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R EAAMBE, KFRAL N E R £ 18 R L SP, KA, AN EZAETAE Wavy A BARR B, @MLK R A
DNA 3B 7 ik % PCR B Ak & ANTP Mg * B 5| 43K % P % B 47 K B CEL 1 B bn 4 wf s o, VA BCR B sh ks A2 P ey =
A AARTIR S 5 X, AL T s & TILLING 3 AR4K £ . f24] 8 PVP-40 %323 DNA 42 AP Rk 232 5 3 30/s, KAc IE&
9 B R B 18] 34 % 20min B, A F 20 DNA Ji 24046 8 4, B R 09 SE B A ANTP fo Mg® R EXT % 2 F R R 3
Re By I B ST, SIMREN F M 2R 2 E RS MR A 0. 4pmol/L, 20l Bidnik & F , Stk CEL 1 B E A
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Establishment and Optimization of CEL I-based TILLING for Wheat
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LI Jun-hui' , WANG Guang-jin® ,XU Rong-qi’ , LIU Lu-xiang'
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Abstract: CEL I-based TILLING ( Targeting Induced Local Lesions In Genomes) platform is very useful for
high throughput identification of point mutations within targeted genes and improvement of mutation-detected effi-
ciency in wheat. The space-mutated Xinmai 18 ( Triticum aestivum L. ) SP, population was used with one SNP of
Waxy gene in the population as a positive control. The TILLING protocol for wheat was optimized through improving
the method of genomic DNA extraction , the concentration of ANTP,Mg®* , primers and CEL I buffer as well as exper-
imental environment air humidity. It was found that through raising the grinding frequence to 30/s and prolonging
the reaction time of KAc to 20min in genomic DNA extraction,the quality and purification of DNA were the best.
The concentration of both ANTP and Mg’ " did not have any influence on PCR products within the set ranges , while
primer played an important role in PCR products and the best concentration was 0. 4pmol/L. Optimum amount of
CEL I enzyme was 0. 1U in a 20l of digestion reaction system and ultrapure water substituting for CEL I buffer was
the best reaction condition. A CEL I-based TILLING technique for wheat was established and optimized.

Key words: Wheat; TILLING ; CEL I; Optimization ; Waxy gene
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€[] 175 5 3 K 4 Jm) #2848 ( Targeting Induced
Local Lesions In Genomes, TILLING ) % R J& 3T
SR ) R W KB AR H R PCR R i i i
SR FE AR AN GG A, 1T il a M M 2E S
27175 A8 ) B3 387 A8 R0 475 A8 7 A T e O 2
5, TILLING $24t 7 M 437K 15 i) FLAR Ak G
TEGASR Y H2 AR &, U X b B i 3 Pk R A2
PR ANE M AF TC T DR RR 22 Y 1 DA B 5 s D
PP B R 7 2 0 A A B T 5 AR IR O
HARLRD

TILLING £ AR &5 6 T 15 & 5748 55 i 2400 ik 4%
A Bgg i il R R R R — AR A Y
SLGRASRE I Ty 350 AR N T 4K 2 50 R
HOIE FH, B PG 0 R R B . Pk TILLING
AR A 2000 F LK, &) 2 HFRIED
ARG, TILLING 4% AR B ¥k 78 /N 22 w4 g
J2 Slade %5 VR T /INEE V&M A BB R, #E 1920
A~ EMS 209 M, Jupkrh Gl I 3 4> Waxy [F)
U8 R Bt , L3k AT 246 AN ST 1 S5 AR SR R, 587
WA H1/24 ~ 1/740kb, A 94 Fhg A 5 84S g
T et J3 L DR 7P ) A G, Wany 16 T 35 74 28 B0 M3
IR AE RS LF- 58 43 K S — RGN AR fk, KA
MG B 1A Wawy ZERFE D FEH A H & A BB
RAMRE 1 ANE A JERGL PP A A4l e AR TR 4%
ARG T Waxy 58 4 T K W R i &€ 28 /K, Dong
VR TILLING R | 7F 2348 #k EMS %745 Y
M, Bk ARG TR K Wx-AT B2 Wx-DI #EATRGI
ARG 121 DoARR W HGA DBk A 4 L5 AR
KR 575 3l 1 2 A3 P A 5 PR B 5 AR A ( W
Al BUR RS Wa-DI B 578 53X B4~ 58 A R o
Wx-BI [ RB5e) B M 3G & — > 58 kG R 1Y
NS R, BT R RIBRE , TILLING £ A TE
P/ IR P SN NI AN N I
YEYI A8 Tz L e KREME
SRR AR ST E B AR R B AR R R
A

