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Analysis of cryl1Ca gene from Bacillus thuringiensis strains with
high insecticidal activity against Spodoptera exigua

Wang Yang"?, Zhou Zishan’, Liu Yonglei’, Han Rong'., Zhang Linjing', Zhang Jie*

(1. School of Life Sciences . Shanxi Normal University. Linfen 041004, China;
2. State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of
Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract One pair of degenerate primers, designed based upon the 14 known sequences of crylCa genes, was
used to identify crylCa genes from 472 wild isolates of Bacillus thuringiensis screened in our laboratory., and there
were 22 isolates containing crylCa genes. Five patterns of restriction fragment were obtained by the analysis of
cry gene diversity depended on PCR-RFLP, indicating that 22 B. thuringiensis isolates could be classified as five
types. SDS-PAGE analysis results showed that a main protein band with approximate 130 ku molecular mass was
detected in each strain. Western Blotting analysis results also demonstrated that CrylCa proteins were expressed
normally in all of the 22 strains. The preliminary bioassay was conducted with trypsin-activated Cry proteins ex-
tracted from 22 Bt isolates against the neonate larvae of Spodoptera exigua (Hiibner). The results showed that all
of these strains hade high insecticidal activity against target larvae. The LCs, values of the five selected Bt isolates
representing five types against S. exigua were measured, and the results indicated that the toxicity of the five
strains was very high; the insecticidal activity of the strains T1-E12 (0.087 pg/g), B16-C8 (0.103 pg/g) and T1-
B8 (0.202 pg/g) was similar to that of the positive strain G03 (0.090 tg/g) . and these strains have great potential
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for commercialization. Our findings will lay the foundation for discovery of novel B. thuringiensis isolates.

Key words  Bacillus thuringiensis; crylCa gene;
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TEHE L TR M) S F R H ™ gy ol 2k
WARE KRS, P E A BRI, 5
A7 Sl A 2N R S TR U e S PR T E ) I
58 Bt SFLE YR B RAI

B FMFFE (Bacillus thuringiensis , Ta] FR
Bt) o — M BE G2 45 S R 7 A HLp 22 G P M 4
R A% T PR 22 ory IR Pl g A 1 2% 1R 2R
TERS . BT Be A8 du i o B X AR 3 R Rk
BEAR DL ROS AR BB A P /N BRGNS L Bh i 4 4
T E R OB R N Rz
A A R, 1988 4R —AS crylCa S
JERE . 1990 4F Honée B UHRIE 13X A erylCa HEPFR
BRI B AR EAS . 24 ik A
BREA 141> orylCa BEA A K HIRE ) erylCa £
PRI AR 8 A (B 5 U E Pran 242 0 23 Wl —
http: // www. lifesci. sussex. ac. uk/home/Neil_Crick-
more/Bt/) . [E PN 22 G5 5 7 8 H X S e
2770 Bt 1 bk, 4 S18-47T WY-190"" fil Hey £
FIH CZE99985H2) | GO3M™ A& bk

ARSI 2SRRI X TS M 2 7 ) AR 1) ik
il B0 ARSI T B R F T AR A4S & PCR-RFLP
BOREIBCT C A IE XS ISR A EA =3 K orylCa
BEPHS SR A S X FRATTIE AT 4 B Y B
PRI TG PR 17855 5L PR S5, 4 4 o) Al S R BLAT 15
RIS VERY TR, L T — b5 ) bk X LE R Ak
FIFE S SRR S orylCa FER . ARHEFE AR
ATHEEBIR Be TR A48 S5 RS 1 2%,

1 MRS

1.1 RIe##
L1.1 #FREHKR

AT2 BREFAE Bt Bk 9 A SR 5 AR P s
I3 B TR

FHAE X B8 Bk - HD-1Ca7 CorylCa? FE N A
HD 73" TR AR . A& GO3 BFA4E Bt
R &H crylAa.crylAc, crylCa, cry2Ab [, &&
T AL AR AR 7 BE AR DR IT 20 B o %) S 730 0 557 1 %

