

0 25 S0 75 100
o(NGF)/pg- L

E3 Q\Ei#EkieE NGF 3 PCI2 41i MAPKK Ri% 6800
HI NGF AbFE PC12 M0, 45 A1 I3 B0 J0E AT SDS- 25 1A s B Jide 6 J2 v vk M A 10 BN E, AR5 F T MAPK K- NI S 38 e (5,
(a) WOATENE g ge@m i, 1. XM 203 .4 825,50, 100 Bg/ L NGF ZLH4I. (b) 55 ku Jeff X A5 15
BEFIREES BE, AR AR by otk 17 e €, 15K A5 53 PO 41 i 97 7 W A R T B ( D 1 AR % TS A
(a) L2
ku

{ic)

WE B (50 L)
KR (SX L)

20 40 60 80
t /min f /min

4 BEtEEEEES NGF (50 ug/ L) #2068 PCI2 {RAf3%i% MAPK 1 MAPKK R B (8] i#t 12
(a) %75 ERKI [ R ENE G e G . (b) S8 MAPKK- XUTER MR ED S S s et 1, () b (a) [R5 15 F140 45
Beo(d) b o(b) MOEERERIRESSE. 1. XM 2 03 .04 050 43R S0 ug/ L NGF AEHANH 10 . 30 . 60 . 90 min.

Bl 5 b A [R) WK i 3 NGF (25. 50. WML, A. halys #3E NGF fig# s MAPK 35, {f
100 g/ L) AbFE PC12 40M)5, MAPK ihtE&R A4 MBP BERRILIE N, BHAF I & NGF WK 104 i 1L
1k, 50 MBP BEER AL SO 1 B g S 3 MAPK WS ME4E FL s,



= 290 - S FES5EMMEHE Prog. Biochem. Biophys. 2000; 27 (3)

(b)

MAPK AT TGP (53 L)

0.9 1 L 1 L

p(NGF)/ng-L"
Es5 BBk H NGF 3 PCI2 40 MAPK ;& A9 % 00
(a) il MBP B PE# s ERKD AFPEMBUR A S8 . 1. W, 203 .40 2850 25. 50, 100 Bg/ L NGF 4bH 41
B, (b)y A (a) JBCR Sk I b REAT S T A O A i 2.

2.2 H7 3% MAPK #1 MAPKK 3Ri%89 &1

1 PKC il 57 H-7 X PC12 40 B FiAL 3 1 h, KH H-7 & HH PCI12 412 ) MAPK Fl MAPKK
SR AR (A e # NGF (25 . 50 . 100 kg/ L) LW k> (B 6), WA, halys ¥ NGF
EHE 1 h, S5H G5, MAPK F1MAPKK f)#ikLt Wm I MAPK . MAPKK [ A B9 Infisi - PKC.

(a) 1 2 3 4 (b) ! 2 3 4 5
]’(U i : T,
44—»
. d
(c) 1.6 (d) 3.0-
1.4
3 12 g 25
Z 1.0 = 2.0F
_'_"ﬁ _'\]‘:!-
g 0.8 g 1.5F
B 0.6 &
=l = 1.0
¥ 04 &=
0.2 0.5
1 1 L 1 U 1 1 | 1
0725 50 75 100 25 50 75 100
p(NGF)/pg-L"™" p(NGF)/pg- L™
B 6 H7MEARBHEEIESH NGFIFESH PCI2 4B MAPK #1 MAPKK 3Ri% B9 %1
FH PKC 4017 H-7 (60 mmol/ L) AbFE PCI12 400 1 h, SRR ANFIMEEN NGF (25, 50 . 100 ug/L) #FE 1 h. (a) ERKI

()4 BRI o e e o B, 10 W (X H-7, K NGF): 2.3 .4: B H-7 J4r 5 25, 50, 100 ug/ L NGF 4B 41
Hi. (b) MAPKK- XUFH FORES g deta b, 10 XM (UM H-7. K NGF); 2: XM (L H-7 & NGF); 3.4.35:
I H-7 o4y B 25 50 100 vg/ L NGF AbELANHY. (¢) w— w1 2E 5 P4 6a 1] 44 ko Je oo [R5 FEF1T LR, o — e iR 5] [
l 2b. (d) w—miliZE 2P 6b 55 ku Bt XAy @ B M, o — o ek TSI A 3b. o —e: NGF; m—m: H7 fil NGF.



