@ésﬂ@l‘&l

tEs &

Vol.36,No.17,2015

2 MR JC AN 2R 1145 0K &R SE bt o0 it Jie

X+, BRBIZ, KRS, /M, BRIBIR, IS
(AT ERFRRAFE TAFE/ T 54 KRR IRE L %2t Fl e3P o
VA BB R E R AR AR LE LR E, d R 210023)

M E. D EEFAEAEH ISR PG Y, AR RS ES TR, LT AL EEGRERLE N ERERL, W
FEQREBRGH EFORTRALUAARBERF, AL ERT ABEARANK, A LB ARG LR, ADNEIEF AR
ML MBEGERFALELENESG FREORIRBOGRAEATRGRY WA T LERGRAFA A LW H 5
FARBAER L RS, AI D FREF IR B RITEA AR T £2ARYE,

KR DEREF , FQERA T, ZERBIL TGS R AR, RE ML

Research progress in wheat germ cell-free protein synthesis system
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Abstract:In this paper, Wheat germ, a by - product of flour milling, possesses high bio - active and multiple
functional compositions, such as the translational apparatus, translation factors and enzymes, which are essential
for protein synthesis.With the development of biotechnology in the post genome era,the advantages of wheat germ
cell-free protein synthesis system were showed in the expression of structural, toxic and functional proteins. This
system was widely applied in proteomics research and the biopharmaceutical field, which provide strong evidence
for the importance of developing derived products of wheat germ.

Key words: wheat germ; translation factors; wheat germ cell - free synthesis system; development of
derived products

HE 5 2S TS255.1 SCERARIRED : A
doi:10. 13386/]. issn1002 —0306. 2015. 17. 070

X E 45 5:1002-0306(2015)17-0379-05

FEFE I — AN R K, /N2 IR 25 /N 22 A NHIEIFRAT T ER A = A e H IR S B i e A2 801

B ) —Fp R RIRIE R e, AT T
IF 4% B ik 30~50 Jgmiit ) AT SR K Dok, e e 2 %k
R RN IR 2RI A B #k % Hh Ve sh 9 e R
H 5 — T R W EAA AT S E A /D
B EELA S /INERERI 2% ~3% |, B3 BB TR
EEEWHES, A WEFEE BN ENEA K. G
Wi 2 Fh ek Az 28 0 W) R S — B G A BE NG PR RSy,
WE IR R R N RIRIE =" INEIR
ZEA OB ST PR 3 AL P AR /N2 IR ZE T B $R B, /)N
EWRZEMNE S4EAE R E L — IR a®i, Ok
JEI ELEARTR i BT A 6D o SRS 00 TR 4 4 BI T
BB/NEZIRZEES A Rt R A MR . 20 B kg4
= M H RS — s A BRIEPEY) BT, B AT aX L) T
EFEREE— T & Hodh 43 e H IR S Th e R 1~
EAEE S TP RERIES R Z e, EikiE, B

5 H#A:2015-01-28

RSP B R i BT IE RPN BT Lk g 4R YT R
BT A3CR , 0B e s S R T T Xk
/NZZRZE T R FIHERAL T B 2 hT ER,

AR, MEE AR WP oR i R B, Jo 4l 85 H
FTIRRG RSB 0E, IEN —FEZW AT
RAANGAEAE W LA (25 B S el R P G
HEMIEH. EMTHWEASGRRGEEL T IRE
TE ARG Z —, ERIRAW G T 2 8 AN YL
X AR B AH 4 A ORI OY & X, T HL R B
R RIS M AT E . AR SOREXT LL/INZE i 25
A EER AR S TE AH B B 1 A Al R SRR S SR LA R AR
WEEE BN AT RE LR, /NERZF IR Z IR
T & A FHFRAEERIS AR o
1 EAMEEARRS

TEEB N 2 ARE(191-), B AL AE,FFRF @ R HifE LS8 F &g bA# A, E-mail :15298352190@ 163.com,,

w BITAEE A (1966-) , B WL, #3%, AR & K=" mI Y3 = R4+ A 5 F &%, E-mail: shenxinchun@ njue.edu.cn,
HEETH:BRAARSFALTA (31271983) 55z 74 B KA £ 4 (BK20141484) ; 342 2014 F BT 7 5 % Wi “333 T4 A AMAE .,