Spodoptera exigua ; LCs,

PERAEASTE.
1.1.2 Exi

WA LB B SR AR B R 100, BE Rk iR Y
0.5%,NaCl 1%,pH % 7. 0,121 ‘CKE 20 min,

Wk 1/2 LB B bk R MR 0. 520 BEbkhied)
0.25%,NaCl 0.5% % pH % 7. 0,121 CZK 20 min,
L 1.3 s &A TR RIE

RS I e BOURF AR YRR R AT R
AR B SR e N T ARDEE e [ Ol B2 B
FEORAT BT T A AE 3 HUZH 44
LL4 FZAEMRKA

I LA TAEY TRy A R B A R
IR 5 Wt B 1 P DDl LA Sz AR o DNAL R B
marker I [ Ki%E TaKaRa 549 TREA RA A ;
A1 25001 B It R F AV B R AW 5
Pk /N BORE 5. 1 3 56 E — & (Envir-
ologix) /A w3 55 —Hik . HRP FRiC iy F40 B ST . 1
H ZE[E Sigma /A A 5 AW : SuperSignal® West Pi-
co Chemiluminescent Substrate i,7] & W H Ther-
mo Scientific A H]

L2 REHZE
1.2.1 crylCa # B 3 5| 4 3%t

it Be A% U E PR a4 22 0123 Mt http: //
www. lifesci. sussex. ac. uk/home/Neil_Crickmore/
Bt/ Fhk A 445 H i CHRGE I crylCa 55 4 S50
HIHE 14 4, 55 crylCalO.crylCald AME 12 453%
P59 % 51 BE % 8 i GenBank % 5% 5 )\ NCBI |
TEG B 12 SRIET T SIHET 2 7 8 LT, 5t fg
WP 3l crylCa R 2K MR FH519 .

B a1, RS 1) 5'-ATGGAGGAAAATA-
ATCAAAATC -3', T it 51 ¥ 5-ATTASTCCTTATG-
GAGGAATAA-3,

1.2.2 Bt @A B4 DNA #7433

S DNA $2I0S %k ER % ik,
1.2.3 BtHtkorylCa EH L =

X AT2 AIERAIAT IR P 5~T D RRRIE R 2
IREVEN—HBAR AU crylCa JERTRIIE5 198 Sk
T155—4% PCR Y1 R IG X RES Y 1 th 5 5 IR &
L FFITRIHEATEE RO e BT bE .

PCR " 1§ 5% fF: 94 CTAZPE 5 min; 94 CASPE



412 55 2 1)

EWGEE R RIA M HAT A G PER) Bt bk ory1Ca JERIBFSY e 21

45 5,55 CiBk 1 min, 72 CZE§1 3. 5 min, 30 KA
;72 ‘CHE{#H 10 min,

PCR W& & : 2 X PCR Taq Mixture 10 L,
#7110 pmol/1)4% 1 ulL, DNA fiR 1 pl, #afsk
7 Ll B3t 20 pL KRR,

1.2.4 crylCa EE MY B 7215 0 7 247

f4E CrylCa [ RENRIITA 130 ku Cry 85
AL S — LT N U 600 G KL PR At % P X g
(C ARG RMMATI . HILMIER Y 5 553 2y
2.2 kb #1514 I PrimeStar (R R LR B 1Y
PEMIE AR . BB S iS4 5
ATGGAGGAAAATAATCAAAATC3', FiEal 4 5'-
AATTAAAAGCTTATACCCGT-3,

PCR 4" # 2 %: 94 CHiAS 4% 5 min; 94 C A8
45 5,50 CiB 'k 1 min, 72 ‘C ZE{f1 2 min, 35 IRTEG ¥ ;
72 ‘CHEf 10 min,

PCR Jz W & & : 2 X PrimeStar 10 pL, 5] %)
(10 pmol/1) % 1 L, DNA £k 1 pL, JatiK7 L,
Bt 20 pL IR &,

D28 B AU R AE PR AR A BR A F 52 R
1.2.5 WHhaEEDEIWE

FIHT 1/2 LB #3350 it Ak B 7% 30 h, BX
63 A (H A Olympus) #E£7 100 X JilE WAL -4
B BT 2 ILSCHRL 19 ],