2000; 27 (3) M FEE5EMEHERE

3 i it

PC12 41} Z S WF9E NGF hRERE FIBLHI 5
M4 AR. NGF REfEit PC12 41401k, HARIX
—VER B PLEIA 12035 2, (H AT SCEkIRIE NGF
e S PCI2 40 aR A i Ae!™ '), BRIk kA
TEAT 2247 25T 06 2 I A A% 3 1 4% i o 24
JH, MAPK 2 B A4 3 A vp 3 K2 i ity 2 —1'
"C AR 2 4y R R A IR S, AT R
RHEKPIT (epidermal growth factor, EGF) Al
e NGF ¥Jfie %53 MAPK ()3 {k. EGF
%31 MAPK s A T PKC, NGF 5511
MAPK FiEALKH T PKC ', szabah Lk n], &
ERFP= K A A (A, halys ) 3LdgHE NGF
fieff MAPK 1 MAPKK [J#3A LL K MAPK (351
WIS, IR BELEE A BT 25~ 100 B/ L 3G
FEN, BEAKEERIN N, MAPK F1 MAPKK [ #ik
Gt R . b g AR AL halys 1 EE
NGF fig#% MAPK 1 MAPKK. i PKC 4914171 H-
7K PCI2 4l FiAb2E 1 h, SR )5 HldEHE NGF Ab2E
1 h, #5418, MAPK F1 MAPKK ¥4 (it hE 4%
KHIH-7 AL H ) PC12 40 0 18 8 1 5T A W 8 ek 2>,
KA . halys ¥ # NGF $#3% 1) MAPK 1 MAPKK
FIK 1 85 & D 4y Hh MK T PKC. PKC A
MAPK 1 MAPKK [1J EJi#4f Ras MAPK 342 1E 1]
W, HLE R E R A PKC 4] Ras GDP
(R A0 RN B335 Ak Raf- 11, H-7 #0146 PKC 1935
PE, A PKC % Ras MAPK 3442 1 1E 1 45,
ffif#i T PKC i 8 NGF i 511 MAPK £k
N2 B, SR H AR ) R R R e G i
WY SRR, A5 S f U TR R 9 Sl /D, R ) A
Mk g B, PCI2 LA . halys W7 NGF
(50 vg/ L) 4k BE A [A) B W) J5, £ 60 min B,
MAPK F1 MAPKK 2k [Riis 41 Fl f %, B BAAE
HoAbsizge b, PO AL 1 h.

a0 M A8 AE 5 U WIS (extracellular signak
regulated kinases, ERKs) 88 MAPK, X%
I =AMk 0 ERK1 . ERK2 F1 ERK3 4 o & O
R4 ST ERK L A1 ERK2 J& T S/T 4K M 5
W, EANTHEOR FHEAE Y AT FRIE E R R
Aol A A A 4 T B 3 . NGF L W B T
1 ERK 3E YN ASCHWAESE T A halysNGF
X ERK WG PEMI LM, ERK1 Hiik /&6 ERK1 455
% see ik, SExT T KR 44 ka ERK1 & H

Prog. Biochem. Biophys.

+ 291 -

MR Kk 352 3| 367 A2 JE R MK BL. A1 44 ku
ERK1, 4542 ku ERK2 528 LMV, ME 1A,
A. halys NGF {E540 44 ku ERK 1 KL FEN, 5
42 ku ) ERK2 4548 RN, % 5% m 5 %) ERK1
FIK 5L R AR,

MAPK # i (MAPKK) J& MAPK #A4i—
AR, R FRANEY R Y B S/T BRAE R AT
R SR I B O, A MAPK YA
TEY-IF 2 i) T 5 Y 5k i X 0% iR 16 W0
MAPK. A. halysNGF AMUGEW MAPK £k, 1M
HOb MAPKK (3R IE AT LM, A4 MAPK %
Ik P T 6 MAPKK 205 [ 52 W9, NGF X
MAPK A0 ()56 W JLAE AL AT A7 Rk

ATV, MAPK [F¥E A 55 40 i 2 24 n
SRARIE R, A7 2270 R R AL 0 X 1 B g i 2
MAPK 3546, Ik, 3 ATT47 21 A1 4%, MAPK
AT HVF LA Gl B, R AL T 40 i o 2E
B 1) 455 1 394 B 1 A T ek A el T A .

