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Identification and Functional characterization of Protein in Hainan
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Abstract: Noni fruit is a characteristic fruit of Hainan with a variety of medicinal effects, but there are few studies on its
plant proteins. In the present study, two-dimensional gel electrophoresis (2-DE gel) technology based on the
BPP+phenol extraction method was used to extract and separate the proteins of noni fruits at different ripening stages
including bud stage, half ripe stage, and mature stage by optimizing the experimental conditions to obtain the fingerprint
of plant proteins. The gel images were analyzed by Image Master 5.0 software and some proteins with high expression
were screened out. The enzymatic hydrolysates of the proteins were further identified by using MALDI-TOF-MS
technology. The functional analysis of the highly expressed proteins of three kinds of noni fruits were preliminarily
carried out by bioinformatics methods. The results indicated that there were respectively forty four, forty nine, and forty
highly expressed proteins at three maturites noni fruits. Among the proteins, there were respectively thirty three, twenty
two and thirty nine proteins by mass spectrum identification, which subordinated to various types of protein with dif-
ferent plant functions. Moreover, significant difference existed in the highly expressed proteins of different maturity
stages, which involved in a variety of proteins such as chloroplastic ligase, cysteine proteinase, protein kinase, ubiquitin
ligase, and auxin response factors. It could provided a scientific and reasonable theoretical guidance for the further
development and utilization of the plant protein of noni fruits.
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Fig. 1 Noni fruit sample
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f£1¢ ( Ettan IPGphor3 ) , [EAH pH BE 2% (pH
3~10) ; Image scanner ITI $34#4% ( 3¢ [ 8 2 A
GE Healthcare ) ; Image Master 5.0 % KM% 53 H7
B MultiTemp IV [EIRIGFREE s UV-2700 £4h
SRR (HAREHE ) 5 KQ2200E #YjH 75 I 1K
VEAL (BBIEAL ) ; GM-0.33A BIfRIEELZ %2 (7
%) ; Voyager-DE PRO ABI4700 I i) K17 Fiiit %
(3&HE ABLAR] ) o IRk B = ot 4l
R, A SR K 4K o

12 A&

1.2.1 BPP+B#it 2R REa (1) BULFEM,
DI/, & F WA YT & e, nALb
VF PVPP ¥y R AV AL R, 7R AR
HABIE B BIR ACIR s FREL 3 g BFES AF AR f R oA
JIAZE 10 mL B4, FIA 10 mL BPP $2H
ZEoh, AT IRTERE Y 10 ming FEMIA 10 mLTris
TOANS, HE 10 min; 7F SIGMA3-18K Ik i
BEOHLRESS 15min (4 °C, #3: 16000xQ) ;
BB EEBREBETSEELOET, A SmL
BPP $EHUZ% th i, iR i€ = % 10 min J5 20> 15 min;
B 3mL FEERERE TEEOE T, I
A 15 mL T8 b i B R B4 TP VA TR ( AM UL
F) o, BF-20 CUKFETUOE 12 h LA b5 MUKFS
HHGE B, AM DLE R BCF /S 2500 15 min
7RI BERIA 2 mL WA R, =N
W, WiEs), ®AE 2 W A AIA 2 mL i
RN, FE 2 WWHER KRB OLEE, 2Bk BIER,
SHAMAGE & DTT, RA35), # 10 mg/mL il
NGRS, T 20 CHIREM 2h UL L f57E
Hot &R MBI M MRE, B0, BCEER, e
W,

(2) il 4l 8 B & & . PRI 1 mg
AT A SR M T 1 mL Ak, B R
1 mg/mL (FRAEA LW & AR W . 53 0 HERf it
B 1 mg/mL AR L5 2R RS A TRER,
FHEB A KRR 0, 2. 4. 6. 8, 10 pg/mL Ay
MW AR . ARSI 0EE T, e
FE 595 nm AW GEEA, ARSI R e
LA L35 25 bR oV T A R B A R AR A, WO B
E A AR, HEbREMZ .

