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TMT proteomics and bioinformatics to analyze protein differences in different
Hup A content of thallus of Huperzia serrata

YU Xiao, TU Yi-sheng, YE Li-nan, HUANG Qian, YUAN Hui-hui
College of Life Sciences, Jiangxi Normal University, Nanchang 330022, China

Abstract: Objective To analyze the differences in protein of thallus of Huperzia serrata (in vitro cultures, strains A, B, and C,
respectively) with different Hup A content, and to explore related enzymes that may be synthesized with Hup A accumulation.
Methods Quantitative proteomics was performed in vitro cultures of Huperzia serrata with different Hup A content using
quantitative proteomics tandem mass tag (TMT) techniques, followed by differential protein analysis: GO, KEGG and other
biological information analysis. Results Strain B hadthe lowest Hup A content and strain C had the highest Hup A content, which
was twice than that of B. There were 78 differential proteins between the strain B and C. Analysis of differential protein GO
enrichment showed that MF accounted for 28.75%; Analysis of differential protein expression showed that three strains shared two
differential proteins (P93541, Q8RXU4) in the alkaloid metabolic pathway starting from amino acids. P93541 protein was
down-regulated in the low-yield strain B and up-regulated in the relatively high-yield strains A and C. The Q8RXU4 protein was
up-regulated in the low-yield strain B and down-regulated in the relatively high-yield strains A and C. Conclusion This study found
that the difference in Hup A content was positively correlated with the protein expression. Two enzymes P93541 and Q8RXU4 that
may be related to Hup A accumulation were analyzed, providing a basis for bioinformatics analysis of Hup A biosynthesis.
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AN BIEM AR FRE AL A B, ASRefline
RO KEREEEY, st - ESUITAT
A R Hup A, £800 B AT 9 1 IR i & A& o i
PIEA —E W PR, AR ME DU A K =15 2
e MER) Hup AP, ARSI S8 i ok B A
IRAFUE S AR AR T, % B A R A 2 77 A
Hup A [ 2RSS, H,0, 38 L A2 1,
M, BT AE Hup A PR EREAERY, At
— B FE AN Hup A FH 268 77 I e 2 A 42 IR 1Y)
B A AL A UL AR IR LR A R, HHEIR
78 Hup A & AR 2

| EHFAE A g s ) BEEPATE, Eiea
24 Hup A B R k3G EEER . S E R
2 CAEREY A2 R, A5 Gn ) A vy e ) 22
FRRKEE AT, W2 PR N 5 e
22 R TALAIN, LR T AR A R (T £
P A2y w g A UYL A HIE TR A BB ORI AR 2
(tandem mass tag, TMT) &&= & A HY 775, 4
Hr ARl Hup A #2268 77 (R0 2 A A2 IR A 1) 22 e 3R
KEA, FFTAEME B0, THikS G REY)
AR EHMER, 46 ARKART Hup A &2
PR T, #8578 Hup A =& AR 0 F1E B .
1 M8

FE IR BB R 3 77 10 )5 1 B A b 2 o A2 R AR
ZEAMEAR, A E R B A A b S S PR AT
LI % e e R A K2 Huperzia serrata (Thunb.)
Trev.. FHAS S % B9 {8 715 S 2 0 2 R,
AHIE T HL IR b A AZ RS S B 3 AN
[AIF R Hup A BEIHUBER A By CY, A =ik
v B AR HRAR. CHEHRAR, BREFRE 80 d
IR ERE S B, SHEARES 30 (AR
WAL A2, A3; BHFKRZMINBLL B2, B3; C
&R Cl. C2. C3).
2 7k
2.1 FeEAEMHRENERSLE

R (8 77 2 a2 S P s kAT . 1 5ETE
ToBE A R IR AR BT Rl /N B S e Fh T 2 i
JEKER ) 1/4 MS [ R, %6 IEE T (2211
CHEFEA, JEREGRIE 377 mol/(m’s), Yl FANIAAE R
15h 6. 55974 80 d i), HEHUEI 3 MR Hup A
&5, 7715308 Krishnamurthy 2553647, [ EL

