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Structural Identification of 22 Novel Peptides from Ginseng Component
with Memory-enhancement Effect Using by Nano LC-MS/MS

LUO Hao-ming ' ,CHEN Ying-hong >, HONG Tie *,JIANG Rui-zhi >, WANG Ying **
' Changchun University of Chinese Traditional Medicine ,Changchun 130117 ,China;’ Jilin Academy
of Chinese Medicine and Material Medica Science ,Changchun 130012 ,China

Abstract; Our previous study showed that Panax ginseng aqueous extract showed memory-enhancement effect on mice.
In this study, two ginseng components ( named P1 and P2) were separated from the aqueous extract of P. ginseng through
ultrafiltration , dialysis and Sephadex G-15 column chromatography. Their memory-enhancement effect was tested by Mor-
ris water maze and step-down experiments. The results of pharmacologic experiment showed that P2 improved the dis-
turbance of memory acquisition and consolidation in mice by i. p. at the dose of 40 mg/kg for 7 days. Hence ,P2 was the
active site of the ginseng aqueous extract with memory-enhancement effect. The structural identification of P2 by nano-ul-
tra performance liquid chromatography coupled to LTQ Orbitrap Elite mass spectrometry ( Nano LC-MS/MS) was under-

taken,the MS/MS ion spectra were evaluated through Uniprot all species sequence database and Proteome Discoverer

software , then 22 novel peptides were firstly identified from P. ginseng.
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i, 2o B alifl, 13 20 P2 585, P2 2 Ji v
45257 d,40 mg/kg, BEW] 1 BeaE /N BICAZ AR 15 B
A/ BRAC I ILE R fi . LC-MS/MS A&l , % 5 H
22 FpIKE)— A5 o R, 3l A TR 5, i — 2
Bk T AS AR F HA UG IO . APFFE R
W I NS AR IR R TR # A

1 MR5EE

ANZK W A 35 MR A FRHA R A
L-a 2R 1 Ao s B AE R A BR A | 4EE R
B12 I H 3 [ Gen-view B} /% |, 1 ik il 1 H 3¢ [
Amresco N T, A E R C 4 MG A EAWH E
[ Sigma A H]

SEER B R /N B RO 2R 528 Bh i o B R
YA HAUES : (75)2008-0005,

s SR YL IR A I T AR SRR T R A
Flo Morris 7KK E I T 28 MR AR A W . DT-200
/NERBE B DA T AT M B B S IR A8 b A PR A ] o
752 AR THIA A RS B R A AR PR A
Al RO S R 58 (H A By H) : 10AT-VP
B RZEPTOCKINES , SRT SEC-100 34T (£ [E Se-
pax BHE A E] ), GPC 34, A £ 3357 335 1k Y
(3E[E Thermo Fisher BHE A H] ) , H AR A 40 F+ 4%
WA 15 A5 Easy-nLC1000, BT A 6 25 43 9
JEii% (LTQ Orbitrap Elite) .

2 KWHIE

2.1 ZHRASHHE

NS IR SE B IR B 5, 8 2t v 2s SR 4R 0
W AT UE (B 4> T & 10 kDa) , 15 U8 4> 5
W, M3 B 50K & T (#R R 4> F 1 100 Da) | i AT
48 h J5 , BGEHT M 4k Szl i Sphadex G-15 #E 4
TEAEIEAT 2B, (SRS O ©2.0 x 110 cm, i 5))
FHR pHT. O BEFRENSE PRV WL, B3 0. 3 mL/min,
SR FH 2 1 A T 12 ) e O VR0 5 o, TR O v )
Ao o W T8, IVRIARF AR AR, B85 B A
Bt AR TR M R (DL 1) A 2
oy (il £k PL S P2)
2.2 JkEFLIE

HEPE/NER 40 U BEHLS R DU L X BAZH AR
P1 FI P2 2, P11 P2 G I i 59 45 24, ¥ 1 oy 40
mg/kg, 45257 d,

I %ok R ZH RIS TR 20 25 55 SRR K A1, 45 41/

BB R 15 I B 45 25— o AT IR HrEE 4 d
IR TEDRE /)N BRUTAD ) L5 TS A K e 3 DKo
BFRR 120 s f5, 8 T/K R B AT & EARE 10 s, fff
AN 7K N o kA A /BRI
Zrd At 6 d, I HR RSk A B E T K —
AT 5o

