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H,O, Xt A 42 B AR R: SR Y1 55 2R SN KA 5T

T, REE, B, AR, REE, BHH

(TPER =R ARy e, T 330022)

WE: AT HEE A2 F (Huperzine A, HupA) )i &/ 4~ [Huperzia serrata (Thunb.) Trev.JHRAE, X H,0, 3548 5 AR
AT THFST. S5 RERH, FRRRAER RN HupA SR EFRG, HIRBE5mHRER SHA2, FAEXAEKZEM HupA &
53 IEH] 4499.28%F1 261.17 Ly g DW, HLARIRIPR VRS 52 5 1 2.35 £ A1 2.43 fif; bk &I Al f ML R (1 FT SOD 7]
TERENEEZE R, BT 9 TR, ZrrbRiknT DIRsE il . B, HO, SRR REFIFEL RN, AL
FF 3% 7= HupA FR &R .

KGR MR A, HHIRIE, AT, H0,; WIS FR; SOD [F LG
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Studies on H,O, Induced Effect on Huperzia serrata in vitro

YE Li-nan, TU Yi-sheng*, HUANG Qian, YU Xiao, YUAN Hui-hui, LU Shu-min

(College of Life Science, Jiangxi Normal University, Nanchang 330022, China)

Abstract: In order to gain high yield strain of huperzine A (HupA) from Huperzia serrata (Thunb.) Trev. in vitro,
the hydrogen peroxide (H,O;) induced thallus was studied. The results showed that the HupA content in induced
thallus significantly increased. The strain SH42 had highest yield of HupA with relative growth rate and HupA
content for 4499.28% and 261.17 pg g * DW, respectively, which increased 2.35 times and 2.43 times of the initial
strain, respectively. Moreover, there were significant difference spectral band in SOD isozymes and soluble
protein among strains. The variation characteristics were stable after nine generations. Therefore, it was suggested
that H,O, had good induced effect on thallus of Huperzia serrata, which could be used for screening high-yield
strain of HUpA in vitro.

Key words: Huperzia serrate; Thallus; Huperzine A; H,0,; Soluble protein; SOD isoenzyme
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WA S TR T AT T IRZ W, LA A
HupA I 07 % BAEE NP R L.
PR HAT R HupA B8RS, BB e 2 a4
FY PA) A B B A R S B4R, DL ST B AL AE
LR, fEHLRFRT AR L e a2 2R
IMEE, B B A2 SR AR ZEC R A
TR SR HE T A AL BRI R B RS IR BOR [
IR 142 7 HupA [ fhie 2 AR 3 A0,
{HIERAA T HupA & & rfrig e .

N LRSI S AR AR . 35 Rk
B 5RMZAANIE B R ab A A R05%. 1
EVARIA SR G AN BT DNA S5k 8 i
FrRAZ AN DNA Z il e S A VRN« Her 7522 77
Ho0, FJ LU I I S A S e B 2 55 3 P A A ot
YEFHT DNA L, & 5 DNA [ 5 a8 O0UE W 24 K il
FERECE, SRR TR AR, AR
Ho0, FAZAL PR AR AT A2 IR, ISR Mo A
Q) R ERE A KR, L M IR AR,
HIEAFERE S 7 RUKAL 57 bk R T BRI 200

1 MR

1.1 #et

DA S 56 5 A0 BT N A8 7 A AZ B (de e A
KR AR, B A i 4 A% [Huperzia serrata
(Thunb.) Trev.JAE#k B A BB Bt I 11 RE A7) el /25 Jze
PR AT 01 % 8 SR

1.2 H,O, B3R AL 3

FERIURIE A ARAR (ED Mo 4R, ORI CK)
FETC T SRAT T 70 B B i (8 i), o3 st
RS 3% 4.5%- 6%IK 1) H,0, 1R AT e Ab 3,
FFANUREE S HEN 7 min, 10 min. 13 min. 16 min
F119 min, SR TG KBEF AR H0,, BEJE#
N IR AR 7R IR 8 (BRI 20 Jv), H%#%)5 90 d
Guit kS AR g, A ESE 3R A7
TG 2R (%) = TR A I B B S Rl £ <100%.