20155 5171 379



I@%:MW&

t®E &

Science and Technology of Food Industry

B N2 3L PR 2H 3T R 58 0, T 336 PR 2H B AR O =X
SRl o 5 IR 40 2 OFR D R L N 4 2, e R T Ah A
FL DRI ZH 2E 3L 00 15 S8 RN = 0, e T R B G S 86
B, 38 3 7 R PR 4H R R B KOV B A T 45 BT S IR 1 )
HE , {H45- A= W 2% I 58 DA X B — L DR Bl 2 1 5 1) 51
iz 1) 24 N B B R R BF AT RS AR . A
W, 7 5 S P AR, 356 PR 8 A A FH 1 e
SEAEXT FE R 7= ) 45 K A D) e v B AR Y, T AR R
A PR Ry R A AT SR S i 3 IR ZH AF 5 H A — S
JC 4 B AR 1B R GEAE S — R AR A o e
gz . UMM A R G AE T L 4R
SRAE R T i 5 SR RN B S 1 — BB SR PEFOE T H, &
PUIAMJE DNA 5 mRNA Sy s , Al FH 40 i il $2 4 A )
BGRB8 B R B S A A AR SC il
FE IS INE LR (T7 RBE WA 82 2R Y R 452k
STHERAE I RIA IR IARSN R S L 1958 4F, Zamecnik
B UCHER , DA 4 Bfdh B 4 v AR A4S 00 B PR AL AR TT LAY
SR A1 A BT A L 1961 4E, Nirenberg  Fil
Matthaei'"" 1| F 25 [ 5% 4 G 40 I 5 1A 28 0l 1) 0 32—
M E I+, SRR RGAHLL, T4 MR IX
RGEMLSAE T 3R 8 TP HER ; 1S A
ML R AT R AR R AR A IR S5 2 2R
JoE 5 AT SRR A TR R Ok 0 S s 5 SR T A0 Y B
R e R A & A SRR L ST el
R, JCAN MR P A A R e © FE D RE S DR 41 2 gk il
AW B AR S B A TR 24 W ) A 7 RO B AR
R ) 2 18 TR A5 F R JC AN AR 1 A il R Sk
AEHE A T & ARG A BURER T A A S H
O AT R 76 R T i 22 X 0 C Al i 2R 1 & I R 42
Jei BT RN F N AR B e C ek B g,
FH-RELEREIL A /NI, T8 19 de K R 07 BASE B 55 3K 51
T —E T EURR AR, o K R RS A I AR S
24524 h a] LA R 1.7 mg/mL"" R,
T FE 1 A 1 53R GEAS R 1l Ry FORRASE R, [ 5T 45
B9 T L i ELAE S — R i35 69 Tl A2 7 7 B A &
JoE A 7 KR TIZ N

HAl, Db A ok T E I RIEREH
JEAZ RN A% R GE W RIS TR 2R e il ok ok
Jio AT BT sl At o5 B T P VR 1 T R TR K A TR 1 B
B, A19 SRFEAT ICUR MR IX AR R BT ; HAZ R
4c, FRIT F A 20 1 S R e D) 221 41 i 2 iR )
( Rabbit Reticulocyte Lysate , RRL) /N2 IR ZFE R $2 4
A SR G AN M 8 Pk R GRS L NGE R ZE
W H AR A0 P9 U5 ) mRNA R 75 RNA filgkb
554 IR L LT 41 i 24 i 4 A P B AT R R R O TR R
PASETE AT FLAL A S, o
2 INERFLTHMELESHREASHARIE

Xif F/INFE R ZEAL Ge i) & R S F 5T, 32 2R
AELLTT AT — /N EZE R ZEr AT AL 21, anFl H
B R G B 2l /N R SR S AT N
W25 AR L R e A Ak B 2 5 — S /NS IR 2 D e v
JLAT B B, AN S I R AR A B g3 E
INFEIREREIN A b R S R

