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RNERE T B AT AR A IBTE R A TSI R R R AR

RE, REE, WM, HEX
VTG 2% A BB, B 330022

BE @SRRI FRE N RLER . BB aEig, Wi eat(Huperzia serrata)HRIBE K A
AU AR B R SODEHEYERI S . 25 R0 IR AERRG, MR E A Y& Hx I 2 5/18.50%—25.75%, A1 A2%8 H
SRR TR, L OE KA R RRIKE 905 mmol-L7Y N1 mmol-L SRS, PR X i B 2% G s T
BHAESEFRRERE TSR, BIERE, "REMEERE. TEAYELGERESERERTXE, Jin—e
IR 1R A E R (4 SOD BN M 38 448 w5, [RIA bR A A2 Bk FRRR SR8 o, 7 K U3 £ o w5 7K 1 1 SO DIl 7% 4 % R A4 2R

AT AR
X8R A, AT, §EY, SODRE

&, WEH, HMWE, BEE (2017). R4 2R AIG & AA A2 T AR R 5. 1Y%k 52, 218-224.

I /e fi 42 (Huperzia serrata), X4 T 21, #&
A1 ¥~ % (Huperziaceae) £1 #2 J& (Huperzia), =& — ¥
N Z AR BRI (EAESL AR, 2014). BRI,
e 2 A7 A2 (R IR AR P2 W) A A2 B8 (huperzine-A,
HupA) BA = HUIR G e B s 1, % i adiz /1. 897
Bl JR P BRORE AN B E LG /0% B RAFIYT 2, H g
RIMEF/N(R 215, 2005). HARIRE T, a4k
Mg, Hf 7 EASE A ek (S %4, 2015),
T S U R A2 S 8O AR i R A A2 B, T
TR BT R A A2 AL R, T AL 7 B A A2 B A
L, SRR SN B OF A,
2013). ITAEMBFFURIN, 2 A AL T A AZ B T
oy wliEt 5 SACER AR AR A R BFFEA L
MG K2 i 2 Fhn] PP HUp AR AR TR, B35
A 2 BE S AR S = AN SR A A2 N AR I B R O B 1)
M4 H T 2F09P03BF1LQ2F01. Shiraria sp. SIf14
(Zhu et al., 2010) /¢ iz % JH 1€ (Colletotrichum glo-
eosporioides) (Shu et al., 2014)4% . i i % i 18 5 i
WA TRNAN P, KBLFLCAO (copper amine oxi-
dase) i K ] e 7E A AZ 08 G BOd A% ot 2 AR
H(zZhang et al., 2015), A4 % ORI LI 2
2B RT R FRREARGRZHEM T 4, 2012), &

Wik H H: 2016-02-24; #:52 HIH: 2016-09-04

P B A IR A LA AR B A2 B 1 i T (G B B
2014), BRI R R A RIS (R i
25 2015), NI B BT IR 00 A PR SR A T B R AT AT
Bz,

E 1% 97 3 b 78 I03&E B 50 BB RE 1 R Ak T
R KA o A 20 40 L Ok AR 7 A ) 7 R (R AR I
2001). IFEMSH; F#3EH 7 110.2-1.0 mmol-L 265
R R BRAH R AL 5 P AR A4 B A (Taxus
cuspidata) LA 1 & = (MK B A K AR, 1997). A
AR AR E IR, AT A L- 2R A =%
RGN AR T BU(EFT145, 2007). BT AIBFF NN, A
R0 R AR & A S 06 4 O L- 8 & IR (Hemischeidlt,
2000), & — R BB SN AR, B4t —
EY =R 2 N B A G - ST 32 SiA way
B P (R R 5K i, 2013) . AHF %t AR & &R
(Asp). HE R (Lys) R (Trp)VE A A A5 11
SE AT R AT 85 9%, DU e 2 A 42 1Y
AT R

TR R ZE AR U 52 A P 3 1 S (ROS) 7= 4 ) 5% i
(R % %ESF, 2009), H AU 1) 22 I 7 =2 3 1 4
(ROS)— i AWl (A A B AL B (SOD) . i %4k
VI (POD) it 4 Ak U Bl (CAT) 25 ) — 52 Wi Yk A A
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(FEAEA R EFE, 2011), M4 o A AP 17
o Kk, AR AR IR T AN [ A2 A
17 YA JE2 o 2 ) L3 5 T 50 W 2 A A2 IR A AT B 9%,
PRICI XS IR AR 3G 58 55 A A2 B AR R K52, IR
T+ SOD g i P A2 A U 5 A P 0 A A2 i 25
BN AR ER, AW U AR B IR R
AT BB & R BURTE, TR 9l e A2 KR
BRRE IR AT T SR BRI