WATIZRE R EE 5.6.7 d, 4524 )5 30 min JE17
TR, B30T A M s 4 A B R 7K 10 mL/kg, oAy
21/ BRI TE I 25 NE S 1 S R B %5 Bk 2 mg/ (kg
- d) o WEIL SR/ NRAE 120 s (NEREIE-& T FH Y B
(i) (e AR IE DU BR  BCEI{E ., 25 8 d
128 R FE R, bR & M NRAET S EL T
FHICZ TG L WK 120 s, 305/ N RS S IR
o FEREAIIR AR, 2K JE RS R A0 455 52 58
FARG M AN
2.3 BtAXI

SR 2.2 W, KIRSGZ5 1 h 5, 55
BN E TG L iGN 5 min J5, BT
&L YN ENBE G LK D A, RRZ57
32 VHL R sk Rk R 2T 5 B
PRI, 0 5% 5 min Pyl H OB (R RIS AE R
e S 24 h AT ICAC st I, K )N BLUE P
& L il HAF B IE L 2 6 E AR S H 3 min
32 BT B (R ED) , #7/ NRIE B TE - Bl
it 3 min, HERIILL 180 s 31,
2.4 HBHITHW

K SPSS10. 0 Gt i3 44 v B K 2% U7 22 4 B ik
T L, LA P <0.05 H B4 B EMEER,
2.5 #4ESHFESHUE

K FH 1 280U A 5 B B 1% A3 BT R 4, DL Lt
Mg R IS0 R VBI2 4 (R C L4 I i H AR
FIE R ) B S VEAR I 26, GPC 31 H 380+
=

{4 33% £ . Sepax SRT SEC-100 (7. 8 mm x 300
mm,5 pm) ; G s AH: BERRER (pH 7.0) 5 i #£:0. 5
mL/min; ¥ :35 °C ;KA : 7= ZZ 3 eAe 4%
2.6 Nano LC-MS/MS jli7E

UPLC 2% {4 {6 3% A o4 78 [& i 52 ReproSil-Pur
C18 #£(3 pm,120A 4.6 mm x250 mm) , FiZHHHH
0.1% Wg (A), &NE-K (80:20, % 0. 1% H 1R )
(B) , B BEVERE:0 ~1 min,0-5% B;1 ~ 12 min,5%
~65% B;12 ~31 min,65% ~23% B;31 ~46 min,
23% ~40% B;46 ~51 min,40% ~50% B;51 ~52
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min,50% ~90% B;52 ~62 min,90% B, i 0.3 83; . ?;:%;iir(]e.il
mL/min, #iFERE 4 pL, 065 e
it 5 1 - EASY-Spray 413 L %5 75 7, £ 03s .y
YREFRLIE 2.0 KV, BAIEFRE 275 C ,S-Lens:60% , 2033 S
S m/z 400 ~30 000 , B 4 75 Al 00l A
S HOD(NCE 355 T T
3 %%Eiﬂ' 'L/L/\' B 1  Sephadex G-15 JEERAE SR #h £
X Fig. 1  Elution profile of Sephadex G-15 gel chromatography
3.1 B Sephadex G-15 BERGHES B & £ A b« Sugar ) < % ) B8 2 1% 46 0 T 490 nm b W {85 Peptide

:"Eﬁ Sephadex G-15 @%%*EX‘T%HK:‘E’??%%%U (BK) :214 nm L0 (E
% y 11[][5] 1 pis ,75’6}1}&[5]@7%%/[\&!% s q&% 250 mL @J Note : Sugar : absorbance at 490 nm from the phenol-sulfuric acid as-
350 mL,'ﬁ 375 mL @J 450 ml ﬁfﬂj—[‘,{fﬁ, (Z%éfﬁ{,iﬁﬂli , ﬁ. say ; Peptide ; absorbance at 214 nm.