122 &aR4EMNE R Bradford P F
A AR e ) A e,
595 nm FY T ME AETE 10 | ~F U B LA ol

TR R BOR Y RIS B, AR YRR it 27
B, IR TP EAR S A

123 Béwi Lk ARSI
PEAT BRL ) LUK SE G, B L In] LUK Y B HE DR
W,

124 REewikEE BEREH13mgEARDY
PEHUR, FH AR 1 2400 0 B 2 RE SR UA 455 L,
Jit'5 uL IPG Buffer B0, R & M HIR
G575, %R E PG K4 (pH 3~10) I, 20 C
fEIRZKAE 18 h DL b fRIF=IR 20 CAEL, wH
BN IR AR AR A 50 pA, LUES IR 1
Fis, #T— 1 SRR PRI SR ICE TR IR
P 1S ming A AR 3R D U T B s L
11 26 LUK IRAE R E S EO: HikIkR S W
HEATHUHLYK 1 h, BRI 7 W EH KGR
HEAT EE Y o R L BE RS AT Image
Master ﬁﬁﬁj\*ﬁ@ﬁﬁ?@iﬁ%m] , I H e Tk 1 B
HIEHAT RS .
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Tab. 1 The parameters of isoelectric focusing
S R AETE WIS B] 2 YIS B s I ]
Procedure Voltage/V Time of bud T'ime of half Voltage Time of ripe
stage/h ripe stage/h A% stage/h
1 250 4 3 250 5
2 500 2 2 500 5
3 1000 1 1 1000 3
4 1000~8000 3 3 3000 2
5 8000 8 8 8000 14
6 1000 fEREATE]  EREAE 1000 (EREATE

125 AMR#ELEE RSN ZFREREEH
i, 435I 150 pL 4tk . 150 pL B A1 100
uL ZJEALTE, HCE PR IR FRE Y 30 min, R
BN 150 r/min, &R W E.CEFPRK, UL
HRER 3R, HEHEANEATE, BT
TR BB R B0 S I AGE R
ETE 4 CUKFA™ 1 h 247 s FRREHBCE AR PCR Y
FEERER (37°C, 13 h) ; EEFEEH 7000 % g,
B0 5min( 20 'C ), % ; #1] MALDI-TOF-MS
AT S s TS ) BTk £ i Mascot
Distiller #4478, BHFH Matrix Science
( http://www.matrixscience.com ) [ 3l #1748 ¢
FExt, BEE PR, B2 R HARAE B .
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HE A T BT 15~130 kDa Z [8], fEFE W&
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FEAE 17, 20, 33 kDa 247, 1AL ) 25 1 )
FEAEPTE 15, 20, 25, 33kDa KEfi. 4N, M
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M: BITHGE T (10~260kDa) .
M: Rainbow prestain protein (10-260 kDa).
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Fig. 2 The unidirectional electrophoretograms of noni fruits
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Fig. 3 The dimensional electrophoretograms of Noni fruits.
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Tab. 2 The identifying information of bud stage
- = s 22 Y
Zﬁ% EE{@W Isiféﬁic Mﬁjljcﬁar 4 Frigcjt]i]zfof 4@:2?1?
o Protein name point weight/Da Score coverage/% name
1 BEEEA M2, gk 9.35 20 300 49 9 PIE T
2 IKFHE A KIN-12D 5.13 314 865 43 0 NP
3 PRI GUFI [RIJES, nfggik 5.05 66 940 37 1 Lk
4 Yo EHYAE 1 At4g04260 6.51 27 105 39 4 EiVNEZPA
5 R CBERRRE 10 9.07 46 532 48 5 PIrIT
6  TIREMY E3 2 R HESERG WAVH2 9.63 78 530 43 1 PIE T
7 BEZIE2.8 6.45 107 121 40 1 NP
8 ANEFFEA A I SBTL.S 6.74 82532 46 1 NP
9 RBRE MBI R A 15 6.22 48 043 55 3 P IT
10 HEAFERFAFRBE 1 6.79 45721 45 3 TR AE A A A
11 GHMBHER S AR 22 %R /75 &R AR 1 I Atlg61490 7.20 89 877 37 1 WRIF
12 B2 0k N-F MTERF4, M4gik 5.70 55196 66 3 B ES
13 Dol-P-Man: Man (6) GlcNAc (2) -PP-Dola-1,2-H B4 8.96 65 041 53 2 NP
14 RFERBEL UL XLT2 8.67 59 608 53 3 NP
15 Squamosa 5 I F45 A FEHEH 10 9.15 44263 64 4 TR Al A5
16 1SR R S 1 e R 6 il TMT703 7.81 137 295 48 0 FKAE A A A
17  #EER F-box I At2g33190 5.86 43 955 42 3 EINEIPN
18 FIREMYHLHG L I RPP1 6.34 136 045 41 1 PIm T
19 UGN PESS SR F ERF027 5.12 20 757 48 6 NP
20 E3 1z FEEEHRT ATLLS 6.04 42 199 44 3 NP
21 PAEEmENERE 1 5.93 38 487 46 4 TR AT A
22 T AAEE 3 I H RS 4.77 39 088 60 5 PIEIT
23 AREYEEA 2 7.49 65 813 57 2 PrIT
24 EYIRECEER 2 6.02 37 129 49 3 LRI
25 WMHMERR 3-O-F 3LAE R 2 5.83 39 587 54 3 B
26 F kR BHLH094 6.80 27 567 47 6 VIR R b
27  AREMIE R TF MYBS8 7.68 37087 56 4 TR A A
28 BRI FIFEE T CXXS] 5.28 13 326 70 9 PIrIT
29 AWEREAEEE?2 6.02 37 129 41 3 LRI
30 508 BMHAZE 1 L16, ARk 11.66 15261 47 8 K3
31 22FA R/ AR E M SRK2C 5.37 38225 42 3 NP
32 WEHARNEWEEA 1 6.62 89 430 44 2 NP
33 ZF% 6.56 8520 276 38 ME
=3 ¥RAHERREEER
Tab. 3 The identifying information of half ripe stage
4 i ST TR
éf? i & Fl ik Is;;fg(;iic ijlijar 8o Fr{acfit)fof %ﬁ!& i
0. Protein name point weight/Da Score coverage/% Species name
1 W3- A AL 6.02 14 9459 67 1 LR IT
2 EPEA 2 5.71 41 837 59 4 PRI
30 HEKE2 5.71 41837 59 4 P IT
7 E3ZEE#EH BRE] A 1 8.14 100 336 36 1 K FE LA AE
8  EERRIITASARENA 10 9.15 44 263 45 2 IKFE TR
10 PR AR 3 8.59 38 920 58 5 e
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Tab. 3 The identifying information of half ripe stage (continued)