380 20155 F17H

TIR/NEZE A W Ak, A0 3E Ak IR R L LR B A
A 3 1 /)N 22 I 25 412 B0 i) 4 il 5L E B g L i 4
A2 Ve B Dy BE P £ 5L (B HLHI A 7 Tk — 2
MIHSY o BEE A W R i PR R e, XL ge 0 X
A = i T &2 M B T8 09 B RN SR B N R
RZEIM LA Z R IT 2R, T8 BB & B i A=
Ykl (FORD) ok Z 2| AT EW . B T/NE
JEZE R &G 5 0 A W iE PR A B R O AR v R
A R T il Bl PN R H A A S R, Pk, R 2R
PFE AR B RS T LA/INE IRZE R R ) TR &
WMAEGL. BT, % R G O B S 5T o iy L 3
BT IR, FE A W B 24 4 A 1 VA UL A R ik a2
F AT
21 INERFLTHARELERREHNRE

INERFETCME B A& RGN RSN E O S
B — R Y vk, S5 R R Al L S
MARGAHLL, BE B T B AR R, gE s s ”
BRI EAZ 2 G R . 5 ARk RS AH
Lo, SE R T LT B A i s BR M, G 4 i 2 Xk 14l
b ARBEE AL & A AR R SR Sl BL 18R 1 FR 1 o A0 M T 52
P 0 Y AR PR AR A AT L3 e A e R
VIS E TS [R) 98 % A0 8 (s 2R = . Dk, 22 iR
TCANMLER A 5 S B A F 40 25k RGN KW
PRSI 0 & RS SR, £ JC 4 M 75
G RLRGI S, A7 AL G BR IR R B AN 2 B2 mRNA
AR AN 19 o) T, S 3 3 A% TC A & il R 5
MR B BRI HLAR A R dse £ i ) e, BRI
INZE R ZE IO AR 16 I R G2 B A = IR
R, S 20e KA T U MR 10 09 2 IR 88 1 19
G, B4 RZHBOHT 50 Heg'™ o 35 H4E0, A
X R TCHN LR A L R ST T — R Ak,
FHHRKRIE S T RGN E G ARz A F 5k
BE ST AR A ik Bk T /N2 IR 22 ) v
XTAZEMEAR mRNA FIHAD & G A 9 i, oo
T ATP FRARE Sy, T LAE K T 28 153 19 & it [a] , A8
KHBIE R T 2B P A i . Shen 28 Ol /N 22 IR 25
PREUH #8510 /N 22 IR ZE AR RNA 38 i 21 52 it J6 2
Mo RGeS, R AT LUK RS A A 7= 1 e
FFOR Y 6 fi54iAT o Seki 251 3 3 25 /N2 IR 24
&M 1 B K R e T 2R O Y AR L AT 2R
2 HE SRR, Wang 467 58 3B B R LR A1 T
) 2 55 8 22 A T 4 0 4 1 BT 6 il B G L AR OR Ml 2
[T ATP Wy EAERE T $2 0 T A B AR P RS TR
16 h DI I+, /& i 0.13 mg/mL #2552 0.74 mg/mL, H
AT, Z M ICH M B G RS 24 h 2GR H iR
21 mg/mL, {i F %5 82 [ 0 i - S i A U5 A
AR AN fig B 15 2R W T i — 20 e K BR B S e
], ATk LR EEE 1~2 J&]™

I ICA AL G R G EEEORHE /N IR
2, EAE DR T g &S A A R, X A
72 WRIC A A 2R 16 1 3R G0 00 R R e 8 1% 1 — AR
SREEG T ()5 R T, B2 S B
LHEBTIR N R R NG oK, Z IR T MM 1 & IR S



