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Biochemical Characteristics of Reductive Prinsepiautilis Fruit Protein
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Abstract; Reducing proteins were separated fromPrinsepiautilisRoylefruit and the excellent biochemical properties were
investigated. Improved reducing power evaluation method with Potassium Ferricyanide was used. P. utilis fruit proteins
were extracted and purified. by acid dissolution and ethanol precipitation. Because of the strongest reducing power of P.
utilisfruit special protein 4 y§SDS-PAGE, amino acids automatic analysis, infrared spectroscopy, circular dichroism spec-
troscopy and differential scanning calorimeter were applied to determine composition, purity, molecular size, secondary
structure,, denaturation-temperature and other biochemical characteristics of amino acids in P. utilisfruit special protein 4,
respectively. The reducing power of P. utilisfruit special protein 4 precipitated by 75% ethanol was observed. Its half ef-
fective coneentration of reducing power was 24.7 mg/mL. The extracted P. utilisfruit special protein 4 presented as three
distinct’bands by SDS-PAGE, and the relative molecular mass were 11,14 and 34 KDa respectively. The denatured tem-
perature of P. utilisfruit special protein 4 was 69. 83 °C. The secondary structure of P. utilisfruit special protein 4 was pri-
marily presented as B-sheet (43.1% ) and the random structure (27.6% ) ,whereas alpha-helix (5.2% ) occupies the
minority. Research showed that the representative of P. wtilisfruit special protein 4 was composed of several peptide
chains ,B-sheet in a dominant position, higher thermal denaturation temperature. These were important biochemical char-
acteristics. P. utilisfruit special protein 4 with reducing capability was revealed as potential functional substances with ex-
cellent characteristics.
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Al Bt SRR PRI AV K R T 20
AIRAF . AR A R A YR A PR
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1.2 BRIRREIEARNETE

JR100 g 7 40287 SRak, £ 500 mL ¥ & 24 100
mM [ PBS(pH 7.4) Zeibigi 37 CAR 12 h, K}z
EIEFGFIRTL . WK EkiE By ORERIRFLAINA 500
ml, 100"mM PBS(100 mMNaCl,pH 7. 4) 5132 JH 6
M HCI #8335 2185 pH 2 3 ~4,8000 rpm 25.0> 20
min, AR FISW, Fl R CBRZEIC3 W, IR B K AH
P KA pH {E43 50 % pH 4.5 1 pH 5.6, 53 51 5.0
JEWEETTVE , 43 B AR 5 1 ( PrinsepiautilisRoyle Fruit
Special Protein 1,PSP, ) £ 5 2 ( PrinsepiautilisRoyle
Fruit Special Protein 2,PSP,) , B.0» IR S5 TG/K 4
Bfie 1 LR H R A, B0, BRTTVE WA i 3 (Prinse-
piautilisRoyle Fruit Special Protein 3, PSP, ) , VK
ARSI A SR FRIC K QB B O UER UTTE I FE il 4

( PrinsepiautilisRoyle Fruit Special Protein 4, PSP, ),
FEah 1 ORTRE S 2 S 3045 B s DODE B 15T, B i 3
i 4 5350 R 50% £ EEDTVE B R 75% BT

TEH
1.3 SDS-PAGE 4#f

H 7 SR R SR FURE SIS A T SDS-PAGE. 4
ZZ 0PI, 100 CAEWE S min, FAEES plo 5% WARIE
H15% 7 B REHL UK 2248 0. % DM S5l R-250 L
0,0.5 h JFMtse 4, B ik H S AR5 =
Quality one {531 8 (B HRUK T4 o
1.4 FTEFEEEHNE

R A6 B3 Bk R AL B R el G I PSP |
PSP, PSP, PSP, (¥ J5LfE J7 . L il 47 ¥k B 50 mg/
mL () PSP, , B B e Sk 10 .20 .30 40 mg/mlL, 4y
S A 0. 2 mol/L ) PBS (pH 6. 6), I A 25 pL
0. 1% WG A 50-°CHEEAE T 20 min, BH £
LA 25 L 10% i) =54 L8, inA 100 wL 7K,
JIEA 40, 0L 0.4 % (1) E AL, HHE 10 min, ZE 18 KA
Z: L 7E 700 nm P IE WO BEE Ao [RIEE, DA
TEELR S Y Ve f5CH X R
1.5 BRREXSEASEBRMWE ST