55 H 4 S TR EEE
No. Protein name Isoeleptrlc Mqlecular Score Fraction (())f Species name
point weight/Da coverage/%

11 CASP FEZEH 4A2 11.25 33 085 76 7 K R A
13-22 2R MR 3 8.59 38 920 58 5 i

31 gz 5.63 125 986 60 1 W= A2

33 AR Ycf2 9.07 273 406 62 0 PR BR

3 BRIEEREE I CXXS 5.28 13326 70 9o R

35  DNA E[] RNA BAHf o WAL 6.23 39395 59 4 EEEMY

36 ZoRi{RH A SZART N TOM20-3 4.94 22 551 43 9 P IT

37 AHEIRERIFIINE A At5g04810, Mtk 6.71 106 671 76 2 IR

41 WTHEAY LRR SZFE 22 518/ 75 2 IR 7 (N At1g53430 5.63 114 873 39 0 IR

42 (-) -FIREY (-) RYERBAR, Lhik 6.99 27 174 53 4 T

43 FEAE BRI AT 5.85 55925 59 3 =

44 JRINUREIILAE, M4tk 8.84 32103 52 3 7R Sl A

45 14-3-3 KEE M GF14 4.83 30 526 51 7 I IT

46 HEEBIERLG N 4B2 8.69 59 289 64 3 PFIT

47 % B3 458l M BT REM9 5.98 51425 74 3 PIFIT

49 EXPRBE R AR KEE (T B) 6.34 48 828 55 4 EBARER

x4 HABEAFRELEERR
Tab. 4 The identifying information of ripe stage

i Fara i ATR e EEE g
No. Protein name Isoelectric point Mo_lecular Score Fraction of Species name
weight/Da coverage/%