1.2.6  E#k ory EH S H BT

K H PCR-RFLP 7 A % i 1 H 11 B A= 1wk F
15 cry JE R 2RI Z FEPE 50 #5735 51 9 & PCR-
RFLP Jife 2% i K e desr ik . st i 51
YA B RIEZ I cry LI PR SF X FR T 51 20t
BRI MR I Hind T BRGIPE N B 3 1
FEYIEATEEYT . REA% N H S TR 7R A i) 1 3, A
BT XA Bt R R ory B4 LT 22 5 % 0E

S5 W8 L3519 con 1 ¥4 5'-TATGC-
WCAAGCWGCCAATYTWCATYT -3, F 5|4 con
_5r J¥%1] 5-GGRATAAATTCAATTYKRTCWA-3',

PCR #3445 94 C TS PE 5 min; 94 CAg
1 min,38 CiB K 2 min,72 CZEf# 2 min, 30 I
;72 CHEfH 10 min,

PCR W& % : 2 X PCR Taq Mixture 15 pl,
519710 pmol /1) 4% 1 L, DNA #iki 1 L, #afik
12 pL, 3t 30 pl,

PCR V1A % : PCR =¥y 10 pL, i Y] 22 m

3 pl,Hinf 1 1 pL, @4k 16 1,37 C/RML 2 h,
1.2.7 Cry ZARBR . JFEEBEMUREE

WMk Cry S8 FHRBCR A 1/2 LB kIG5 &
SVl 0 5 s AT 4R B, BRE WL Zhou SE 19 U7
L AR Cry A SDS-PAGE 53 2%
B A 6 50 S I R AT TR RL 1 0 pg GRE N
0. 2 mg/mL) 4 ML 11 88 11 (BSA)AE Ay b5 o 85 (1 i
114500 i o R MR 3 A 3 (Tmage 1)l &
LUK S5 IR BE A, TF AR AR i BSA MR 2155 Cry B
FIVREE . 2% Bravo SCRR™ S PRIRER I (1 250) X
PEEUY Cry P M L AR IR BT RE L 1 10 (iR
ity : Cry 2519 50 AR I8, 37 CTR AL 2 ho gk
YHHAL R F 45 2T SDS-PAGE 204 e it .
1.2.8 Western Blotting 3t f# 3% B #k crylCa 3t F

ik A

X IR B AR B B2 IR Cry 28 F BOIH AL = ) i 1T
10% SDS-PAGE Hijk: 2 Bl s A . Horp 1 el
PATI AT % S i g, 53— F Western
Blotting 43 #1. ] eBlot k3 % EI{Y (th [E Gen-
seript) 10 min K¢ T8 15 F8 BASRREFAEZR . 5%
W Wk (1XTBS-T #if) sl B ] 2 hy 1 XTBS-
T #EVE 3 YK, AKX 10 min; iILA TBS-T #i B4 BT
CrylCa 8 H 7 BEHA 1 000), ERFE 1 h;1
XTBS-T 5 3 Y BEK 10 mins it A HRP ARiC Y
FHRZHr1:2 000, FRME 1 h; 1XTBST &
PE 3 W, BIK 10 ming B EE AW, A Im-
ageQuant LAS 4000 mini #¢ & %X (£ E GE
Healthcare) #4708 AR,
1.2.9 #EPEE = E RN E

TSP g A HO P 1 A0 20 0 7 < b B AL i
ik 22 #REFAE Bt @k 0 B E R G03,HD-1Ca7
PERRSRIUY) Cry 2, 363 24 41 3 — 2 Ho il g
& [ARER 50 mmol/L Na, COy (pH=10. 0) {4 .
FFATEXTBRA] . 4208 10 g/ F & FREUA AL 4351
BT 60 mm EEFRILA . 2351 0A 1 mL ff
DUFE A I R G35 . BB AR
TRHREE 70 pg/g 1/10 MR E 7 pg/g. B UKL 2
NEE BEEEYIMAE 30 k. BRI UE
T 26 COHRIEFAFEOLRIN L/D=12 h//12 b i#
TP 7 d 53R B R A 5 55 40 PIRLEE L AR X
T HE KAl 5 AR o 5 S HA 40 Sl el A R A 3 OB
HL G B IESE TR . BIEAET- A
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BEFET- R (%) = (AbFRLABE TR — X B L AE
T23R) /(1= X BRI AET- %) ] X100 %,