1.3 MRIER R B 5355

WRBSIMHENR  BURZIKEAKT 60 d
[y AN A A2 IR A A B, 20 T TE TR 26 1F R
EI e/ INERL, B B I L A DR A R A A
FRFR, JELL SHL1. SH2--frsabk &R, DUEEHIAAE

50 d 4kAX 1 I, 3%k R KGR E B RL
Bsrgft  SEEHASIHRER) 14MS HER
K375, pH 9 5.8~6.0, YRRy 377 pmol m%s
FIEYe, BHJEHE 15 h, 7EMEE (2242) CHE =5 S
75, 80d A 1 MR,
HRAR Hup A $2EURT HPLC fa il
E

SRR E

1.4 ZBtREBRERES (AChE)HE MRl

K F DTNB {2 8548 W iR 4k AChE 1) ¥
P & Rk RS 0.25 g mL R AR U
5% 30 pg mL " ) HupA ARifEfh 25 b, 0.22 U mL™
ff] AChE 25 pL. 5 mmol L BBRACHLR 2. Mk fIE B
(ATCI) 30 uL, 0.1 mol L™ (pH 7.8) KBRS MBi kb
FEAARR 95 uL, WRAI 37°CHEE 30 min j5, HUH N
N 4%+ R LR RSN 10 pL £ 1k R 20 min, I
100 pL 0.05 mmol L' DTNB &8, #/5HK
200 puL 1 96 FL, 7£ 410 nm KA E OD fH. it
B OAChE HIHIHE (1, %) =[(A m —A mi)— (A pi —
A k)] (A e — A i) X100%

1.5 SOD i

SOD MHFEHREE  FEuEMEL 0.2 g #5377 80d
(T B IR AR B TR, S ED IR A GG, 15 1
6 (W/V)IIAM 0.1 mol L™ pH 7.8 R 25 0 i ic B
1) SOD #2 UK (M 2 5 mmol L™ DTT H15% PVP),
VKRR ST, TE 12000 %g K 4°C 5.0 20 min,
Y BIEHD A SOD HEW, I Bradford™:4s
DB AIREE, —20°CUKFEIRAE & -

SOD R LEgrzk  KHJEHN 1.00 mm, KA
K9 10% 143 85 12 F 3. 75% [ e 448 ik L ik 43 25 SOD [
TEgle, gAML AR SR 6.65 pg EE, 45
KRR 80 V A1 150 V VKIS (4°C ~6°C)HEATIRZE L
Ao S ik, A DU (NBT) Y,

1.6 FIEE G

EORBONERK AR 0.2 g 595 T 80d
Ry e IR AR, SRR 28 B T ) o L IR
TR e U RO - S I - I S L
Bradford™ LKl & A BRIK L, —20°C R BERE %
F . SDS-T A it i B ik (SDS-PAGE) K 5% 4
AN 12%I1 53 B, AN SRR L ERERE 10 pg 2
.43 BSR4 80 V Il 135 V 25 iR AT M 4 ke Al
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5 6 1]
BRI
ROEMPLE  KIRBIRBAE 50 mL AL B 47

0.1%7% 15 2% R-250 YL e, Ty in#4 40 s (B
R 20 s)fi g, SR IR E 4t 20 min J5, H
A 5% TEE. TY%UKHEETR I OB T I B 2T 5
B, SLHIAIE.,

1.7 WG

K:F Origin 2015 S it A#H % s, 14 F SPSS #&
AT B 5 o HT
2 g5y

2.1 H,0, 8 B3 3
MR LRI, W2 A A2 IR AR (R A7 35 R i o

B 1 H0p AbTHXT i A7 175 2 (%) AU 2
Table 1 Effect of H,O, on leaf survival (%)

Ho0, W FE [P I R FAL BRI [R] (Y E K 22 R B . 4
Ho0, W B KT 4.5%K, % 5 I A775 22 B S5 N B4
M H,0, W JE R 3% e AbEE 16 min B A FN
47.63%, ETV-EIOR . BT LBORIENF R
W &L, ASza6 i F 3%1) Ho0, #E4715 25 403 16 min.

2.2 R RS ST

22 H0, Hhaif AR AL HE 5 (% i, ek 2
R EE TR FRMEL . 5597 3 d JFH- IR 2 A
(K 1: A), 15dEHIKEAKIZR, 7LLE 36
A e aR 2 (B 1 B) B R A K T 60 d
) BN R A [ B 7] 8] i /s Dt e 2157 1 ) 1) 1%
FrkE EERBRA IR R ILEEST T 115 MR R
AR SRR MM EK R, TR & EU LR
HupA 2RI, Mkl 17 20 MRk RGER 2).