%3 GB/T 5009. 1242003 J5 ¥ 43 B1 75 3l 5% 51
SLER VR BRI HERRFR IO R S AR
20 mg T sg KB, A 4 mL 6 mol/L #hR ,
R R e B R K SRR 110 °C il 3L A6 Hh K i
24 h, KF#ZEHR G 6 mol/L NaOH 75 pH % 7, &
PENEACEDE , DRI H 258 oK B B 22 20 mL, /A
Ao HBURE SRR 400 WL, FH 0. 02 mol/L B4k 2lidh
R RS 2 mL, 28 0.45 pum 38R 815 2] SE R 57
BrRE it , SR 43 BT (SO 2 24 B 1R 5 1
1.6 BRRRZEABIBRIINE

B 0.5 g HES FERLE.OAE T, A 4.5 mol/L
AR 0. 5% FAL B W, ARV,
Ba A 110 CHEFEIHAL 24 b SR 5 H¥ I ALY
FEWH 1 mol/L HCL i pH Zh & 25 2 25 mL, H]
0.45 pm fEE5d0E, F HPLC #:01"™ . % FH XDB-C18
A, K%K 280 nm, iR 1.0 mL/min f)H
Pt/ FK i sl AH.
1.7  LI5Mig 44

K AR B AR 4 21 AR SR 4 PSP, Stk %k
P, S 4000 ~ 500 em™, 43R 4 em™ . 1AL
IS RALE 105 CHRLE FHET 4 h™ R B R 10
mg 5IRALH 100 mg 76 A Sk rh A BS 2 40, R A
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1.8 EZ-&iEsfh ( Differential scanning calorimetry , DSC) [l £% , I4{H &5

Fi110 mM PBS(pH 7.4) BCl¥kE Jy 10 mg/mL X7 AL E SR A8 P U B | T 4 T Bl ) i BT 0,955 B TR
HORES I, AR T 25 KRB E 1.0 mg/  FUNZE B ME FT ik o o L LUA R 464 F
mL, 7E5642 0.5 mm 5 26 °C AHEEEEE 100 nm/ B YA TR R R A X R
min FIHETE Fl 190 ~ 240 nm (94 F F . U

yE B E

VAR TR B | DR %ot B 2 SRRSO

1.9 RIETEMHESH 2.1 HESHBERELEANINIREYE
VERRFRIBURE 51 2. 000 ma, W7 B4 8 o, 1 SR FH R TR WAL 10 7 54 B A5 51 95 o S SRS 2 1

LB, DI E SR aES I R IRTEE 20 °C 20 PSP, PSP, PSP, (PSP, , Hffj AR L AFE ILR 1,
R 130 °C,5 C/min FHEREF PHEH . H STARe
%1 PSP, PSP, PSP, PSP, Hyfa sa i@ 1k 4514
Table 1~ Physicochemical properties of PSP, ,PSP, ,PSP,and/PSP,

R TE TR (GRS AL i AR £
Sample number Yield(g/100g) Presence Solubility Isoelectric point
FE i 1(PSP, ) Sample 1 (PSP ) 2.9381 F1 {885 K White powder T 7K Soluble pH 4.5
4 2 (PSP, ) Sample 2 ( PSP,) 1.9274 {5 7K White powder Al F K Soluble pHS5.6
il 3 (PSP; ) Sample 3 (PSPy) 3.9200 F1 {85 K White powder DT IK Freely soluble -
it 4 (PSP, ) Sample 4 (PSP,) 4.9354 184 & White powder 5% T 7K Freely soluble -

1 IR, TE 100 g 5 RERR AL S P S Ut GYEOKIBBR I ITVE ) PSP, , 4k 2248 fin £ ik &2, 55
PSP, PSP, \PSP; PSP, 4 Fp [ it PSP, PSP, O - AR SCS) SN UL B B /K AR B , DT
S JUUTVE, 4398 pH 4.5 pH 5.6, PSP, F1 . 133 PSP, , VR T-1R/5155] PSP, Fl PSP, kI ARAE
PSP, A4 i o 7E U045 H, i BT S ARG, 24 pH 4.5 v, ULVENT H A 2 1 T 2 TP R A
5 pH 5.6, PSP, I PSP, {43 F It T2, 00 F MES 5 RS BE ) L2 #r, #2 1 PSP, (PSP, |
IS SRR A R M IUIERT e W UR TR PSPy (PSP, BT 24 7 44 58 , 185 75 25 [l R L 1 ) 2
#+3] PSP, I PSP, A RES ULIENT R IE A T FRRRETE.