Bk LCs [EIMN 5  iEFEXT IR F AR G03, HD-1Ca7
WRRLA J 28 PCR-RFLP 4341 cry SRR A 22 57
(1 T Ak 1 4T &0 s LCso 86 B2 12 57 6. 000, 2. 000,
0. 667.0. 222,0. 074,0. 025 pg/g 3t 6 kAL, HA4
W 3 ANEE AT 30 Wi e, HAth 7
¥ . 2% Vincent™ [y J5 3%, FIH SPSS 13. 0
AEHEAT LCso fH I

1 2 3 4 5 7 8 9 10 11

12 M 13 14 15

2 ERE5HM

2.1 &% crylCa BEEBEKEESNF 547

FIH BB 95 472 S EEE R EF A4 Bt Bk
FEH 31T PCR 4734 , 280 B BE M e L VK, B %
A B 22 PREF A Bt WARRRE Y B 1 KN R
3570 bpft B & 4574 (& 1), I 5 45 5% 6 & 0 i
crylCa FEREAT HUXT, 53R & B 22 23[R 5" 45 5]
2y 2.2 kb FEHI IR crylCa7 Fe R 36 P X I8 51 58
2AH[A

16 17 18 19 20 21 22 23 24

<3570 bp

1~12: PAERTBE. HD-1Ca7 [I#EXTAG. B15-B4s B16-C8+ CI12-C8+ T1-A2v T1-A5. TI-B8. TI-E12. TI-E10. TI1-D7
T1-F10; M: DNA marker DL 5000 (4> 7 _EZ 45150005 30005 2000~ 15005 1000~ 750~ 500~ 250+ 100 bp);
13~24: T1-F1. TI1-E9\ T2-C8. T2-C5. T2-D2. T2-C12v T2-D10. T3-A8. T3-Cl12, T3-E10. T4-C10. T5-E8

1-12: Negative control, HD-1Ca7 positive control, B15-B4, B16-C8, C12-C8, T1-A2, T1-AS5, T1-B8, T1-E12, T1-E10, T1-D7,
T1-F10; M: DNA marker DL 5 000 (molecular weight is 5 000, 3 000, 2 000, 1 500, 1 000, 750, 500, 250 and 100 bp respectively
from top to bottom); 13-24: T1-F1, T1-E9, T2-C8, T2-CS5, T2-D2, T2-C12, T2-D10, T3-A8, T3-C12, T3-E10, T4-C10, TS-E8

Bl 1 22# Bt EHERH crylCa EFE PCR T IEEELER
Fig. 1 Amplification results of crylCa gene from 22 Bt isolates by PCR

2.2 EHREBETENE
X 22 tk Bt BBk BEAT O B GO AR 50

\i5 R P 2
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- e b/
- | .
NN Ve e a \
A= v S
N
. i
2 < &
g S Ao ! -
ol N % h -
£ 5 " o
AR, \\f .

d )

& 2

2R BX 22 BREHR AR L BEH 52 BE bR GO3
—EHBUEEAIE (B 2),

A =L =
Y & Wi S A

A
: "o \ ) - c IR K - R
a~f: 2B HEFRGO3 T1-E12+ T2-C5+ B16-C8+ TI-E9+ TS-ESHEMATERAS: k1 00044
a—f: The crystalline morphology of strains G03, T1-E12, T2-CS5, B16-C8, T1-E9 and T5-ES8; 1 000x

BB Bt B RSN AFZERIENURER

Fig. 2 Morphology of partial Bt isolates under optical microscope

2.3 FJAH PCR-RFLP X i EARHEIT cry BEE S
HHEE
FIFZX R I 51 M%) 22 AR B A= Ak 4T PCR

PUHE A5 2R R IX SE BR ARE [H 2 P RS
—Z RN 1.4 kb B 2% (18] 3a) s 4R 7
By 1. 4 kb S AT Hinf T BRI DIBREG) . 2
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2 V0 BN BH BRI vR VK 25 2R SR AN () 10 P 3 (P
3b) o YIS A R DL/ NBEA T 0 B A RE
X 22 DRI AN SR 5 28 (& 30), Horh 26
1 XL ERR Ry B16-C83 267 2 X R #k y C12 - C8,