T A JE R 4 DNA B2 E /Y PCR P8 1k &
DL KBl U] 45 0 4, 2l ST U (1) TILLING Az i)
B RYRTHE . FEAS A A 4 Pl 28 (6] — 9 A B T 1Y)
SR M, TILLING J e i 59454 25 AR AT AE
—EMZESE WA — A AR S T AR R
f TILLING £ A& R A8 52 F]F 2006 4F 38
SN B R TR S SR G AL Y
INFESFNGEE A 18 TR ARG SP, BER ORI AL R

TE/NZE W S TILLING A 52 AR, I A AR 53k
B 2B 9R, A /N A2 75 AR AR T PR AG I s 2 [
SV 57 B E SR

1 MR57AE

1.1 ##

CEL T fi§ ] K PCR J N 1 2 i 48 Ak DA S 8\
SEM DRSS R ZEEIRIEA PR /NE ( Triticum aes-
tivum L. ) SR H ZE 18 B = A= 11) SP, BEMARRY 192 4
BARRAIRIG AL, U SR AT 35 24k 38 S 46 SR AR
X RE 7E T 2304 S FRAR B BT 18 SP, BEIK
) HH (R RS 3 2 A R AL S, Ak v RS i
Ty EE AR BT AN R R B ARk, T LS LT
M H Az s TILLING R0 i DL 22 18 FIik e
17 J#r
1.2 EFE4H DNA 2EUK DNA gyt
1.2.1 EFEZ DNA 2B R PVP-40 LU
AN LR 4] DNA , AR ER AR T

(1) BUNE Bt 124 0. 5, I &5 F FH 4
LR % ( Vibration Mill Type MM301 , Retsch GmbH
Co, Germany ) & | JRaNIHR A 30/, AFEE 2min,,

(2) A 65°C T DNA $EHUH 600l , ]
AW R e IR 5] o FE ST IR N, i 20 A 32
49 450 rpm,60°C L 1 h,

DNA $EHUK (pH 9.5) : Tris 0. 1mol/L, KCl 1mol/L,
EDTA(pH 8.0) 10mmol/L, PVP-40 0. 19mmol/L ( FH
Hih) ,NaHSO, 0. 03mol/L( FIRTHN) .

(3) A 2001 5mol/L KAc( pH5. 8) VAWK , 1A
J5 B IR EE 15min, 13000r/min 2.0 10min, H(ZY
300l | 1 BOIA B A Y 165w S5 BRI
FE 10min, B0 3 LW,

(4)70% Jo/K ZBEPE DNA PR, T4, i 200l
TER ¥ .

TER ¥ : Tris 10mmol/L, EDTA Immol/L,RNA
fit} 0. 05mg/ml,

1.2.2 DNA MBI R EIMH0GEE T
JERES DNA FE i i v B 8 v B2 7 BE 21 40 ng/pul
J , BEALEEEL 2 4~ DNA K5 S5 IR A 5 1 8 DNA
W, FHF 4L TILLING ik