RE-FF LV i 2.2 ATBRRRELEZARMNIERES
PSP, PSP,y LR IUIE Y7 SRR S 1, OB 4 b 0 SRR 528 H 5 PSP, (PSP, (PSP, (PSP,
WA H 50% 5%, CRESTPRBERSEIN  E LR 1
0.8 05} *PSP1 mPSP2
e ok | 41725700149 04 ®PSP3  APSP4
w E | | R=0.9994 m £ s}
22 04 gi 0.3
Xz Xz 02
< 0.2 = o1k
0005 0015 0025 0035 0045 03 15 23 35 5
e i
Concentration(mg/mL) Concentration(mg/mL)

E1 BRRRELZEBR PSP, PSP, PSP, PSP, #1 V. HiE[R F1
Fig. 1  The reducing power of Vc,PSP, ,PSP, PSP, and PSP,
B Ve iR 57, 451812 PSP, (PSP, (PSP (PSP, HYIRJ5T7 .
Note : The left figure was the reducing power of Ve; The right figure was the reducing power of PSP, , PSP, PSP and PSP,

WA R T MR R IE F R 5, ot 0.01 ~0. 04 mg/mL 5 [l Y 2 71 (9 2 B0A 20k 2
FEMBA AL IEA G BIYEXT IR Ve (81 1, 47) fE O 0.025 mg/mL, iR BEEFMOLE(H A ZEMESC R R 4T
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(R*=0.9994), & 1(£7) W/R, 76— i e 45
N, PSP, (PSP, . PSP, PSP, fi)if & 7 T bifi 25 e 2 1)
Hehnmig g, 78 10 ~ 40 mg/mL AR EETL RN S
WG A I BRAFZR TR R, A E0H 308k
S5 25.6 25,574 25.3 24.7 mg/mL, PSP, {2
A 80 B e 1%, S 7 B o ) 340 i g
2.3 BRRREEQ PSP, HHEMSFRESH
PSP, KhnifefE 1B SDS-PAGE W 2 s .

<« 97.2 kDa
< 66.4 kDa

< 443 kDa

o>

-4
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Fig.2 SDS-PAGE of PSP,
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ES I 57 N = N [ B = N ) 11 s s =y | =
KB BN PSP, S = A5 2 IRBEF . AHXT 4T
R B KB R 34 KDa, 9 2 A0 X 4 T ot B A T
8/ NIREETE 11 KDa, 14 KDa, HAEERE ] PSPy
TR R SR 1l = A IR R A
2.4 PSP, MEEBMAER

PSP, 2SR M & ANk 27 R o

2 PSP, WS EBRMIR AR (B EE/1000)

Table 2 Amino acids residues of PSPy ( residues/1000)

HIER FHRERR SN HAR  HRRRTEEN
Amino acid PSP, Amino acid PSP,
Asp REHMR 85 Tyr &1 29
Thr F3 2R 69 Phe N R 38
Ser 22 Z R 32 Lys #fi 2 87
Glu B4R 238 His 20 %R 43
Gly W% 20 Arg W AR 158
Ala 4B 21 Trp 85288 20
Cys 2} PR 6 Pro i % % -
Val 4iE W 45 REEMR 1000
Met (% 38 AT IR 368
lle 52 &R 37 i P S SR 323
Leu 224 34 i 2 e i 288

2 WoR, PSP, &ML S B E A 17

IR AT A IR 8 B, WG AR RN
MR AR &R e AR 7o 2 R A TR AN
B IR ., PSP, 4% 24 IR 5% JE i 24 2k R ik Ot o B
20% VU b K@ R R E i BR AR I R A RIR I,
G R R R 5% B Y 15. 8% 8. 7% \8. 5%
B (2. 0% ) CEEZEFR (0. 6% ) & f AHX 8K
HAR (4.3% ) EAM (3. 8% ) FJ5 & kAL MR
(8.7% ) 58 i Z IK Pt A A A o, 2L & A X
B B PR EER P BT LUAS B AR P A
EB AP R A HPTIN VAL . K E KR I
MR IETT DIZEAE B pH 514 T HUH T4 R85 [ i 2
LA BTSSR A B hCR R . R, &
FAPUEAAME R B A B R B R R YT I T
R PUR PUlE AU GRS pE I ER . 1Ah, 2 3t
R BT B v g F B A A I o Il 2 e . PSP, 4% & St
PR 5% F A 20 Il A5 T A R 4, PSP, () e 1 AR B
FERZEIR K2R R 5 2 SR % 5 ) Bl A T
WL Hb Y E A B4,
HEYEASA(EA CKREEAMELL, PSP,
EACEA KREEA" BRHAERN S Y
HA36.8% 24.3% 30.7% , WIS EESEH
FETR () Lo AG e B 1 5 R R B R I, A A AAOHT R
Rt A EEAEH , SRR B T s 5 bl
Z W EEIR , Befe 7E 45 W I, 28 g% 55 . PSP, it
SRR, 5 8. 7% , WA HE AN i
SRR N 1.9% , KEHEMA " il 4.2%, [
B, Bl SR (Lys , Arg) 1] S50 LI iR 2 17 /4=
R PR R 0 AN g 7 R A SRR s g B A
HA —ER 5 E, PSP, A E A KU E
P10 e S L R 1 L 43 5k 28. 8% .9. 9% |
12.6% . F#W] PSP, EFMEES I HHE A A
H—E MR, 2846 VA B Hr, PSP, B R 1)
BRME, R EA TR B A
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Fig. 3 IR spectra of PSP,
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2.5 PSP, BYLI5M it 4 1E