T4-C10,T5-E8 3t 9 #5288 3 Xfh itk 4y T1-B8;
4 S T1-E12, T1-F1, T2-C8, T2-D2, T2-C12,
T2-D10,T3-A8 4t 7 #2554 5 2 B15-B4, T1-E10,
T1-E9.T2-C5 3t 4 #. G03 H#k PCR-RFLP £ 5

T1-A2, T1-A5, T1-D7, T1-Fl10, T3-C12, T3-E10. (] 3d) , H bl Kl 52580 2 AL,

] 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 M’

-— A W ey W W e ) W W Y S W G S e - W . . .

] 2 3 4567 8 9101112131415161718192021222324 M M 2 3 6 7 8 2324 M 2526

1.4 kb

a~d: 43 1A Peon_1f/con_ St | #X BRI TPCRY 1 (a) K Hinf T BEY) 145 5 (b); B 43 245 5 (c); GO3 A FRPCR-RFLPIE]HE(d);
1~24: 228k i i bk, HD-1Ca7RH % R 24: BHMEXTRE; 25: GO3 1.4 kb #4724, 26: GO3F" B4 F= 428 Hinf 1 §4J][&]; M': DNA marker DL
5000; M: DNA marker DL 2 000 (478 H _E% F 52 000~ 1000, 750~ 500~ 250+ 100 bp)

a-d: Electrophoresis of PCR-amplified products of Bt strains by using primers con_1f/con_5r(a); restriction enzyme patterns of PCR products
digested with Hinf I (b); comparison and classification of restriction mapping (c); PCR-RFLP mapping of G03(d); 1-24: 22 screened Bt
strains,HD-1Ca7 positive control; 24: Negative control; 25: GO3 1.4 kb PCR product; 26: GO3 PCR-RFLP mapping; M": DNA marker DL 5 000;
M: DNA marker DL 2 000 (molecular weight is 2 000, 1 000, 750, 500, 250, 100 bp respectively from top to bottom)

3 22 % Bt H#k cry EE PCR-RFLP £E 4R
Fig. 3 Identification results of cry genes of 22 Bt isolates by PCR-RFLP

2.4 CryZBERBVEL.EE

1 2 3 4 5 6 M 7 ku

WP MR $E Y Cry 28 H #£17 SDS-PAGE & : — " —200
BT SRR A TR 30 ke q ="
PEAEE O, BT HEE AR T Cry & : : — - 66
U IE R MR 11 L L 2 5 2 ‘ B

2 h AR . 130 ku JH2% . 8 A AR T 60 ku
BFIT . JF SE R T I AR AR A E AR
2.5 Western Blotting 43 #fr 45 5

FIF CrylCa Bk 3 Cry B 113 16 7 40 it 17 4 5 Bt MR Cry B ERHFRN SDS-PAGE 547
Western Blotting Z3#T» 4% 5 g7, A S ZE 60 ku 93k Fig. 4 Partial results of SDS-PAGE analysis of protoxin
P2 A8 261 (] 6 b) . 5 Cryl Ca PHERT BE—3K,

1~6: 130 ku CryZ H; M: 2 Hmarker; 7: BSA
1-6: 130 ku Cry protein; M: Protein marker; 7: BSA

extracted from screened Bt strains

1 M 2 3 4 5 6 7 8 9 10 11 12 13 14
ku
100—
70— ° P— -—

- - -y e S S S - ..
50—

1: 0.2 mg/mL BSA; M: Fi & Fmarker; 2~14: T1-E9, T2-C8, T2-C5, T2-D2, T2-C12, T2-D10, T3-A8, T3-C12, T3-E10,
T4-C10, T5-E8, HD-1Ca7, G03

1: 0.2 mg/mL BSA; M: Prestained protein marker; 2—-14: T1-E9, T2-C8, T2-C5, T2-D2, T2-C12, T2-D10, T3-A8, T3-C12,
T3-E10, T4-C10, T5-E8, HD-1Ca7, G03

B S BEEAEELCyZEARROTER
Fig. 5 Analysis of Cry protein digested with trypsin
2.6 EHFERHERHBFEHONESR 70.7 pg/g o3 N B R B AT R A8 A I 45 R
ZERITE R Cry SR Y AWy WIS RO B SR ROk S A B 22 0 (3R D s 1
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70 pg/g WePE T .22 BRI RIS IESE TR AE 96 % LA
b (19 Bk R BE B Bk GO3 . HD-1Ca7, B 1IESE T
F oA 100%) . HAF I B K /N TR 47 59% . G B 2 34

K7 pg/g W R A 18 BRI IESET-HAE 90%
PIF L3 MR AR IEFE TR AE 84 % ~90% = a] . 1 #
H75.4%.