1.3 HiRFES

PI/NZEREBUHE R Waxy ( Genbank : AB019622 ) Ky
HIE5, 5149550 J Wx7A2M (Wx7A2L:5'-ACC
CGC ATG GTG TTIT GAT AAT TTC AGT G-3',
Wx7A2R: 5'-AGA ATG CCA CCT AGC CAT GAA
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ATG GAG T-3") , i Bt B4 8 4 479bp, AEDE R
ICH1 Y5 B AR TR RS /A A, TRDye
Fric s 975 36 1E IDT 22 /6 A,

IR A By, dE 2R i Wx7A2L: IRDye
700 Fric Wx7A2L: dE2EHRIC Wx7A2R : IRDye 800
FRic Wx7A2R =2:3:1:4,
1.4 HHEERE PCR ¥ i

22 Till 57 Hhf PCR 4 IR R ST (%1, %
2),PCR ¥ 34K H 10p) B9 WAKR R, X dNTP Mg™* %
IR E MR EERRE (3R 1) TR 1 55
%1 PCRYy KR
Table 1 PCR amplication system

PCR {4+ PCR Components
Ex-Taq 22 P

e Concentration

Ex-Taq buffer 0.5 x

dNTP ¥ & (umol/L)
Concentration of ANTP

160,180,200 ,220
Mg? * ¥ B ( pumol/ L) 150,180,200,220
Concentration of Mg2 *

Bl (umol /L)

Concentration of primer

0.3,0.4,0.6,0.8,1.0

Ex Taq HS DNA & (U) 0.25
Ex Taq HS DNA polymerase

DNA A5 FH & (ng) 200

Concentration of DNA template

*2 PCR¥HEEMH
Table 2 PCR amplication conditions

¥ Programme IR K HFA] - Temperature and Time

51 A 95°C, 2min

First denaturing

APt Denaturing 94°C , 20s

B Annealing 73°C, 30s Increment — 1°C/cycle
JEff Extension 72°C, 1min Ramp to 72°C at 0. 5C/s
AP Denaturing 94°C , 20s

B Annealing 65C, 30s

FEfH Extension 72°C, 1min  Ramp to 72°C at 0. 5°C/s

PG50 S Y BT AR S B e, BARRR
JF4,99°C 25 #E 10min, 70°C 18 K 20s,70 MG,
AR R FEREAR 0. 3C
1.5 BEYIRMN

KHPABEUI R AR R T AT (3% 3) 8
M 20ul, PCR P28 28 45°CHEY) 15min Ji , 37 R]
HIA 5wl 0. 225mol/L EDTA (pH 8.0) DA% (1),

Ol ¥ W 13 &
%3 CEL 1 EMYIRRNEZR
Table 3 CEL I-cleaved reaction system
I I
ﬁ?@ﬂ(( wl) Ultrapure water 17.9 19.94 ~19. 88
CEL I 2 vhif ik iz 1 x 0
Concentration of CEL I buffer
CEL I F (V) 0.1 0.06,0.08,0.10,0. 12

Concentration of CEL I Enzyme

CEL 1 %% i . MgSO, 100mmol/L, Hepes ( pH
7.4) 100mmol/L, KClI 100mmol/L, Triton X-100
0.2% ,BSA 0. 002mg/ml
1.6 FEmAELRRE

FIIH Sephadex G50 X g1 ¥4tk , slitk =9y
BT PCR T 90°C i 47 1A Lk 45, 2 35 ~
45min, ELAEFL. 5pl,

1.7 ZREGLEKNE S

FIHH 6% 72 PR NI IERE BE S , 7E LI-COR 4300
S R VKA I B BT 72 . SR Gelbuddy R4 X%F
FEL YK MG A T A B BRic 2828
1.8 TILLING #&il3&1iE

HRAE TR [ /N 22 R0 0 B Pinb 3E R A9 43 A 1
BT DL ETE 18 IR R 17 Pinb JE R (40 P 45
WO R B 1 AR ES, B
18 FI¥5EI 17 DNA %5t & H T 5 ik TILLING £
AR, Pinb SEH 5 H ¥ 5]k, Pb (PbF.5-CCA ACG
AAA CTA ATG AGA AAT AAA AAG GTG-3',PbR:
5'-AAG TTG TTG GAT GGA CGA ATA AGG TT-
301000 B K 1334bp,,