2 % X M

I Davis R J. The MAPK signal transduction pathway. ] Biol Chem,
1993, 26 (20): 14553~ 14556

2 Nishida E, Gotoh Y. The MAP kinase cascade is essential for
diverse signal trans duction pathways. TIBS, 1993, 18 (April):
128~ 131

3 Pelech S L, Charest D L, Mordret G P, et al. Networking with
MAP kinases. Mol Cell Biochem, 1993, 127/ 128 ( November) :
157

4  Tombes R M, Auver K L, Mikkelsen R, et al. The mitoger
activated protein ({ MAP) kinase cascade can either stimulate or
inhibit DNA synthesis in primary cultures of rat hepatocyles
depending upon whether its activation is acute/ phasic or chronic.
Biochem ] ( England), 1998, 330 (Pt 3): 1451~ 1460

5 Xing J, Kornhauser ] M, Xia Z, et al. Nerve growth factor
activates extracellular signatregulated kinase and p38 mitogen
activated protein kinase pathways to stimulate CREB serine 133
phosphorylation. Mol Cell Biol ( United States), 1998: 18 (4):
1946~ 1955

6 Boglari G. Erhardt P. Coover G M. et al. Intact Ras function is
required for sustained activation and nuclear translocation of extra
cellular signak regulated kinases in nerve growth factor-stimulated
PC12 cells. Eur J Cell Biol { Germany), 1998: 75 (1): 54~ 58

7  Victor I, Schwenger P, Wei L, et al. Tumor necrosis factor
induced activation and increased tyrosine phosphorylation of MAPK
in human fibroblasts. ] Biol Chem, 1993, 268 ( 25): 18994~
18999

8  Ullrich A, Schlessinger J. Signal transduction by receptors with
tyrosine kinase activity. Cell, 1990, 61 ( April 20): 203~ 212

9 Halegona S, Patrick J. Nerve growth factor mediated phosphory-

lation of specific proteins. Cell, 1980, 22 ( November): 571~ 581



+ 202 -

10 End D, Tolson N, Hashimoto S, et al.
induced decrease in the celk free phosphorylation of a soluble protein
in PC12 cells. ] Biol Chem, 1983, 258 ( 10): 6549~ 6555

11 Ray L. B, Sturgill T W.

microtubule associated protein kinase. Rapid isolation and stabiliza-

Nerve growth factor

Characterization of insulir stimulated

tion of a novel serine/ threonine kinase from 3T3 L1 cells. ] Biol
Chem, 1988, 263 (25): 12721~ 12727

12 Gotoh Y, Nishida E, Yamashita T, et al. Microtubule associated-
protein { MAP) kinase activated by nerve growth factor and epider
mal growth factor in PC12 cells. Eur ] Biochem, 1990, 193 (3):
661~ 669

13 Ay, Mok, ulBrRL Al A s R R A e S
S ik, 1996, 16 (3): 14~ 17
Zhu J F, Zheng Z C, Liu X Y. Chemistry of life, 1996, 16 (3):
14~ 17

14 Boulton T G,
signak regulated kinases ( ERKs) with antipeptide antibodies. Cell
Regulation, 1991, 2: 357~ 371

15 Boulton 1 G, Gregory J S, Cobb M H. Purification and properties
of ERKI, an insulirstimulated MAP2
Biochemistry, 1991, 30 (1): 278~ 286

16 Crews C M, Alessandrini A, Erikson R L.

Cobb M H. Identification of multiple extracellular

protein  kinase.

The primary structure
of MEK., a protein kinase that phosphorylates the ERK gene
product. Science, 1992, 258 (16): 478~ 480

17 Thomas S M, Demarco M, D' Arcangelo G, et al. Ras is essential
for nerve growth factorand phorbel esterinduced tyrosine phos

phorylation of MAP kinase. Cell, 1992, 68 (20): 1031~ 1040

tRET B AR ku80 E

S F 5L MR HER

ESEAS

Prog. Biochem. Biophys. 2000: 27 (3)

Effect of Nerve Growth Factor from the Venom of
A. halys on the Expression of Mitogen activated
Protein Kinases of PCI12 Cells. QIN LitYa, LIU
YuXin, ZHANG Lei, SONG LingLi ( Dalian
Institute of Medical and Pharmaceutical Sciences,
Dalian 116013, China); CUI Zhao Chun ( Dalian
Medical University, Dalian 116027, China).

Abstract M itogen activated protein kinase (MAPK)
is a group of important protein kinases involved in
phosphorylation cascade in the mitogen initiated sig-
NGF from Agkistrodon
halys has been used to investigate its effects on
MAPK and MAPKK of PCI2 cells. The results
showed that this kind of NGF increased MAPK and
MAPKK expression and MAPK activity. The above
increases were NGF concentration dependent in the
range of 25~ 100 Bg/ L. The use of PKC inhibitor H-

7 indicated that the increased expressions of MAPK

nal transduction pathways.

and MAPKK expression were PKC-dependent.
Key words mitogen activated protein kinase, nerve
snake venom,

growth factor, Agkistrodon halys,

PC12 cell
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