HPER A By COHMtEM B HE AL EE 15 min, 28
JEE T80 CUKHH, FEHT TMT wi&E H AR
M 5 2 i AFRIAE B G% FigsEd Ak
R IR A T ) . AHRBIES TS50
FH SPSS 22.0 BAFHEATAHI 04T
22 EARER

K tris-PATERE (BPP %) PHREUE 24
R E A, M-80 CUKFEEL 0.2 g MR
AT PR, IR ERTEE ok . 4% 103 A
BPP /&, 4 ‘ClegiaiEi% 10 min. IINZEARFA Tris-
YWY, 4 CHemIRY 10 min. 15 000Xg T4 CHE
> 15 min, WRELEEMAH. IIANZAFLT) BPP ¥,
4 ChieiRdR¥ 10 min.15 000X g T 4 ‘CE&L» 15 min,
WL EZIA A o TN 5 A5 AR RRTIA 1Y) L IR R RV
20 CHRIUEEA, 03 L&, TUEIA 90%T
ARENRSEE L3 LG, BEEIZPER 2 IR JIEH
E ORISR, BOBUER B,
23 EHREE

f# /] BCA R & H| BCA TAEMBAIARF i &
WP AR HE B B BUS I, T EWREZ 73508 0.
0.125. 0.250. 0.500. 0.750. 1.000. 1.500. 2.000
mg/mL. FFE S IHEC 2 pL A1 18 uL KIE A A 200
uL BCA TAEW. #¥%iR2, 37 ‘CXM 30 min, fE
562 nm AL HUR O .
24 RREEELFIEEHE

HEE FIRE 100 pg B T RO, LML
FERFRE] 100 pLo IIAZHE 10 mmol/L TCEP ik
JRF), fE 37 CTRRM 60 min. HIANZIKE 40
mmol/L Ml 2Bk, FiR N8 40 min. £
FIONTFAAHINEA, —20 CYHE 4h, 10000Xg &
£ 20 min, BUJIE. A 100 pL 100 nmol/L TEAB 7¢
STEIARETL, IEBEEL 1050 (B A A
Trypsin 7£ 37 CHgfEI & . KH, TR

TMT Fric SIRAE, # 9 ANFE Mg AEAT 2 Ik B
ZHL 100 pug, PN — TMT ik7), RS 2h,
S TMT10-126 #7ic A1, 127N #rid A2, 127C
Frid A3, 128N #ric B1, 129N #rid B2, 129C #x
ic. B3, 130N #xic C1, 130C Fric C2, 130 Frid C3.
IINERRE, ZIRRN 15 min. BEEFRC YIRS
T—Ed, EHERgEHT.
2.5 RPLC —4%49%

S —4E%m UPLC ARSI 2 IEFE
s SR Cog #EEEAT ) pH AR . A M 2%
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L CEUKIEZ pH 10D, B Ml 80%ZME (2 /KA
% pH10), 0~2min, 100% A; 2~17 min, 0~
3.8% B; 17~35 min, 3.8%~24% B; 35~38 min,
24%~30% B; 38~39 min, 30%~43% B; 39~
40 min, 43%~100% B; 40~46 min, 100%~0 B,
ARSI K 9 214 nm, AR &4 200 pL/min,
Vel 18] 9 66 min. AR 0T A0 [A) 3L W E 20
NG, EIFR 10 MG, B EOWYE.
2.6 &HEBERKRIE

B RN THARR R HPLC AR R 4t
Easy-nLC 1200 #4775 85, KB B RSz il
R LRSS G5 B 120 min, AFE N 300
pL/min. BEASY-nLC WAHBEEEBE L, A AH 2% L Ji
(Z K2 pH N 100, B 4 80% i (G/KiMA
% pH N 10), 0~1 min, 0~5% B; 1~63 min,
5%~23% B; 63~88 min, 23%~48% B; 88~89
min, 48%~100% B; 89~95 min, 100% B.
2.7 FEARMBRIERES T