2 HERESW

2.1 EFZH DNA 2B &Rt

T 7 DNA 1528 BN 1 & & AR 3R LY
PR AR el . SR S AR SR Ty
25/s BF, 35 40 B il AN E T 430 IS AR AR, B AR T
DNA 133 Y4 gl 4 R 4 = 2] 30/s B, A 5 A
ooy HoH Rtk

A KAc W5 B9 )R8 247 10min B B8R
B 245 L 2 I HRHLEY DNA 4871 17 s LA
S, i HAH 40 606 BE I 2 DNA MR, A260/
A280 FBfE/NT 1.8, X U] DNA ¥ Hh 8 A o5
ST (K 1a) o IR DR EIZEK E] 15 ~ 20min
i, e e LR, LT DNA S —H
A (B 1b)
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51 ARE KAc i# ik K R E 3 DNA RE R0
Fig.1 Influence of KAc reaction time on DNA quality

a:KAc &I N

10min;b: KAc ¥R N 20min; M 40 FHARIC ;1 ~ 12 :SP, AR P REHLEBURE AL 41

a;KAc for 10min  b;KAc for 20min M :Marker 1 ~12;DNA Genome DNA bands of Xinmai 18

2.2 BHIEEREHFKEK PCR 8k RZMMKK

2.2.1 dNTP B Mg’ iREMMEAL 50 2
X} ANTP Al Mg® " % 8 T e BEBA B, 25 R R B 7
PESE By M B 9 Bl Y ANTP Fl Mg?* ¥ J3E X 72 W 5%
e 22 S AN B G, BT RE e A 4 s B AR . FE IR
UED 3G 25O 1 Bl b A B A R ANTP 1Y
A W B 200 wmol/L, Mg® " Y i {1 Wk JE N
150 wmol/L,

514 HE (pmol L)

MI"E;J

o ———
- A e

2.2.2 S|¥REX PCR ¥ G~ HE 2
ATLVE W, Y5 PN 0. 3pmol/L B, P24 {5 5
W55, MU E 2] 0. 4pumol/L W}, P24 {5 5 14 i
HEAFEM, W R 0. 6pumol/L AT 0. 8umol/L Aif
PG S RO B, AR T4 R, v R
FE}élJl Opmol/L B 55 FF U855 . NIk B Y

RO, [l B 20 8, LI 51 428 T 0. 4pumol/L
AR

14y HE (pmol/L)

TR

I

|1IHI i
451”1_ 1 | E

i ‘! i
i

-

| B |I|
:| Lt i1
HE dist TR

B2 FESIMKEI PCR =4I 00
Fig.2 The influence of different primers concentrations on PCR product
I EEBLE 5 MBE0.3.0.4.0.6 0. 8. 1. Owmol/L, TV BE 8 T AZ  DNA #AR g SP, BFA T BENLLL I AIAEA M. 43T HRic

The concentration ladder of primer is 0. 3,0.4,0.6,0. 8,1. Opmol/L,8 repeats for each concentration,

DNA templates are sampled at random from the SP, population; M ; Marker;
a;:IRDye 700 ;b :IRDye 800

2.3 EVIRBEZR R4k e

2.3.1 CELIZ#%i#&K CEL 1 BiREREE 7|
HBEIARZR 1 VIE PCR P14 =Wyt 45 5B,
TKEME T 25, 25405 ANTE BT, 45 25 W0 A5 5 189 L
R R B O iR oy LA 55 (B 3a) 3
FHBEIR R 5, G o 5 W b 2l | 250 V7 e EL