PSP, £1AMEREFIRE S RN 3 Fim .

Kl 3 s, PSP, i 3 L 1 W et 76 Ik e i Ak
FL3E Wk e 1(1690-1650 em™ ) |t fe 1 (1610-1370
em™) EEME TN (1100-1030 em™ ) (kR A (3400-3230
em™) LR B(3000-2800 em™ ) ,

B A 1600-1690 em™ (T iz T 41 11 Pk iz
05 206 25 1A 0 A — 0 45 F 48 TN B P %) Tk
Mo MR BREE 0 20 SMEAERE A 23 Hr ' Amide A A
UL 3000 em™ 4b i 0, T 8L F NH {145, Amide B
FEITBL 3100 em™ Zhjiiée , [R]4E AT 8 & N-H #1454 o0
PEAIN A TG . B T A R MR (R A X e
B T, HE2YS C =0 B Mg IRsA 5, s &
HEFD COO-FL[a] =4, Amide I £3 5 C = N #HI
N-H 4 iz 2l A ¢ (H 2 AEEBE s & C = N Bl
2 AT FEACE Y, R TFAEH0N , i C =N Fi
C = C i 45 ¥ 3l 4i 3l 43 23 945 1) AR 43 % 3, #8060 F
1610-1370 em™ . 7E3X KA AP IILLAMEIRE R, 2
1610-1370 em™ H A4 335 47 AR X U5 W6 A% 17 2 )
F C =N %5, Amide T 7EN A IKERLT AP
T (0 A b, RO 1] I I B — M, i S i AR
H BT A LA G RHE , AT e i T PSP, 1k
JEUE S LR ) 2 A 3, Ho 1050 em” Sy

Amide M4 N-H &4 fiRah a2 g
2.6 PSP, BI[E = B IE4FE
DAV R R DR A D 6F B B PSP, [B] — 4 3 4

R 4 s,
@20-
T 15t - VT
£ 10} N
= = 0 , .
gf _5150 190208 21 0 250 260
10} FpIR
S-15L &M
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B4 PSP, AR RMEEHE_ BIEE
Fig. 4 The CD of PSP, 4lysozyme andurokinase

& 4 B8 4PSPAE 192 nm Bt 3T A IE 3%, KW
PSP, HEAE - TE 45 4, (H R R IE RN B i, ] fig 2
T A HEA A o 7F 208 nm T 222 nm JRHT HEERAY
B JE5 TN BT &M 216 nm 43 F1 B-5% ff1 (1) 206
nm A YR e R, PSP, 7RI K 198 nm &b 3R
A, A TCHRI A 1 28548 i LRVREAE | T R e R TR
fiff¢E 198 mnm 4b S IE 357, 158 BH At ] BB AF 78 JC KLU
LG . T IREE m-m o« A n-m o BRAE, 7 TR
(R[5 — (a3 AE 208 nm 1 222 nm FffUT B0, B
TR B gk h o- M8 e S5 M B IE i , 36
WAL, o- MRS N

&3 PSP, AWEERMEE BB BLEARTAEHNEE
Table 3 The ‘percentage a-Helix,B=Sheet,B-Turns, Random coil of PSP, ,lysozyme andurokinase

K o- B itE B B T h
Name a-Helix B-Sheet B-Turns Random coil
ORISR ASLHE H PSP, 5:20% 43.10% 24.10% 27.60%
AT Lysozyme 65.20% 9.60% 11.40% 13.70%
JR i Urokinase 4.00% 41.70% 21.50% 32.80%
0.2