XFE g R WL R 4 SC & Proteome
Discoverer' ™ Software #4704, f#FH R i& & i
t. test BT HAEA R ZE 7 BEE P, REER
FiILEAMTEARMEN P<0.05, HAEAKE 2
ANFE S IALZE A EUN T 0.83 FIRTF 1.2 93 A R
WA EEE . B3 7R E E AT R R
Kb, ERBNEREPRORREAERAS
RILEEC, AOREREERE.
2.8 EUERESH

EF GO (gene ontology, http://www.geneon
tology.org/) X Fir Ay i 72 7 B kAT ThRESR 2L 70 #T,
X H KEGG (Kyoto encyclopedia of gene and
genomes, http://www.genome.jp/kegg/) I BE
X7 B E R AR NS R AT 20
3 HEREOM
3.1 3 MERFEMIRF HupA I E

R 1N 3ARRMIRIAER Hup A 58, RHI3

#z1 37RFEH HupA B2
Table 1 Content of HupA in three strains

A Hup A/(ug'g ')
A 90.294+0.74 a
B 50.561+0.74 b
C 101.13+1.48¢

AEINE R A 2 7 5 3 P<0.05

Lowercase letters indicate significant difference (P < 0.05)

ANPERE Y Hup A & 2R IAEE 2 7 (P<0.05),
HAPHAR C EEREG, KRR A NEEMN 112
5 HRAR B &R, AXNEER A WERM
56%, NP C 1 50%.
32 EHRNRIELEERENES

X BT A TR B ) IR i R AT VP45 45 30 IR B DG i iR
ZEor AT (B 1D, HBE T 000 e 48 28 SR (1 Ik B
DURC IR 2 BEAE 1X 1070 LU « 3% 52 15 3 1 £ ik %
3201, HEAFCN 5409, EARAKEN 1402, I
K2, 3/ MERTTERMNEAR N 13981, 3 Mk
REMESEABECN 1374, &K 2,
33 3INMRAENEREBRFTIEEXNSH

F RAEF H gplot B A B35 2 7 1 H
BT RIEBAR S b, SR IE 3. WRRIE
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Fig.1 Peptide matching error distribution
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Fig. 2 Information analysis of identification of protein

®2 3IMHRENEZEREZEBRITSN
Table 2 Statistical analysis of significant differentially

expressed protein of three strains

XA EAR A ZREAN BREAS TEEAK

AvsB 1398 35 25 10
AvsC 1398 24 9 15
BvsC 1398 78 21 57

_vs_: WIRASIREEAR, JERHEA, TH

_vs_: preceding the reference sample, followed by the sample, same

as below
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Fig. 3 Expression pattern clustering analysis of differentially expressed protein
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Table 3 Enrichment analysis of top five pathways involved in differentially expressed proteins of A vs B

bk ZEREA EAH T W% ID 5
biosynthesis of amino acids 4 Q8RXU4. Q9SCL7. P04771. P08440 ko01230
arginine and proline metabolism 3 Q9SCL7. P04771. P93541 ko00330
alanine/aspartae/gluamate metabolism 2 P04771. P4541 ko00250
nitrogen metabolism 2 P04771. P93541 ko00910
glycolysis 1 P08440 ko00010

*4 AvCERERSSEN S FEBRERSN

Table 4 Enrichment analysis of top five pathways involved in differentially expressed proteins of A vs C

iz R EAH Sk TS # ID 5
biosynthesis of amino acids 2 Q9SZ30. Q09054 ko01230
photosynthesis 1 P54773 ko00195
glutathione metabolism 1 Q7XZP5 ko00480
carbon metabolism 1 Q09054 ko01200
glycolysis 1 Q09054 ko00010

®5 BuwCEREASSHERIHS XBBERNN

Table 5 Enrichment analysis of top five pathways involved in differentially expressed proteins of B vs C

bl EREEY EEE TR B ID 5
biosynthesis of amino acid 5 Q8RXU4. QI9SCL7. Q9SZ30. Q9ZQI7. Q09054  ko01230
oxidative phosphorylation 4 Q9XGMI1. POCAN7. 023654. P20649 ko00190
phagosome 3 Q0XGM1. POCAN7. 023654 ko04145
glycine serine and threonine metabolism 2 Q8RXU4. Q2PGG3 ko00260
arginine and proline metabolism 2 QI9SCL7. P93541 ko00330
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