1 #EE pumilio & [F & 25 9.00 15 788 60 11 LRI

2 9SHFHEAR, Zhifkos 9.09 45180 57 3 PIrIT

3 DNA 5|5/ RNA RAHEHEIE OS 8.85 119219 55 1 TR MU i
4 YEfRIEEH S OS ML YERE 6.52 12 1365 54 1 PIm T

5 R 2 B 5.71 41 837 49 4 NP

6 NEMR-RNA FEHRG, MEk/ZLRE OS 5.09 96 418 56 1 ?Cﬁéi’ff(ﬁﬁ
7 (S) -2-RE% L GLOI OS 9.16 40316 54 3 PImIT

8 MK-N4- (N-ZPhSE-B-Z LA AAY ) RABIEBEIERG AOS 8.61 64 440 52 2 BAEZ

9 HEEH SR 230s 9.24 50 616 48 2 LRI

10 ESRHHE R S 31 0S 5.99 54 662 44 2 LRI

11 FHLLE e LR, nhgkik oS 5.71 58 454 61 2 LR IF

12 ESAKME SR G 31 0S 5.99 54 662 50 2 PRI

13 FFAERE & 1 FCA OS 9.00 79 541 43 2 IKFERIAE A
14 FF0IEARN SR 2 WAL Blos 5.35 35473 47 4 NP

15 AREAYSZRER R (1 At1g49730 OS 8.36 72 896 36 1 IR

16 HERIEFIZE B # 0S 5.87 54 415 48 2 .

17 Bt EHF MTERF4, M4tk OS 5.70 55196 66 3 ESP N

18 FEF Yef2 0S 9.07 273 406 57 0 P B

19 PUREH Pik-1 0S 5.94 126 720 63 1 7K I e A 4
20 ZERFERAEENIIL 1, Mtk 0S 6.78 52298 67 3 P IT

21 ZRREE 26 0S 5.50 89 061 51 1 U IF
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Tab. 4 The identifying information of ripe stage (continued)
% R ST L e SV
No. Protein name Isoelectric point weight/Da Score coverage/% Species name
22 NADH S [IZ ] 1o W3 54 8-b os 7.51 11 960 79 20 R
23 WREMYITEEALEE 4 OS 6.32 91313 40 2 TR A LA A 20
24 KB FFEE A KIN-14L OS 9.11 106 943 52 1 T
25 ARKFERMET 308 8.16 79 533 54 1 TR AE A AE 2
26 Remorin FEH OS 6.15 21756 39 5 Y
27 AKRFERNIKETF 308 8.16 79 533 56 1 K e 7 ot A 2
28 tRNAse Z TRZ4, Zkifk OS 8.04 104 660 60 2 AR IF
29 HBRERRE AR 3 0S 8.59 38 920 60 5 FHi
30 WFAKSE A 9 OS 8.71 216 949 41 0 R IF
31 fFBEREE T MOMI OS 5.24 218 433 57 0 PRI
32 fiffiRE I DC-8 OS 5.77 60 223 52 2 b
33 3-Z RNk B A B IR RS Bl OS 5.75 49 679 45 2 E N
34 HEER F-box ZEH At3g227100S 8.69 38911 54 3 I
35 ATP AW o, M4EA OS 5.48 54999 65 2 A
36 RECHEREEHMEIFR 8 OS 5.67 18 955 70 5 TR AR A 21
37 WEEIER (8-3) -ZAUFIEE OS 7.10 54232 53 3 JINST Wi #E
38 25SRNA (JEmsnE-C (5) ) -HILEFHE NOP2A OS 4.99 76 729 55 2 AR IT
39 bZIP 3 F 17 0S 5.96 78 389 67 2 AR IT

SErPRE ) AR R R IBORI S E LI, DR L T AR
B PR SR BGEIR SE A A 44. 49 I
40 MR FRIBE O, W TR E, HNE T 5
A4 33, 49 I 39 MEM, MEA Y DIRER
RS, XX sbgs B3Rk E AT TR
HEYIREIRETHT, TR 5~ 7. BRI AL
PIAMFEMEAA: mALREA . WehEA . 1
SRR . L2 R/ N A TR I . B
Squamosa Ji B FASGREEE . Fesk 5 675
FBAMAM R RO . nTRErPURE
F . F-box #EH; 2 MU AN 2 AH [ 9 25 A
A EAEEE, EREREAR ., MR, s
. EAR Yef2,