Ay PL P20 P25 PLIREG SR THESHE o by gt O 00 RS (22 S B

e F(P>0.05) il FLILBST £ UK s B T8 P
i R BAT R /N B ST D2 IO P . P2 2L i ke g

KESERAER () R B :
AGKEITAER (F 1) on, ORIy g som gy (P <0, 05) 8575 Bt 52

CEERTXRA(P <0.05) , B5-F U EE - ey
i ( l £ . A@Z %—ﬁ HZTHILL(P <0.05) , Rk P2 0] i 35 1 5/ i
DT XFIRLL(P <0.01) , L BORE S il . S U
k2R R TRl /A
F1 KEEXRHRBBAASEFERBUELER( X £3D,n=10)
Table 1  The escape latency and platform crossing times of water maze experiment ( X +SD,n=10)

SEIRBERRE RN (B)  HARBGEERIN () SB-ERSRRE R ()

215 Vs S 25 Yhe Ky ( Ve
éﬁﬁj Escape latency Escape latency Escape latency Platf ¥ n{}\ﬁ(f{}\) (")
Toup (s) on 7" day (s) on 8" day (s) on 9" day atiorm crossing Hmes
Xif B Control 36.21 £4.97 17.34 £4.07 7.82+1.32 3.14 +£0.74
N 2 TR
ic rz‘lsiﬁ?f%ji 42.86 +10.18 24.59 +7.20 8.51 +0.89% 0.44 +0.24 *
Memory de? cit model
Pl 39.22 +8.60 22.30 £8.12 11.29 £2.37 0.20 +£0.12
P2 27.82 +7.53 12.90 £2.05 * 8.20+£2.15 * 2.28 +0.68 *

TE SXTIRGIEERF P <0.05,% P <0.01; 5BOM4ILhER, * P <0.05,
Note : Compared with control group,* P <0.05,* P <0.01 ;compared with memory deficit model group, * P <0.05.

3.3 BtEXW BRI (P <0.05) , s iR IE (P <0.05) ,
B SR A R AR 2, B A AR TP M EI TR R o PRI R B P2 AT HG 5/
FDOTRIRA(P <0.05) AR BRE 2 TR B0 ieeyfE- i PLAEA
4, RIS ST i Yy, SRR L, P2 T
x2 BRATRERPSHRIBUELER( X £3D,n=10)
Table 2 The escape latency and error times of step-down test ( X +SD,n=10)

415 B G () FE RV (YC)
Group Step-down latency (s) Error times (T)
it Control 135.00 +17.96 0.77 £0.28
JOAZ G457 Memory de? cit model 55.57 £26.39 * 2.14£0.45*
Pl 111.89 +25.07 1.88 £0.26
P2 128.50 +21.89 * 0.50 £0.22 *
T 5 R AR, PP <0. 05 SR04 [LEE, * P <0.05,

Note : compared with control group,* P <0.05 ; compared with memory deficit model group, * P <0.05.
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3' 4 22 /I\¥EHKE/\J#1:£]£E 14 l'Ll:gQNQ'\‘LQTk/\';v!;quyQLQVNTSTGLA,'y
HPLC %€ f 7k P2 Ry B — e (Un &l 2 i), ;g ’
GPC I3 H S F 13 i 7E 4867 Da, 8
500 61.; _
4
401 2 ,
302 + 0 500| ‘ 1500 2000
203
o4l E3 35 FLEQOQNQVLQTKWELLQQVNTSTGT fyIE & F
s ‘ - ! MS/MS B i
0.033 6.522 13.01 19.50 25.99 32.18 min Fig.3  MS/MS spectra of FLEQQNQVLQTKWELLQQVNT-
STGT

E2 P2 @y HPLC f&aiLE
Fig. 2 HPLC chromatogram of P2
P2 il i Nano LC-MS/MS 43#7, %42 H 22 437
R IT A (W3 3) . LI EIR )T 5 FLEQQN-
QVLQTKWELLQQVNTSTGT A4 4347 Ky 5], tn & 3 fire
7No MS/MS HZ kBl b 5y B+ ,b B -

CO-NH-ZZ [8] C-N HEWr 242 M B 255, M0y X W i
BB AS A RES 5. AR MS/MS 83 b AR 1Y
1E B TR 2 114, FH Proteome Discoverer 5
53 M il UniProt ¥4 R JEA T &R A5
H—H75], K4 Fios &m0, Ey