FEFB e R AR AR, 45 R & o SR BE BT
B B A B TCHAS e B 1 S W T o B e
-SRI B-HT B B i I TG R I i A X =
3 PR PSP, ZRAEM E R BT & (43.1%) |
B-5 0 (24. 1% ) FTCHLIN A Hh (27.6% ) .
2.7 PSP, A EMAFE

DL TR T DR S8 Sk Xof R A PSP, DSC A6 45
R NE S FIk 4,

Kl 5 fon PSP, VST PRI DSC 4k, %
4 @R A [FRR B AL B PSP, 75 A PR

% - R
Z -02
wE
J;\N z 04
2= 0.6
Fg a
< 08T e
-1.0
Z12 L L . L .
0 25 50 75 100 125 150
TREE
Temperature(“C)

B5 ARNEIREmMHAIE PSP, AR ES.RMEER DSC 2k
Fig.5 The DSC curves of different heating temperatures of

PSP, ,lysozyme and urokinase
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Table 4 Thermal denaturation temperature and Heat absorption of different protein
B AV va vl = = R VE B 28 TR VE
[F2=2 E R @ﬁuxﬁﬁmrg i@{ﬂng /\Jt/lriﬂ}_; A
Numb Protei Initial denaturation Denaturation Terminated Heat al tion (J/g)
umber rotemn temperature (°C) temperature (°C) denaturation (°C) cat absorption &
1 TR IER PSP, 66. 42 69.83 73.24 79.41
2 I Lysozyme 25.24 71.94 126.31 183.5
3 PRI Urokinase 40. 14 46.41 52.68 7.478

B T A AR M IR R R A

F 4 R, PSP, ISR E R 69. 83 C,#K
VR (9 AR P TR 40, 14 °C B, WAk ol
79.41)/ g B PR S 1) W I 7. 478)/g L X W] fiE
JE PR TR R S R RS R S, RS AR
ARG FXF, HEAE T i IR T 4R 1
o7 , K 2 R I L AN L b S S R B A LL K Rk 2
HAH R pKa (AUIHRE M, XA E R R &
B B LT 107 v TR, [N IEAE PSP, 2R P18/ 45 4
DX A ks SR 0 2 T DA 2R i Ra e e

4 Won PSP, MR R AR PR B i R T A
it A A G A PR TR RE  {H 2 PSP, A Vs T it 1) W A
AR, Ji DA AT e A2 i T i A M I, R R s
S T IR AR A, 1X Al AR T 1K e T 2
W SRR, SCREAEPEER 1B s e S AR AR
B T = B — o R, A S B0 PSP, B M
P2, 1 T A S IR A TR R st A b

5350130 DA A o AR 8 TR e SR DR i
MR, PSP, HA By iR e

3 #ig

DL 0 SR SR Tk SR R 15 B DTVA 15 2 AN
[FI7K 454 fie B 75 i 4R 52 85 11 PSP, (PSP, (PSP, |
PSP, .

PRGN A I PE 52 50 SR T, 7E 10 ~ 40 mg/mL
VR FETL I Y PSP, b i ) RAMERAOC R . P4
AROARE Ry 24.7 mg/mL, 5 H A RIS E A
L, PSP, HA o 1Y 40 i g

PSP, Hy 11 KDa 14 KDa f134 KDa — 4% JiIKG544
B, A 17 PP B, 8 Rl TR B o A R B
T 36. 8% Bt 2 B o A IR Y 28. 8%,
HHE A 2R (4.3% ) HZE R (3.8% )
MOFEHREAEER (8. 7% ) S M. Wb
iz AdPE IR A Lk R I R A 43 AT, PSP,
EEFMME R R R AT,

PSP, HA7 88 1 T 90 25 K4 A e R+l U %, R )
2 Amide TM (1100 ~ 1030 cm™) HIRLLFS 53X & PSP,
R 1 BN G FRE 0T BB PSP, i i 2 3L iR
)& RS T, PSP, 114 T8 45 A5 1R B 78 H: LA
B-ZEAGFITC RIS 1A 3 R e PSP, CREFHE 1Y
PR PR LR (3243% ) FHH 1 22 3 1R (28. 8% ) Lt 14
Bfm, PSP, HAT @ VR FE (66. 42 °C) , #4%2
EMR

TR RS [ PSP, (43 T A5 FRRIE LR
B 18 2GS TR 0 45 A8 SRR I A5 A B S X 7 P 3
JREEST, A KL R e v, AR I R A5
iz Z)i0F S
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