@ésﬂﬁl’&l

tEs &

TELE A 85 1 BT 4H 2A RN DD RE AR 1 BT 2H A ko2 b n v
ARSI T, UL A R R e L A
22 EHEMEARMRHPHIEA

FHASL 1 4= 5L PRI 26 00 7 180 1 7 A= ke ik 22 1)
JPAE B, i LR X 2 {F B Y O B2 B L I
Y- E ARG 5I0RE . TR AL R LI AR, 2R 1 B
PR &35 R o T 2 6 s 2 iy 9 A 04 B AR A8, S B G
AW E TR B HT SR M Al . DART“AVEDT” X gt A=
Wy T O 8 L AN BRI VT A 2 1 R R R IR 2 o)
R Y B R B AR D) — AT S R
K= T AL WESY, Bl BT g A4 1), X i Adi 45 =5 3
o B 45 L R 2H 2% (structural genomics ) 8% 45 4 75
Joi2H 2% ( structural proteomics) ffF 5T % b vl e, FAE
1998 4FEAESE [ Argonne {4 H 1 25— Jii 45 #4) & R 2H 2~
BRT2s DR T vl W R A A AT
PR, I 45 50 i B B == BRI 5T (TIGR) JmM k2%
[E 2 g2 %8 (LANA) Fl Berkley [ <525 % ( LBNL)
B3 T M E MR R SR A B = 4E 5541
WIFFEIHR ™ SR, e A I AR RS R T I 2
PR EgPki. Bk, 7TEZ =R D S1ET,
T H ROHLASE | e 3 ) R IR SE R AR R A LA
AR 1 = LA E 1R TR R iR R, H
BT, T & H 0 LA /N 22 IR 28 2 TR0 TG 241 it 35 11
ARG HUE W] GRAZ A6 AR b 2 il i Rk B A 45 & 3T
T LS AT T R AS F AR T o BT A, 22 R 0 4N i R
FIERARGAEE AR MR RK AE ARSI
e s AR .

I 22 I JC 2 i 25 P15 i 3R Ge AN AT A ES T 2R
F B ) v A B 3R 38 5 A5 R A AT, O HL AT LLAS B Xk T
FEIR Y IR RIS A0 M 75 P A B B, Noirot 2500
JHZ2 PR T 20 Bt 25 1 -6 i 3R B8 A2 7 X 40 b A 2 1 e s
FEE FH TS NMR Z58 055, #2537, Renilla 28503
Wit A5 AU S D0 A AN T A B2 B4 19 5T B, AR b 4R 45 T e
JiHE Ure2p Al HET—s FUZEFIBFGT AR . Wang 255 58
o 1) 22 IR T A 11 -5 1 FR e S It R JU LR TP i)
M2, X2 ATP GEIR &R Se 85 JhAT Ak et )=, 4 g 7
VB P B e 0.13 mg/mlL #2755 & 0.74 mg/ml.,
R LWL BRI G5 BEE T RAF a9 SEAl . Takai
SRS R AN R A R R G AT T R 2R 1
N- SR BIWTST , IF00 B N- S B AL X AE ¥ 85
BIR LAY FE N, I 6 (7 E 1Y Ser A1 7 AL E
Lys §200 3 o7 B AU 22 FE IR AU %6 $% . Masato 257 gy #IF
FEFLWATE 2 IR TE 4N M A 15 e AR 4 v AT DU 3R 25
B CAERSRZFENR ) 51 A 22 JIEE vh e A T 4 By IR+ 25
HE B H T R 2 BB X 45 A8 1k, Chieka
RN A INAZ WR 2 Ry UG DI 4T B A R SR
DIRIR T W B R 2 R A, X AR SN G lE Fnd
JrExt B R BIALER AT A R L A,
WFFEHEATTE ] NMR A i A7 — L 7K U P 45 22 B0
TR A R R A R I AR TR (A
Ji , Matsumoto %5 FH 22 IR JCAH M 25 115 8L 3R 48 45
XL Y R T S T A (S5 AR L SRS NMR
FEARSF WA e b ) A, 590 B b A e T 45 T B e R

Vol.36,No.17,2015

A 1 S5 45 A 1 S AT X

25 BRTIR, LL/INZZ I 25 S JEURE YOG 40 B 26 11 A
Y ER G B 20 K ) M 1 FE A R A TR, R
L EAG AW P B T B 4 R T 1T A A A 2K
BT o OB SR B 2 1 & R AR I SR AT
AR S A
2.3 HEREARMRFHLEA

DB 15T 4 AE Sy 3 R A S 3 3K 0 T B
JELE MR 2 15 T e i T B AR A, PR It D BE B 1 T 4
2 IEAE R R 3 A BRI 9T 04 B 1 B B 2HL B 4y . Ui
TR R ELAT AR W R A 3 T Rl 4 A 1 5, A AL TR
LGS A e E e T EAS, e R RS
TRAUA B 25 R ARG 307 L Ok B R AL T,
METFEA RSB ME A, RPEEAA M E
A, A VA 3 A5, B AT A R R4 0 2 LAl 14 T =X
FAER, RA A4y LLE A BoE ™ . 2T
S M 1S R 2R G R A R R B — R T
H, HTE &4 M iF 2 YR 3 111 0T, % 25 111 B 4H 2%
BIBFIE A T B 5