IR (] 3b) , X —Z5 R KM, CEL 1 &Pl
XGPSR 7= A T 5K R, B 4 3 Bk AR
Jo 2 (A AL

B CEL 1 B3N, F= Y155 & Wis s
R 0. 1U B, PHAE 58 248 (67 5 A D) 25 45 15
Sk HLIE M, 524 ] LAl iR TR
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"W ¥ R 13 %

B3 EYIER 10 TR =R ikE
Fig. 3 CEL I-cleaved gel image of two system I and II
a: VIR R T T BmED) ™9 IRDye 700 3818 L vk [ ;b BEDIA F IR SEED]™ 4 IRDye 700 381 H 7k [
b:IRDye 700 image of system I

a:IRDye 700 image of system |

2.3.2 AEZEHMEXEXEGRAZM A5
4 B b R [ B - REAIL G Seibersdorf S50 % | 9t [H
T R MA S = (J6) 3 DA R FREE & AT
(R HL VK EUGGHEAT LU . 5 SRR WY A W]k B2 AR
[ RGP IR Al A B 51T LDk s SR ]
A (K 4), Seibersdorf 525 = A EE T 15 55 58

S, 1% SRS B E G Y R IAB S AR
F AT ,800nm {5 S U855 1M H. 700nm J#IE T
BER P BE B V1= 4 (e 5 B0 oAt 2 S IRBE T
BT, XS5 AU 7 LA S0 A% 1 0 AH [ A 155
T ARF SR = A X P Y Y SO —
A TR (EROERE LTS8 AT Y Ny N

a Scibersdorf

: -

b Rothamsted ¢ Beijing

TR.Dye 800

|
| |
| |
i i
- S il

4 HEEGTAEXREREIRERER
Fig. 4 PCR difference in different labs
PCR ¥ 341K &} 10 x Ex-Taq buffer 0. 51, dNTP(2. 5mmol )0. 8ul,Mg?* (25mmol )0. 6l 5565 | MR &
(5pmol/L)0. 041, Ex Taq HS(5U/pl) FiHH 0. 05wl DNA A4k &k 200ng, fieJ5 MIZK 2 10l
PCR amplication system is that 10 x Ex-Taq buffer 0. 5pl,dNTP(2. 5Smmol )0. 8pl,
Mg?* (25mmol )0. 6ul, primer(5umol/L)0. 04ul, Ex Tag HS(5U/wl) 0.05pul,
DNA template 200ng, adding H, 0O to 10l
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2.3.3 BEUIFMaikisiE

BB MEBENS 2.4 FAMSAR TILLING K R i#1TE E G

SIBFEZ) R 18% B, PCR ¥ 34 7= 1) 28 1] | Sephadex FH ER A B TILLING 14 24600 Waxy L
G50 2L AR UK 25 B3R W A Uk RGBT RIT ELAS AT LA R A I 3 Wy JE R 0% BH M 98 28 037 6, 1

FIE (B 5a) , FEHABSR R 2SN Wi E BIERARN S AN CEL T BgYIEI &40 (&
T, Y ENE NS R R 40% B, IKERART  6) o KR 1 S AR IR Waxy B2 E B 1S )5,

W, P {5 1 (& Sh)
S A R ELA R RIRS I

+-.4-Mu FURTEFIETT TR S——————————.

2% B 28 SR P N B 4L 9 BRI P 45 SRR IR ATAR Waxy FEH 751 5 8
2 18 BPAER P S LL 4B 5 AR (1 7))

5 ENIERGE
Fig. 5 CEL I-cleaved gel image of Waxy gene

in different dampness
a: ZE P ARNNEEAF T IRDye 700 563 18 AL bk 5] 5

b & NI+ T IRDye
a:The IRDye 700 image under

b:The IRDye 700 image under humidified environment

W61
M &1

W 121

2h1

21

296

i

a61

Ll

421

L]