1 MHE5SREE

1.1 o8

WA B RS20 = (W 2 8 AT BR4E, 2012) %57
)l £ 4 4% (Huperzia serrata (Thunb. ex Murray)
Trev.) & R 72 22 AR (& 2 43 B I8 S 4k AR 55 77)
GRS R AR RIS 32 250K, 18
ToH S T B S 20 B RN, AR R SEER R A R .
75 P AT R Z AT 4R (2012) K T EREAT . A
2080 R b o it D e L 2 A E T 7 B (7
54100243-201202).

1.2 FH&E

121 MEREMEFSSEBR0RM

R AR B % 14 75 B BL(2015) i 5 33047 (F eeidk) .
JeAE T A TR RAR B D) BN JE B R T4 m
SR KB M UAMS [l R 5 e S v, B IEE T
(22+1)°CH; 3246, JLIBBRAZ377 mol-m™.s™, JtJH b
NERIS/NET R, O/Nef BEIE . £57R40K )5, 43 L
W RS 790.25. 0.5, 1412 mmol-L™ffjAsp. Lys
FITrp¥as i, H—RPEES 8 0 BIRELS mL& iR i
WM T LAMSIE AR 258 |, FRR BB S AL
[R5 IR AL B AR 51 FRBIE N TR . AR
Ak EAE, CUIMAERAARFR ) 0 B KA Rt 1

1.2.2 H#IRsbE
1.2.21 MR&ESHEEYE
A M5 = (ISR B Fh &) 1A 5% 100%

1222 HEEGt o
K Fl Duncan’s ¥ 52 b 22 VA U 7S A [R) P 28 B 1R
55 SR BT R A AR Xt ) 8 22 5 35 P (35 KT

Na=0.05) . A 3R E R A P E bRl 22 RO, B
43 ¥ FExcel 2013F1SPSS Statistics 19.0%% 14 52 i »

1.2.3 AXBRRERSEN

1.2.3.1 RMREAHZHEFENRER

A2 T 5 S 2 35 B (2015) I 7V (F eeidk) . %
MR RS IR 80K S Ui sk, FAK P bR LI 5, &
TB5°CHEM M- AT, SRS AT Ak R H o K
FIFRHR0.5 gy AR T B, 10 mL 2% 4 R %
BRIE24/N], BRI NN E R, WS B
WTHEE R, B NS mL 2930 41 R iR 7= ik 1= 12
3078 )T, ELUE LIS, HEEMEE2R, &I
JEW . IR /K pHIE 29.0-10.0)5 B T 40°CHt 5 4t
FUER B EE, AW RN A2 T IRE Y E S
£1 mL, P10.22 pmJEE R JE 5 H T ROR A i
(high performance liquid chromatography fluores-
cence, HPLC)Fll .

1.2.3.2 FERBERES
AETARBCAE A2 KL mg, FHL mL B v e 1
J%1 mg-mL RSB R A TR 2 SRS R 20
40. 60. 80H1100 pLARHE St BEE T 59 08, I H I
EARRL mL, FEHlBKREZ 20, 40, 60. 80F1100
G- ML AT R VA VR -

1.2.3.3 @&ifEH

o AR SR B 78 (LC-20AT), il A R
C18FE:(4.6 mmx200 mm, 5 pum). sk B i e iR b
V9i(0.08 mol-L™!, pH6.0)=3:7 (v/v); fiiE A1 mL-
min~; K K308 nm; FEE25°C; HERFRE20 pL.

1234 ZMXHRER

2 181.2.3. 3 Tk (1) vl 2644, B BCHHiI 471120, 40+
60. 80F1100 pug-mL ™4 A2 0% FF I 2 I N
WA, A0SR ARUME, DUREREe (ug-mL™)A
BEASRR, VT AR A Y A NAL R, F AR o i
MR SRERBREFRNLERXR, &M TTENY=
(2.174 90 e—005) p—1.804 49 (R=0.999 655 6).

1.2.3.5 ARZERAMSER
F2181.2. 3.3 ik 1y i 5 ARt A 20 pL |, e tgk
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PEF A AZIE s B (L) . MWEILRTIL, Frifk it
ol FFY P £ B () 8,222 43, A i % BA B 1) 98.243
e, HESHERS S RE, HEIREREE A
Bk Y U8 11 ANIC T3 000,

1.2.3.6 HBHEEZXLE

H1.2.3.27 BT e i /180 pug-mL ™/ A%k FH A o o 0
W, 1%1.2.3. 3 frid (O 3% S5 A A THPLCK: I . 3 53
FEGIXR, CsRUEIAR, AR AR E 2 (RSD)50.97%.