Yang 25 DIERE (RNA I RE5E B8 Fili A g 15 750 25
F1, 7 2% W TG 40 i 38 P& il & 48 b BF 98 Trm8 AN
Trm82 Wi Fh 2K 14 19 G I 50, 5 T Trm8 — Trm82 53
VR SRR 7 A Ry LBl Sy Sk AE 22 TG 20 . 2R
Gerh R A 77— B B E 7 1, %h A S B s M B Y
WA B EEE X, REE TG S A
HHEA k%, BT LR MEE o 8 2H DNA 3% Rk
FAL G5 1 R TG 2 i R S R R g ok Ao
Tsuboi 251 % 3 FH 22 6 0 20 it 35 11 45 i R g ml L
JH T 075 300 7 50 90 58 8 1, 330 I skt e R R 4 s A
TP PERE P B WE A o A 22 VR TG 20 L 2R 11 4 i R 48
o TG — /N R A T 1 5 PEAR 25 5 w1, (B R
FAAPR AR 1 I3 10 45 ™ B o Shimiza 28 7 22 1R TG 41
JH 2B 11 i 2R G T R T A A T o S e i R S ik
PEARICH A, 3 B Il 2008 4 55 PEAR T H R 7T 45 & 5
K Z24E NMR G iF 58 8 (AR S5 S T REIY 6 & .
Saeki 25 I & T — A T T0 40 ML B 114 R 09 3K
G B TR TR R WO 48 , 7 JB2 4 v i AT RN DNA 4554
e B AR B SR 1, 3 3 i U E LS I e
FH B FBE B  , SX R R G AT B T s R
TR , 2 X 2 VR TG 4 D B 1 4 i R G 1 5
. LE TR, R 32 IR 0 40 B 4R 1A R S AT L
R A % T RE PR B R BE AT 3 1% T e B BT
FEo DI, LA/IN 22 R 25 S ORI 6 240 I 48 11 4 i &R
G TE 1B D AR MR 5T 09 FR B, R 1 B4
T HEAE T B AR E , 5 X i 35 R 2B A 1 A= ) 2 F
e AR L
3 RE

Bifi 25 A 0 B R 00 B R R, WAL B 3 XL R A
R PAR AT N OF: P | I VAN i o
T2 W TT % R, T 1 B A i B (B 4 2 49 38
R ol B2 B AAMTBY T, /N2 IR 28 b
2B A W R BRI AR 5 B A A
Tl B R R LA 6 i AR, R AR R B

20155 5171 381



I@é:ﬂ%&

TR &

Science and Technology of Food Industry

IINZE IR ZE A B AR D T Al ML E 5 R SE Y JEURE .
7 T JC AT FEABL A E e, B O B IR AER T AR SR A 5
B RS, Al N S 4 R 1 SRk AN A AR A T
fA7 B CPREE AT AR L2207, DU, O R S IR S
Sy — A oA T AT S E A RSO TR
(FB) . Hun, g LBl 7 2 R4 8 A&
ARG BIA S o 140, SE[E GeneCopoeia FiI
PRI 2 QN FH B3 (Roche Applied Science ) B £5E
W — T A IR R B B D0 40 L S e BHPE R B,
LIUH T @] KRR HmS A2 RKE N
ORF [ (7 5 20000 > AFL) RSN E 2 3
FRIKMEFR o [AIIN, DA/ IR 25 S JsURE A JC 20 M 45 11
B AR G A5 v 1 A R B L 2 Rl
B R it e 2B 7 R BT RE , B UL R AR W T 25 N R T 7
T 75 358 D RE PR R 09— AR B O7 1% 5 53 4h /N IR 28T
2 ML 2 5 AR R AR S SR R ZH AR 1 B4 s B T
FERAE Sy TR B BEAT DI REPE B & 1938 R A B F
A PRAE TR AR, X BBk /N 2R 2 B T
JZUTT ARG T H 2K . SR, L2 IR o 4
MO HE 1 5 AR B A R G N R IE L LU R
RGN 2, K 22 DN D RE 1 2 38 U v R B o8
AR TR S AR AR EE B BRI T 22 R TS 4 it £
BARGEHI N o P, 78 22 IR S AR SR B9 T 40 i &R
gerh St 2 A R B D Re Rk, A A T UESE — &
FAH S P B AR ELAT AN AL 28 22 245 W 0 a0 L 0 e A
AU 3O IR OR Hi i€ 22 A TS 4 it 2 5 Al R g Y
L% .