&3 LC-MS/MS 3R
Table 3 Results of LC-MS/MS analysis

751 Elﬁéﬂ% ﬁiﬁi&’ﬂﬂ‘l‘ﬁﬂ
Sequence Protein group  [M+H1*(Da) (el 5)
Accessions RT (LC,min)

DEPPQSPWDRVKDLATVYVDVLKDSGRDY VSQFEGSALGK G3QY98 4467.2 56.78
FLEQQNQVLQTKWELLQQVNTSTGT Q77794 2933.5 51.66
LQLYSDSDDDEEDEEDEEEEE P54256 2561.9 35.51
AKPALEDLRQGLLPVLESFKVSFLSALEEYTKKLNTQ G3QY98 4176.3 59.08
KADTLGTFQIESRAQMSMLPRLKPAKFYDLVIQVAIV Q8UAY9 4178.3 57.58
KADTLGTFQIESRAQMAMLPRLKPKTFYDLVVQVAIV 4178.3 57.58
RKKKVICGMSGG Q9CLA3 1279.7 57.52
EASSGDEGSYNPH Q81JT8 1349.5 20.16
GIPQVEVTFDIDANGIVHVSAK 2309.2 56. 66
KQVMLGITK A9KJL3 1017.6 54.32
TIVTEIGKILKT Q8KRAO 1315.8 56.42
HTGKAKTISGITFPDGENGKVIKVQFKEMKPGMTQSGNGYFLETV Q07741 4902. 4 57.18
MELINVSELGEEMDFKVFKDAVNNDGQVKAIVAKGAADQYTRKD 4902. 4 57.18
RVRFTSPHPRDFTDDVIAAMAETPNVMPQLHMPLQSGSDRILR 4902. 4 57.18
ADGTATVMAIGTAHPPHIFPQDTYADVYFRATNSEHKVELKKKF 4902. 4 57.18
PISDVWARFALQTISRHFRRAVYAPDDLEARSQMHLASTMAGYV 4902. 4 57.18
GIAKEEAEEIKAALEEAGAKVEIK P05392 2526.4 55.85
SAIDYVTKKLG B7GYRS 1194.7 48.90
KVVFGPYSGS A4VP83 1040.5 39.42
LGFRPYLGMPRERTALPLDMAQEP Q9LXV5 2758.4 41.98
IGSGTVVDPKVLLGELAMLASNDIDASG 2758.4 41.98
NMSSACVHF 002323 1011.4 38. 81
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10 20 30 40 50
MSHQFSSQSA FSSMSRRVYS TSSSAGSGGG SPAVGSVCYA RGRCGGGGYG

60 70 80 90 100
THGRGFGSRS LYNLGGSRSI SINLMGRSTS GFCQGGGVGG FGGGRGFGVG

110 120 130 140 150
STGAGGFGGG GFGGAGFGTS NFGLGGFGPY CPPGGIQEVT INQSLLEPLH

160 170 180 190 200
LEVDPEIQRI KTQEREQIMV LNNKFASFID KVRFLEQQNQ VLQTKWELLQ

210 220 230 240 250
QVNTSTGTNN LEPLLENYIG DLRRQVDLLS AEQMRQNAEV RSMQDVVEDY

260 270 280 290 300
KSKYEDEINK RTGSENDFVV LKKDVDAAYV SKVDLESRVD TLTGEVNFLK

310 320 330 340 350
YLFLTELSQV QTHISDTNVI LSMDNNRSLD LDSIIDAVRT QYELIAQRSK

360 370 380 390 400
DEAEALYQTK YQELQITAGR HGDDLKNSKM EIAELNRTVQ RLQAEISNVK

410 420 430 440 450
KQIEQMQSLI SDAEERGEQA LQDAWQKLQD LEEALQQSKE ELARLLRDYQ

460 470 480 490 500
AMLGVKLSLD VEIATYRQLL EGEESRMSGE LQSHVSISVQ NSQVSVNGGA

510 520 530 540 550
GGGGSYGSGG YGGGSGGGYG GGRSYRGGGA RGRSGGGYGS GCGGGGGSYG

Bl 4 UniProt HiEERELER

Fig. 4 The searching result from UniProt database
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