1.2.3.7 [EWERELE

HWL.3.3. 1757 A I 1) 1) 8 60 A A2 Bk R R 1 e 2 A2

P2 HUFE b 200 pL, K B n N 200 uL K FE N 40
Hg-mLT AR AR VAR, 4% 18 1.2.3.37 TR ) (it 4%

PEIERE20 pL, THEAS R 3 5 (99.841.76)%.

1.3 SODgE MM

1.3.1 BE§RERSHIE

Iy HEE R 2% EAE K50, 60, 70F180K [dE /& A
FHRE0.5 g, FIREA R IINZE MR (B IR 22 b
W (pPH7.8)+1% pvp+3 mL 5 mmol-L™" DTT) vk i i
Ja, FENBEOE R, f£4°C. 10 000 xg2&f4F F #0010
orEP, B RTE, T-20°CIRA7& .

1.3.2 BEEEMERN

i FINBT%(Beauchamp and Fridovich, 1971)#& X
IGRF, REAJER LSO R B TR, KR
B F35.36 W-m 25 64T T B304 8, SLEIE T
Eab b N DUEEREAE A ASILIAE, 2l
& H T A TES60 nmAb (1R G, IR BAHR BT
SODME 1 «

2 ZR5iTe

2.1 ARmMItpE R EAH R E KIEE
BT HRENFNT

ESRTIE =R I A e AU RN S YR Y G R /)
B, ERFREDREML mmol-L™" TrpfE, Mk
AR B AN AR i 1. 2445, IA R E KT N2
mmol-L ™" Trpal0.25 mmol-L™" Lys [ bR 4 18 5 % |
MR AR B, e U B R R I Ak 1) R A 1 i
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~
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(BYHIHPLC (fi R i) ik 14

Figure 1 The HPLC (high performance liquid chromatog-
raphy fluorescence) test of huperzine A standard (A) and
extract of Huperzia serrata thallus in vitro culture (B)

25 A L AR B R 25K, B E AT iR i
AR B (B ) R s2 A K (L, BI2A-C).

TE 15 77 5 HP IS IS [ b 2 1 S R T 6 e 2 A2
R A T F 5 M B A7 AE 22 5 (R L) o AR INAS [R)9R FE 11
Asp A Trps) GE A2 2 - RAR 0 T AR 2, b
0.25-1.00 mmol-L™" Aspffii 2 AR fed, HmtRik
T4 Jofi AR B bk B 155 18.50%0—-25.75%; 1T i A
AN TR B Ly's 85 7% 16 R AR 1 9 B R R i 38 41K T 0t
M. BEARRW, RIS EERH, DR InAsplEit
PR AR ST AR R B R

22 Fhn3ppsERNKEAHRERREAY
W20

K HTHP LCAS M AS [F] 94 £ 1) 30 2 2k R 15 7= b 2
T2 IR AR A A A2 R 5 2 (BI3), AN [FIR FE Asp A B2
)RR A A2 B S & i’Jm?X}‘HE(X}‘E’Eﬁm 25
ug-g), FHHLL0.5 mmol-L™t Asps gk di i, H
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B2 7R R SRR TR e 2 A R

(A) TINRAZIR(Asp)iEFr G R A A2 HIRAE; (B) AN G EIR (Trp) i FR AOME 2 A7 A2 H-IRAA; (C) IRINAERR (Lys)s; 7= e 2 A1 12

R A

Figure 2 The thallus of Huperzia serrata supplemented with different amino acids
(A) The thallus of H. serrata supplemented with Asp; (B) The thallus of H. serrata supplemented with Trp; (C) The thallus of H.

serrata supplemented with Lys

T ORI F R R A ZR (Asp) . B (Lys) M A = R
(Trp) R8s FRIE R UG & A AZ IR A A P B R 5
Table 1 Effect of different concentrations of Asp, Lys or Trp
on the biomass of thallus in Huperzia serrata

Concentration of different  Relative Dry weight
amino acid growth rate (g-L™
(mmol-L™" (%)

Water/control 1313.05+21 bc 7.61680
Asp 0.25 1189.68+19 bc 9.30778
Asp 0.50 1337.76+29 bc 9.02623
Asp 1.00 1217.20+25 bc 9.57869
Asp 2.00 1211.28+32 bc 7.92295
Lys 0.25 1108.18+27 ¢ 7.57992
Lys 0.50 1222.61+31 bc 7.40164
Lys 1.00 1328.25+30 bc 7.58278
Lys 2.00 1231.90+35 bc 7.32459
Trp 0.25 1311.53+33 bc 7.80328
Trp 0.50 1460.42+24 ab 8.01024
Trp 1.00 1647.51+37 a 9.35860
Trp 2.00 1050.53+17 ¢ 6.66844

AN G BF R sDuncani S % 2 1:7£0.057K - L Z R R3E
Different lowercase letters indicate significant difference at
0.05 level by Duncan’s new multiple range test.