Sk

[1] %, F3% DN EIEFG Z MATF LIRS K BAR[]].
R TALFIR,2011,27(2) :341-345.

[2 ] Shurpalekar SR, Haridas RP. Wheat germ [ J ]. Advances in
Food Research,1977,12:187-304.

[ 3]Malecka M.Antioxidant properties of the unsaponifiable matter
isolated from tomato seeds,oat grains and wheat germ oil[ J ].Food
Chemistry,2002,79(3) :327-330.

[4]7k 78, HIF, 20,5 H 2 BORIR AT
[J]. 46925 3 4 & ,2009,24(2) :145-146.
[5]R4&, X e, R 01,55 DN EIEF A F e AR 8k
At R [J]. A At ,2011,32(3) :281-285.

[6]Ge Y,Sun A, Ni Y, et al.Some nutritional and functional
properties of defatted wheat germ protein [ J ] . Journal of
Agricultural and Food Chemistry,2000,48(12) :6215-6218.
(71304, FE %, ILE—, 5 Pk i L ik R 9] & R
My 04 v 8 G B 7 ok CN91111019.4[ P].1991.

[8] Lamborg MR, Zamecnik PC. Amino acid incorporation into
protein by extracts of E.coli.[ J].Biochim Biophys Acta,1960,42 .
206-211.

[ 9 ] Zamecnik PC, Stephenson ML, Hecht LI Intermediate
reactions in amino acid incorporation [ J ] .Proc Natl Acad Sci
USA,1958,44(2) :73-78.

[10] Nirenberg MW , Matthael JH.The Dependence of cell —free

protein synthesis in E.coli upon naturally occurring or synthetic

382 20155 F17H

polyribonucleotides[ J ].Biochemistry 1961 (47) ;1588-1602.
(M]3, 2059, KAa0, 5 e RARENEREOR
GRBE R[] A F G A iRt K ,2009,36(4)
391-397.

[12].Carlson ED, Gan R, Hodgman CE, et al.Cell - free protein
synthesis : Applications come of age[ J].Biotechnology Advances,
2012,30(5) :1185-1194.

[13 ] Endoh T,Kanai T,Sato YT, et al.Cell-free protein synthesis
at high temperatures using the lysate of a hyperthermophile[ J ].
Biotechnol ,2006,126(2) :186-195.

[ 14 ]Mikami S, Kobayashi T, Yokoyama S, et al. A hybridoma -
based in wvitro translation system that efficiently synthesizes
glycoproteins[ J ].Biotechnol ,2006,127 (1) :65-78.

[15] He MY, Stoevesandt O, Taussig MJ. In situ synthesis of
protein arrays[ J ].Curr Opin Biotechnol ,2008 ,19(1) :4-9.

[16 ]Kim HC,Kim TW,Kim DM.Prolonged production of proteins
in a cell - free protein synthesis system using polymeric
carbohydrates as an energy source[ J ].Process Biochem,2011,46
(6) :1366-1369.

[17]3 Lmh, R &ET Rk ek RAA AR [T]. A3
%373 ,2009(6) :14-15.

[18 ] Sudha ML, Srivastava AK, Leelavathi K.Studies on pasting
and structural characteristics of thermally treated wheat germ[ J].
European Food Research and Technology, 2007, 225 (3/4) .
351-357.

[19]#hK, X RAFH A BRSO L ERAKREREE
5 7 3% CN200910034263.3[ P].2009.

[20 ] Hidvegi M,Raso E,Tomoskozi—Farkas R, et al. MSC,a new
benzoquinone — containing natural product with antimetastatic
effect[ J].Cancer Biotecherapy & Radio pharmarceuticals, 1999,
14(4) :277-289.

[21 ]Madono M, Sawasaki T, Morishita R, et al. Wheat germ cell-
free protein production system for post—genomic research[ J ].New
Biotechnology ,2010,28(3) :211-217.