3 itig

AR R R 28K, AL
B, KT SIAEIIRET T . A0 23
SHARIDEE ARG 31 SR
RO IR RIRISE , T T L AR M F 2 K
IR K — A TR, CLER AT
LD I GG B JR T T RRHE
I 7S AT A T 5 I S MR T

TS W I R AR ) AR T, AR (A R W
SRR ARTFAE ] DA [ 20 s i 2R 2 JRORR
668 AT TR s 1 s, L
RGN 8 52 IR R AT R 4R AL 18 SR
A RERIBUGEE 1 RPP1PM S bl my 19 S4uiE
1 Pik-104 B S MIRPUR E G, tRHX 3
Fhbse 85 1 AT A B IF R s A AR EE I A AR 24

BN S A S RS R /RN S B
[, BAANRMAEY #5608, MR BIn
1. 28 S8 A BB Y 34 i SEid i
YEN—F/N I IR E R, AN 2
AALRIREH, HAETARTEL . siia .
NI T . DNA 45 &5 it oihg, B
TEV AN ARAE TS 2 i ) Bt B, Whg
FEHURALR B . BRSNS S SE T .
T R B IR ) 22 3k Ty TR G R T AR A
REZEHNEEISERRGEZ —, RERREA
BRI ST UE B ELA i B S AT 1 B T AR 2 A
A A AR S B, MBI v S 010
WHWR 25 MBI 24 SEHA AR EN,
VER — BB IR, AT REAE T ISR
PZICI R T R AR () 2 255 AN Y AR i 43 B i A
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Tab. 5 The functional analysis of main proteins of bud stage

%5 No. FE A Fi44 FK Protein name

W24 H Biological function

1. 28 AR ER M2, M4k

2 KB M

3. 12, o

30

4 Yt IR

5 SRR e il

6. 20, B R

24,2

7 BRI

8 i AT B 2 Al

9 B = EVR(SE i
A 15

10 A T AT AR A

11, 31 I

13, 14, ##%
25

15 Squamosa J& B T4 A HEEH
16 TR R S 5 T

17 F-box [

18 AT RERIHORTE

19, 26,
27, 12

21 PRI 2t

22 P i AL 3 I H
23 RIEHEH

32 WA AR AR

33,6, 20 ZE

fify

KT

BAMEFMETE. i, AT, DNA 45& 5 W Fin S ohae
HEMGITHRE SRR A AL R R 0 5y B AR it 2 i fE U

P53 RN REE S AR AG . REAR AL R R B ARE U, S 12 E N
LRKE) mTERF 2, [ 12255 2010 5E 7300 5% 0w R K -4 R 32 PRI (%) % 53 B0 s I i T 454>
AW 45 30 SHYE KRR RGEZ AFEMIT RN, B K5 S R R AR I %
T JH v & R A )

e e Jo H YA TR (P s S R AR E M R R Rk R A A K 5 A, BAT RO sl i &
ST PR 25 S i U % 1 21

S H5MYERK K E BRI RS AR KA B Y AR A it s S SR A0 i R
X} T 4 4 Y A i 72

M5 6 ) 20 N E3 ZREMEERM, K2 5Mm iR i, 55 24 K 29
BN YR E O R, B ME YR B A R RN R RS, R E
TR AR 1Y e e o 124!

TEW AR (5546 5 L TERCEAR A=y fn T 54 L ARG . SR8 28 LU A=W B0 I LT . 40
W R R R o R AR Y

YRR T, FEVF AN PRI 30 RIS A 15 e i A o A o A )

REAS i HEAR AN EAR AT A RIS 5 HELEAEA IR AT A0 B D0 T HAR IR d DRt R R 5 7T R 20 i
AR MRS 3 R A BE SR Y i R e A BT

RiXGH HHEPGEKAEREAR e BE, RIB R RRRE—ERE LRERER AN Z A,
H MOC1 GBI 23 S WAL T (19 53 B AR L )

FEARFAEY S 5 BRI E R . MR Ca®' 855 1 . WM ABA I 21
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