2 £ T £ T £ T £ = =

4R

wmwmmmwmwu

b
1] Fa vk B
B 6 Waxy £ FRMERE S BIKEN
Fig. 6 The positive mutation of Waxy gene
identified by TILLING
a:IRDye 700 Hf) A BL ;b IRDye 800 B ¥ A Bt
a:The dark band circled in red is IRDye 700 band
cleaved by CEL [ b:The dark bands circled in blue
is IRDye 800 band cleaved by CEL 1

700 ¢ IE HL K E

unhumidified environment

EEGTCTRETRRTTACARTT TECAGG TECRERGCARGACCAAGEAGAAGATETATRGACEE

FOLRRRE R R et nnnernrnnnnnnnn
GEGTCTECTGET TRACAAT T TCCAGE T CERELEGCARGACEAAGEAGAAGN TETATELACCE

GACGCCERCACCGALTACGAREACARCEARCARCEE T TEAGECT TETCTGECARRCAGER
FELERREE R n e e e pnernrrnnnngnn

CRCCCCRG ARG TACCAREACARCCACCARCECTTEARECTTICTETRECARECAGEA

CCCNEENTCCTCENCEC TEARCAACAANCECACACTTTTICTCEACCCTACEE R

iIIlillllélllHlllllllllilIllllIIIIIIHIllllIIIIIIIIlllIIIII

CEACERTECTCEACCETEAACAACAACCECACACTITICTECACCCTACGE T

nMCATCAARAMCANCTACACTETATETEAAGAACTTEATTICTACTTIGAGACCACTEGAT

FOERERRU R R R n e e nerrnnannin

nACATCARGARCANETAGACTETATETEARGARCTTEATTICTACT TENGEACCACTREA R

CATTATCATCTTECETTETATCTTECTECTECCATEC T . .. .. TGCCETECCGTRCCREE

tennnnennennnnennnnnnnnnenrennnnnnnnntl TERRnnnnnnnnnnnnn
CATTATCATCTTECT TETATCT TEGTEE TRCCATECTATECCATRCCETECECTRECAGE

CEECLCAGEEEAREACCTCETET TTE TG TECAACEACTEECACACEGECCT TETGEECTE
reennnnennnnnnnnnnn e renennneeeneRrernnnnnn
CCGCECAGEGEARGACETCETETTTETETECAACEACTECCACACEGECCTTCTEECCETG

CTACCTCARAGAGEARCTACCAGTCCANTGGCATCTATAGGACGLCCCARGETTTTECATEY

rennnnnnnnnnnennnnnnnnnenrenennnnnnnrerennnneneprrennnnnnn
CTACCTCAAGAGCAACTACCAGTCCARTGECATCTATAGEACGECCARGGTTTTECATET

TETGAAACTTTATATTCECTCTGEATATCAATTTTGEGETTCATTCTGGEAGCCTGAATT

tennnnnnpnpnnnnnnnnnnnnenrennnnnnnnrrrrnnnnnnnnerrrennennnn
TETGAARCTTTATATTCGCTCTGCATATCARTTTTGEGCTTCATTCTGGCAGCCTGAATT

TTAC

1l
TThL

B7 Waxy ZEEFERFINSREFFILINER

Fig.7 Blast of Waxy sequence between wild type and mutations

Wi 18 B4 A DNA JF 81 M 578 f& DNA J751
W :DNA sequence of Xinmai 18 wild type; M:DNA sequence of mutations
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5Ol o i 13 &