[22]Singh H, Akino S, Endo Y, et al. Application of the wheat—
germ cell — free translation system to produce high temperature
requirement A3 ( HtrA3 ) proteases [ J | . Bio Techniques, 2012, 52
(1).23-28.

[23]Wang Y,Xu W,Kou X, et al.Establishment and optimization
of a wheat germ cell — free protein synthesis system and its
application in venom kallikrein [ J ] . Protein Expression and
Purification,2012,84(2) :173-180.

[24 ] Shen XC, Yao SL, Fukano H, et al. Ribosomal RNA
Supplementation Highly Reinforced Cell-Free Translation Activity
of Wheat Germ [ J]. Journal of Bioscience and Bioengineering,
2000,89(1) :68-72.

[25] Seki E, Matsuda N, Kigawa T. Multiple inhibitory factor
removal from an Escherichia coli cell exiract improves cell —free
protein synthesis [ J ].Journal of Bioscience and Bioengineering,
2009,108 (1) :30-35.

[26 ]Madin K, Sawasaki T, Ogasawara T,et al. A highly efficient
and robust cell-free protein synthesis system prepared from wheat

embryos ; Plants apparently contain a suicide system directed at



tEs &

@ésﬂﬁl’&l

ribosomes[ J].PNAS,2000,97(2) :559-564.

[27]Jung GY,Lee EY,Kim Y, et al.Stabilization Effect of Zeolite
on DHFR mRNA in a Wheat Germ Cell - Free Protein Synthesis
System[ J | . Journal of Bioscience and Bioengineering, 2010, 89
(2):193-195.

[ 28 ] Gaasterland T.Structural genomics taking shape[ J].Trends
in Genetics,1998,14(4) .135.

[9]FZRKR . ERARAANKRFHEMELF[T].£HES
A M 3Rt B ,2000,27 (4) :340-344.

[30 ] Morita EH,Sawasaki T, Tanaka R et al. A wheat germ cell-
free system is a novel way to screen protein folding and function
[ J].Protein Science,2003,12(6) :1216-1221.

[31 ] Noirot C,Habenstein B, Bousset L, et al. Wheat—germ cell-
free production of prion proteins for solid - state NMR structural
studies[ J ].New Biotechnology,2010,28(3) ;232-238.

[32] Kazuyuki T, Sawasaki T, Endo Y.The Wheat— Germ Cell -
System [ J ]
Biotechnology ,2010,11(3) .272-278.
[33]Abe M, Ohno S, Yokogawa T, et al. Detection of structural

changes in a cofactor binding protein by using a wheat germ cell—

Free Expression Current  Pharmaceutical

free protein synthesis system coupled with unnatural amino acid
probing[ J ].Proteins, 2007 ,67(3) :643-652.

[34 ] Minakuchi C, Nakagawa Y, Soya Y, et al. Preparation of
Functional Ecdysteroid Receptor Proteins( EcR and USP) Using a
Wheat Germ Cell— Free Protein Synthesis System[ J ].Journal of
Pesticide Science,2004,29(3) :189-194.

[35] Kameda A, Morita E, Sakurai K, et al. NMR - based
characterization of a refolding intermediate of beta2—microglobulin
SPSIPSIP S IPIDSIDN PSSP DD IDSIDSDSIPSTDSTDSIPSI
(35 378 7))

officinale ) thizomes during storage[ J ].Journal of herbs,spices &
medicinal plants,2007,12(1-2) :25-35.

[29] Alakali J, Irtwange S, Abu J. Effect of processing methods
and storage environment on moisture adsorption characteristics of
ginger ( Zingiber Officianale) [ J ] . African Journal of Food,
Agriculture , Nutrition and Development,2009,9(5) :1245-1257.
[30] 2% F, BE2R, LHE SHELRBAR[T].ARLL,
2000, (4) .24.

[31]4 24k, 5R48 5% £ 2 BB A[T] RATH H K, 2011,
(2) :66.

[32] M mE, AT i LEEHEN T EREG Al 20
I A3,2011,32(3) :369-370.

[33] B4 . 09 AR SR R[] AR R 42,2001, (9) :29.
[34] rokth £ L BB A[T]. 353K ,2010,(3) :23.