R E1497.23 ug-gt, HEXIRIRE1.284%; HIA[E
IR Trpkb B, 21 mmol-L™" TrpHs 2 R4 f 42
Bl FF 5 5 (70.801 pg-g ) ST IR, AR Ab B
(IR A s A2 B S MR T IR, AR Lys
Ab FR Y IR AR H A A B R S A B RAR TR, SO

(42.08-61.398) pg-g ", X I INLysHIH|HoR A4
I IR

2.3 HMAsp5Lysxtie B A+ MK &+ SODESE
Ed: 0]

N FE AN () G 5 TR A 0 A ) bR Ak AR 2R A AZ B R
AL ZE 5], RATEFRIN0.5 mmol-L~™" Asp %0.25
mmol-L™" Lys# 77 A IR A4 15 5t BEHOIRAE, 43 S04 0
H A KT B2 b SOD GG P (AR 1L 34 (K 4A), AR
hnAsp 2 R AR SR (B 5% 92 50-80°K), SODMgE &
Jhe 388 558 ) ek 53 1) 24 (5 5 I SO Dl 75 14 A2 AL A5 1 AR
B, {H7E 5 F£50°K i SODEE M i T 5 #R) . v,
3£ 60 K (1 SOD A i 1 52 1 (171.99 U-g™Y). #in
0.25 mmol-L™" Lys#; 3 i H R A #E50. 60 &% 70K
SODJ % ¥ 35 B Sk w5 F % HE, 85 72 80 K I M 5 %
M. UL EWFRA R, %M0.5 mmol-L™ Asp
PR AR 20 25 R 5 ¥ 1010.25 mmol-L™ Lys
s DR AR B RSB () SODR I M4 W 2 2 57

AR BF A IIAS [F) R FE Asp e kIR R B A2 00
) SOD B G MEAF A, FRATTAG I 1 AN [F) 3 FE Asph 77
e A A2 R AR 8 72 50K 11 SOD B E 14 (K1 4B) » 25
B, ¥N0.25 mmol-L™" AspH;F#SOD g i
T HE, 24 AR SR RS TR 4 2 AN B 2 (I 3),
Foe bR ) SODEE S V¥ s T X R, HLR: 374 SOD
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Cc

Asp Lys Trp
Concentration of different amino acid (mmol-g-1)

® 025 mmol-L~" @ 0.5 mmol-L™"

2 2 mmol-L™"

O Control
& 1 mmol-L™"

B3 ISR E R A E R (Asp) . BER (Lys) M = R
(Trp) i A2 A A2 IR A rh A A2 B R 25 F2 ) S

Figure 3 Effect of different concentrations of Asp, Lys and
Trp on the content of huperzine A in thallus of Huperzia ser-
rata

il I T B ASPTR IR JEE () 5 T 3658 . LA2 mmol-L ™
AsphE IR IR A4 SODREE 14 s e, (HiZ AL FEAR B
KT P& B 0.5 mmol-L™#11.0 mmol-L™* Asp
T REE(E3). ZE Rt — bR, Kiarig e asnt
R I — IR IR Asp, H59E50K 1& 2432 5 SOD
g ViE 1 5 2 R BRI O, T 2 R A
SODMF RS T, FAZ I AR R 22 250

2.4 i1ig

TERE A 20 2355 77 b 2 o R I3 22 A oA 4 A2 1A T IR AR
ARG =4 IR B 1) B B (B R MRS, 2013).
BN, 7855 7735 s IND-2K 75 &R g 55 ORI B 2
2L FAZ(T. wallichiana) @1 41 23 R A2 B 2 2 (2
FEMZA R E, 2009). ARG RER, HNAsps
5 B BRAA R X 48 5 2 AR T 5 R, (R v T R A
M EAEYE, HRARE AT & ®HE T
X R B AL B . AR IAA, (TR KA
We PR R, B2 S SR A A BT AR AL, R AR
K1 1) £ ) B 1 B 3 388 Ik AR AR AR R
(5 A5, 2005) . A IS T iX — B, RN
ASPIEAC T IR AR AR X 3 A o, DR 3E T R AR T
Y A AZ B R AR R
PR G FEF 27~ 4R0OS, ROSH M4