H20, i 5] Time (min)
(%) 7 10 13 16 19
3.0 93.63+2.71 74.0743.23 56.13+3.06 47.63+4.75 14.83+3.23
45 41.30+2.77 5.93+3.23 7.0043.12 1.6742.89 0.000.00
6.0 38.10+4.80 20.3743.18 7.0043.12 0.00+0.00 0.000.00
K2 FARMARARES 7 AR A2 K2 A0 HupA 2 & ELAL
Table 2 Comparison of relative growth rate and HupA content in mutation thallus at 7th generation
. A Growth THE/FE HupA
Str;i\n LK% % Dry weight/fresh weight G Content %
Growth rate (%) (%) (ug g DW)

CK 1342.30 100.00 76.2540.43e 100.00
SH22 2392.86 178.27 13.56 161.1140.62¢ 211.28
SH29 2478.06 184.61 13.58 223.54+1.17b 293.15
SH30 3239.92 241.37 1157 121.86 +0.68d 159.81
SH34 2157.08 160.70 13.90 179.6140.39¢ 235.54
SH35 3037.59 226.30 13.04 169.88 +0.59¢ 222.78
SH38 4462.78 332.47 13.32 142.08 +1.06d 186.33
SH40 2898.48 215.93 15.12 247.87+1.46a 325.06
SH42 4499.28 335.19 14.44 261.17+0.19a 342.50
SH43 2469.02 183.94 13.01 275.4540.82a 361.22
SH74 2189.56 163.12 14.03 119.99 +0.48d 157.35
SH79 2543.62 189.50 12.74 214.05+0.46d 280.70
SH80 3856.42 287.30 13.80 225.95+0.06b 296.31
SH84 2856.43 212.80 10.63 152.11+0.42d 199.48
SH86 2946.82 219.54 13.87 152.1340.31d 199.50
SH89 2518.25 187.61 13.49 168.76 £0.22¢ 221.31
SH100 2099.91 156.44 12.32 140.37+0.51d 184.09
SH102 2511.03 187.07 12.54 142.96 +0.08d 187.48
SH105 1943.87 144.82 1291 139.80+2.07d 183.33
SH108 2452.24 182.69 12.85 228.31+1.02b 299.41
SH113 2611.58 194.56 1117 112.0440.10d 146.94

n=3; /NEF R HUpA AU

n=3; Lowercase letters indicate metabolism levels of HupA.
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Fig. 1 Restore growth of leaves after mutation treatment. A: The third day after transplanted; B: The 15th day after transplanted.
X 20 MHEIRIABR RS 7 A HupA S RIRIEE  ARKFAER HupA S EHRIBRErE; #E5

#Z5(P<0.05), BT HupA & & LLxf AR (CK) &1, 2
PRE T 0.46~2.61 5. SPSS-ward KR, 24
RRZBUNT 5 B, R EFEVIGEARTE A 3L 21 4
BR& N as by c. d. e FILIARMEIAK P (E 2). Hrh
SH40. SH42. SH43 #kJ& T =™ HupA tk &, ki
FEXT A ZEFNF= HupA FLE 2 B AN $R AR, SH42
NEUFIIEFE HupA #R &R, FHAEXT AR KA HupA
BB R F) 4499.28%F1(261.1740.19) ug g DW,
bt CK ¥kl 17 2.35 £ A1 2.43 fi .

2.3 HHREEF= HupA I8 e & 3LxF AChE [l
A
Gt g8 2 A 752 5 AR IR AR Bk 2R 1 AR
STAEK R HupA &8, 450K, CK ¥RRIAHXT

A —=— SH42 ——SH40 —a—SHI108 ——SH35
—— SH30 ——CK

360}
320
280
240
200

HupA % fi Content of HupA (ug g' DW)

2 3 4 5 6 7 8 9
Rz 37U Cultured generations

AR IR K AE AR (B AR A 3, T AR
2 HupA EErEH 2~5 AR E, HE 5 R0
J&, AR ARE HupA KA R E TR (K
2: A,

HOPR AR SR EUXT AChE W& TR 45 R W, &
ROBAIRE A A HupA & 21 HRA X AChE #1141
FREMAREZERE 2: B), #&7% HupA MR K
FI R, IESE T HoOp X R R A = g 4
BOFAAEH -