[35] /=% A&, FF BN A Z B R[T] R4 5= 74,2000,
(3):18-19.
[36 | ik 6f L2 vg R ah it 2 0h B2 [ J]. MR Sl IR,

2008,14,(23) :109.

[37] 0 Bt A2, K77 3, 3 5 o 3 £ 09 I 38 AR 8 37
k[ J]. P B 3% ,2008, (8) :24-26.

[38 1Queirol M A P,Neto J T, Arthur Vet al. Gamma radiation,
cold and four different wrappings to preserve ginger rhizomes,
Zingiber officinallis Roscoe[ J].Radiation Physics and Chemistry,
2002,63(3) :341-343.

Vol.36,No.17,2015

labeled using a wheat germ cell-free system[ J].Protein Science,
2009,18(8) :592-601.

[ 36 ] Matsumoto K, Tomikawa C, Toyooka T, et al.Production of
yeast tRNA (m super (7) G46 ) methyltransferase ( Trm8 — Trm82
complex)in a wheat germ cell-free translation system[ J].Journal
of Biotechnology,2007,133(4) :453-460.

[37 ] Wilkins MR, Williams KL, Sanchez JC, et al. Progress
Proteome Projects: Why all proteins expressed by a genome should
be identified and how to do it [ J] . Biotechnology & Genetic
Engineering Reviews,1996,13(2) :19-50.

(38 dadn, Fhak b vtk BQRAF(M]L T . EF
& A5 R4k ,2002 . 1-74.

[39 ] Yang JH, Kanter G, Voloshin A, et al. Rapid expression of
vaccine proteins for B—cell lymphoma in a cell-free system[ J].
Biotechnology and Bioengineering,2005,89(5) :503-511.

[40 ] Tsuboi T, Takeo S, Arumugam TU,et al.The wheat germ cell
—free protein synthesis system: A key tool for novel malaria
vaccine candidate discovery [ J ] . Acta Tropica, 2010, 114 (3) .
171-176.

[41]Shimizu M, Tkegami T, Akiyama K, et al. A Novel Way to
Express Proline—Selectively Labeled Proteins with a Wheat Germ
Cell-Free Protein Synthesis System [ J ].Biochemitry,2006,140 .
453-456.
[42 ] Saeki

compartmentalized cell — free protein synthesis in semipermeable

D, Sugiura S, Kanamori T, et al. Micro
microcapsules composed of polyethylenimine—coated alginate[ J ].
Journal of Bioscience and Bioengineering, 2014, 118 (2):
199-204.

1111111111111 1111111111111 @111 11111111111 @

[39 ] Massolo J F, Concellon A, Chaves A R, et al
1-Methylcyclopropene (1 — MCP ) delays senescence, maintains
quality and reduces browning of non — climacteric eggplant
(Solanum melongena L.) fruit [ J ] . Postharvest Biology and
Technology ,2011,59(1) :10-15.

[40 ] Huang S,Li T, Jiang G,et al.1-Methylcyclopropene reduces
chilling injury of harvested okra ( Hibiscus esculentus L.) pods
[ J]. Scientia Horticulturae 2012 ,141 :42-46.

[41]3k &, 388, 54w, 5 . 1-MCP sH& B8 T8 £
A ipdE g R [J]. %A 5E,2012,33(18) :303-306.

[42]Wu J J,Yang J S.Effects of.gamma.Irradiation on the Volatile
Compounds of ginger Rhizome ( Zingiber officinale Roscoe) [ J].
Journal of Agricultural and Food Chemistry, 1994, 42 (11):
2574-25717.

[43 ] Variyar P S,Gholap A, Thomas P.Effect of y—irradiation on
the volatile oil constituents of fresh ginger ( zingiber officinale )
thizome[ J ].Food research international ,1997,30(1) :41-43.
[44 ] Nwachukwu E, Ene L, Mbanaso E.Radiation Sensitivity of
two Ginger Varieties ( Zingiber officinale Rosc.) to Gamma
Irradiation[ J ]. Der Tropenlandwirt—Journal of Agriculture in the
Tropics and Subtropics,1994,95(1) :99-103.

[45] Mishra B B, Gautam S, Sharma A.Shelf- Life Extension of
Fresh Ginger ( Zingiberofficinale ) by Gamma Irradiation [ J ] .
Journal of Food Science,2004,69(9) :274-279.

20155 5171 383