A

_.250 ¢

1

2200 |

2

=150 |

2

‘g 100 |
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173
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m
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120 |

D O
o O
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(@]

o

0 0.25 0.5 1 2
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B4 AN R 5 R S A7 R AR (IS OD RS HEASAE
(A) #IM0.5 mmol-L™F A & Fi(Asp) F10.25 mmol- L™ i i
(Lys) 5 75 IR 7 SODRE I HEAS(LAFAE, (B) VRN AWK Asp
HEFR50 K AR 1A SODMEE HEAHE

Figure 4 The change features of SOD activity for Huperzia
serrata thallus supplemented with different amino acids

(A) The change features of SOD activity for H. serrata thallus
supplemented with 0.5 mmol-L™ Asp and 0.25 mmol-L ™ Lys,
respectively; (B) The SOD activity of H. serrata thallus sup-
plemented with different concentrations of Asp on 50 days

TSN SE R R« B AR BORS 1 1 T AN [ )2

S A AU I R (AT 2 A £.41, 2009). %L
it 3% AR 4K TT DL B ROS S R A AR 8 A i, A%
WE ROSHIE NG 5 40 1 5 K I&E NI IR A= AR By
TS S, 1T e R P T ROS WU Sy 453443 B 1 . %o 4
FRANE HUAR IR 3 (A £ 5 %, 2011). 4, 1
LGSR R R RE KB B 1 75 U R
B NPT A AL EE IRV M, 3SR AZ RE & (WU and
Ge, 2004). ARFF45HEER, 0.25 mmol-L™" Asp
PAAN, deinE e i E () AspHs 7R HIRA 250K, SOD
i3S P 25 T T B, SODEE I 1 1 1 58 Ui FTROS1E
NAB 5501 51U IE RL BT A A B B, S FE A AR
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AR SR, AT 5 LR I ASp RS 55 (1 HIR A4 7 A2 B R
TR T . SODRGE 1 FE Asp ik & T iy 1 1 5
FAZ T R B 0 B Asp ik FE T i T FRA, kb, RN
0.25 mmol-L™ Lys# 7% H-{R 14 SOD g 1t 71 50-70
RIJIHE & T X, A A2 & Rl T X .
X P SOD il 1 ok 75 Jse e H 13 4k FE ROSAE i 433 [
TFINE T 4R AE LR PR, AT PR IR A A
U o, R OE 2442 = SOD B % 14 4 Bk AR I Ik
A AR A R SR 48 e R R

AR FE R MR SE BRI SE B 45 AP R, A
A B B TS BT AR Je AspTiT AN R Lys, SAGRTA %
A7 1E 2 5 (Hemscheidt, 2000), BAHE 78 oK H
(FTHPLC 43 M7 7519 3 LAEAT ¥ ff 10 5 M o A, 0 o
25 0 B RN WA — 2B A
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Effect of Amino Acids on Thallus Growth and Huperzine-A
Accumulation in Huperzia serrata

Man Chen, YishengTu*, Linan Ye, Biyun Yang

College of Life Sciences, Jiangxi Normal University, Nanchang 330022, China

Abstract We investigated the effects of amino acid supplements on thallus growth, superoxide dismutase (SOD) activity
and huperzine-A accumulation in Huperzia serrata by adding aspartic acid, lysine, and tryptophan at different concentra-
tions into the medium. With aspartic acid, the dry weight of the thallus increased by 18.50%-25.75% and the huperzine-A
accumulation was significantly higher than in the control. The optimal concentration of aspartic acid was 0.5 mmol-L™".
The relative growth of thallus was significantly higher with 1 mmol-L™* tryptophan than in the control, but the huperzine-A
accumulation was slightly lower than for the control. The relative growth rate, dry weight and huperzine-A accumulation
was lower for thallus cultured with lysine than the control. The SOD activity of the thallus cultured with aspartic acid was
increased properly, and the huperzine-A accumulation of the thallus was increased. However, huperzine-A accumulation
of the thallus was suppressed when SOD activity remained high in the long-term.

Key words Huperzia serrata, huperzine A, precursor, superoxide dismutase

Chen M, Tu YS, Ye LN, Yang BY (2017). Effect of amino acids on thallus growth and huperzine-A accumulation in Hu-
perzia serrata. Chin Bull Bot 52, 218-224.
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