FIHEAL B TILLING 14 £ AT LA M A 0 21
WA 18 HUr M 17 M/NE TRIE BESE N Pinb 7775

F— H SRR (K 8) , 45K, ## 7 1%) TILL-
ING 1A 2 AT LA 2 St AS 0 2]t SNP 13 15,

b

8 Pinb EEBATRASKWNER

Fig. 8

The natural variation of Pinb identified by TILLING

a:IRDye 700 J@ 1 HL YK Il ;b : IRDye 800 il Hi Ik 5]
a:IRDye 700 ;b IRDye 800

3 itig

3.1 DNA BB ESHE . EASERANER

H AT, % PR Y CTAB 5 SDS 12 F145 Fh 7 1%
AR RV A AR D L R 4 DNA 280 {3k 86 7 v 45
Pz FERT S ARBFSE TR B PVP-40 5
ILALTT 2 WSO P 15 3 = e B DNA | #2420 B /D
FR P 7 B0 O Tl e DNA $RHC, R4 B
T 2hE ORISR A Y RS2 DNA 21 il
JRi A E R EDY M PVP REA AU L R £
B GE IS e DNA 2 BOR DA PVP40, — 5 T
H B 1 T 2By S R EAL, 55— 7 T A S
PR T 2855420, #25 T DNA St , T s 4f 1)
TR T RG] 3G R v AR AR SR

ABFFE R KAc 75 DNA 25U R v (178 FH 2 7
% pH {H =R 5A5E T TOIE R 1, B B SE 2R3 KAc
VSV pH A, FLER HE— AR R MR 3R B , HEik
fii KAc B0A LI ROV B ITTHREEE A . 24 KAc
SV B )2 10min B, JSREFL A BRI AR B 5 44T
o ISP TA]ZE 3] 15 ~20min B, KAc 7] L7844 4 &
1, ASREFL A 24 Bt DNA 4l 215 348 i, B AR
pH E R B KAc AT LAE S BR 88 11, AL &
DOV FH T LA pH (B B EUAE A DNA, [FIFE LS
TIRGFRZE SR . 52 - SF - S IEE E h aR
FIAR LG, RIS pH (SR EE Y KAe BRI

Dy AR 35 A TR DNA $2H,
3.2 5|4 . Mg** % PCR B{EX =43 1A 2200

5T & B, 78 PCR LN Mg®* (dANTP 5| 4
TaqDNA FEAHE 4 4~ H 2 X5 518 5 A0 2200 K 310 /N
KA 51 Mg®* (ANTP Tag DNA RAEE . A
WEFE 5 [y B TR FE & g i 3 3 25 R R R
TE— BN, B 5 YR BE i =, T DO R
ST TR TS 51 vk BE G N E] 0. 6 wmol/L Al
0. 8umol/L B, I8 151 ) — Ak H 7= W58 s 5
Pt xfE LR 254 . 512 1. Opumol /L B,
FEYME S TR IR IR TS . P AE R UE B 39 R0 1) 4
T, FIRE 2905 FE, 51 P BE % 0. 4pumol /L, BEH
PRI S R H AT
3.3 CEL I %Rk =S8 ExEREEGNRN

FIFH CEL 1 Bgx A8 547 55 i UI HIJ2& TILLING £
R SRR IR D FET CEL T BEE SRR
FIFFIHIAR AL AREF ST Y SN R F CEL
I 2/t LI-COR 4300 HL UK UG 22, S AT
Bb T LA (5 55 5 (Y B B 4l kB CEL 1 2%
MR, UG T i B 2, Rl (5 o i Ak AT
feZM T CEL I ZZ P & A Triton X - 10025755
JHADES 7 Tl AL N 8 58 4 K BRax 26 55 7, M
SO T BT EE AL BRI T A Y R AR

M PCR 938 2= Wy B U1 — R 55025 B8, 7
RIS AR TR E RS R R M AR TR
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T BN EEVI AT A LARR 25 2 AT B A B
i 2K 0 5 4 5 A B R ) 1) 58 A8 67 a5 PG T A5
SEG R, Jbat X RS T 25 SRR, th
TR, 76 H/F Sephadex Zl Ak MR I, 25 5) 15 1%,
Sephadex G50 WAL, M T M E A EY
bt ) — R i 8 o, R IR ZE A, P E A
28 AR $2 = 5] 409 R}, B EL 500 k55 , Sepha-
dex G50 S 5] M T FH RIS TRY IR
() L BRASR T TR MR AR TG I, P (5 5 40

2% () PR R TR I ) S R S 2 R
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