2.4 HRARBR R 8] SOD [F LESAE L X T & A

BB RPAE

6 NHRAARR 2 19 SOD [A] T 1 3t B os 3 4
WA, PL.P2 F1 P3 (1) Rf 4351 4 0.096.,0.25 F1 0.46 (]

g0 2
80

80

% AChE inhibitory rate (%)
[¢]

80

AChE#1Iff

SH42

SH40 SH35  SHIO08

Fk F& Strains

SH30 CK

P 2 iHRIEAEGRALER R Y HupA & 5 (A)RIEIR ISR BN AChE TR I (%) (B)

Fig. 2 HupA content of thallus in subcultures (A) and AChE inhibitory rate of thallus extracts (B)
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3: A). Hrt SH35. SH40. SH42. SH43 bk &R EA
P1. P2, P37f; SH29. HS30 ¥k & NGk P1 47, H.
SH29 PEI P2, P3 4l 5wy, BIR BB & &5 .
XK 6 MEkRIEMFEEFR KM T SOD [F T.Hf
B AR =R, Hp Rf 4 0.096 1% 1)
FiL R HupA YElRAE — e #i, BENmT R
) SOD 5B -

M 3: B ATLAE H, 6 AR R 1T

1 2 3 4 5 6

A

170
130
100

EHBIKEE T IEEFE, WRREAETT Z A
WA, (HA ZRRIEMFN . 5 CKIRILE, ¥
TR RIIE AR EFEE, £ 55~170 kD [8] H I
&% . SH13. SH30 R A AKHI P4 7, 1
SH40. SH42. SH43 tk Z##IA T P1. P2, P3. P4
el (HIX S BRI A R 2, RAAFE
ARARER 22 09 AT 35 1 B 11 A A [F) 355 9% 2% AR I 4%
2R RIK.

M 1 2 3 4 5 6

70

55 e P1

+~— P2
+«— P3
*— P4

40

35

25

15
10

B

3 MiRAAREFE 80 d Y SOD [F] Tl (A)FI AT PR F SDS-PAGE HYEIE(B). A: 1: SH29; 2: SH30; 3: SH35; 4: SH40; 5: SH42; 6: SH43; B: M:

Marker; 1: CK; 2: SH13; 3: SH30; 4: SH40; 5: SH42; 6: SH43,

Fig. 3 Maps of SOD isoenzyme (A) and soluble protein (B) of thallus cultured for 80 days. A: 1: SH29; 2: SH30; 3: SH35; 4: SH40; 5: SH42; 6:SH43; B: M:

Marker; 1: CK; 2: SH13; 3: SH30; 4: SH40; 5: SH42; 6: SH43.
3 Wit

L IR AR AR = WA R D R AR =)
2 A0 E BRIy, FAEYA EE AL
BAK. AT IREXERARBTIN AR, ©
MARAE S FR IS BB A KA RN TR fI
BN AREZ T HAT TRREGIIE, DAHE R
RAF= o R AR BEORT R SE AR 215K (EMIS) 155 28 771
W T A B R B 3R 0 0% e H AR A AR R
PO, it A AL H K HupA LA ST
PERS ASHT 724 4% H,0, 7 A8 A BE 7 A2 IR A
ZES 10 FRAVKEFR, SR FH i AU € 1% (HPLC)
R A2 5 AR &R 2 I H AR HupA &5, 57
TR AR R, oA SHA2 Bk R R A IR
bR R, AR E KA HupA & & E CK #k4J))
PEF T 2.35 541 2.43 fi5 . IX KB H,0, & H T HupA
WG B AR E R, FR, ZEAEEAR T

AR AT A [ R B AFF 7T SR A S N
AARY, MYLSFELHILEE, HLENR
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DL LW S5 A T 388 A 1 22 572021 R E 9t H,0,
A L AR IHIRAR XS SOD [/ T g Al ] vt & A
R RAE T RN . Bk REUKT R R IE R
9 0.096 4% T 1 % SOD [A LRk, F£omE™
TRRIRN PR RGERE A G5 . 4 (A S
B EBET R, O, %G5 AR AR
WA I N T, TR PR R AR
444k SOD [F] 1.1 58 S B &+ H B 564 FH A
B, LACRUEMIR AR B 7= ik 2R I 10 A6 i &5 A AR
TEBNANSZ R o PV B 0T LK TR B IR A
R ARNESEAZWEE, NIFRIREY
HupA R IAEE BOGR R Ty it %
FARGIEERE 2 AN EEEF=PRTER, H0, 1578
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