M 1 2 3 4 5 6 7 8 9 10 11 12
ku o
100—
70—
a0 8 S T S - t—-’ i -—— e .
a
ku 1 2 3 4 5 6 7 8 9 10 11 12
100—
M
50— b
a: F DR YA 5 5L b Cry 1 Caffui Fli 45 5L, M: Fii e Fimarker; 1: HD-1Ca7; 2~12: #8343 tiX Bt bk
a: Results of gel stained with Coomassie brilliant blue; b: Results of Western Blotting; M: Prestained protein marker;
1: HD-1Ca7; 2-12: Partial screened Bt isolates
B 6 Western Blotting 4y 17 45 52
Fig. 6 Analysis of CrylCa proteins by Western Blotting
F1 BtEAFSEXNHERBENTEWFENESER"
Table 1 Preliminary bioassay results of Bt toxins against the larvae of Spodoptera exigua
70 pg/g 7 pg/g 70 pg/g 7 pg/g
k73 . FIEAETR/ Y FIEFET- R/ % (173 SESETSER /% AEFET-ER/ %
R gy BIEERI g g BRI/ R gppoyy BEIEERI e g BEAEER/06
Strain . Corrected . Corrected Strain . Corrected . Corrected
Mortality . Mortality . Mortality . Mortality .
mortality mortality mortality mortality
_Bl6-Cs  100.0 10.0 ¢ 9.7 9.5 T2-C8 100. 0 100. 0 96.7 96. 5
C12-C8 98. 2 98. 1 94.7 94. 4 T2-D2 100. 0 100. 0 98.5 98. 4
T1-A2 100. 0 100. 0 95.0 94.7 T2-C12 100. 0 100. 0 98. 3 98. 2
T1-A5 100. 0 100. 0 96. 6 96. 4 T2-D10 100. 0 100. 0 96. 8 96. 6
r1-D7  100.0 100. 0 76.7 75.4 o TA8 100.0 100.0 983 98.2
T1-F10 100. 0 100. 0 85.5 84. 7 B15-B4 100. 0 100. 0 98.4 98. 3
T3-C12 100. 0 100. 0 89. 8 89. 2 T1-E10 100. 0 100. 0 90. 3 89. 8
T3-E10 100. 0 100. 0 100. 0 100. 0 T1-E9 100. 0 100. 0 100. 0 100. 0
T4-C10 100. 0 100. 0 93. 4 93.0 T2-C5 100. 0 100. 0 95.0 94. 7
_T5E8 1000 100.0 ¢ 9.7 . 9.5 GO3(CK™) 100. 0 100. 0 88.3 87.7
_Ti-B§  100.0 0.0 100.0 100.0 HD-1Ca7(CKt)  100.0 100. 0 98.3 98. 2
T1-E12 96. 8 96. 6 96. 6 96. 4 Naz; CO3 (CK) 5.2 —
T1-F1 98. 4 98. 3 96. 6 96. 4

1) A2A% 22 4 Bt TR i B2 R 4% 8 5 25 PCR-RFLP g9) [ 33% DL £ AH IR » #47HEP . Na2CO;: 50 mmol/L, pH=10. 0,
22 Bt isolates in the left column are sorted from top to bottom by 5 patterns of restriction fragment which are separated by dotted line.
Na;CO;z: 50 mmol/L, pH=10. 0.

HRAEAIA A 25 SR £ B PR S e Tl D) [ i
ZES5IHT N 5 DAY B AR TR A 1 BREE T =)
it 32 (B16-C8, C12-C8, T1-B8, T1-E12, T1-E10) #£1F
LCso P s AR ZE 3R B (3% 2), TI-E12(0. 087 pg/g) .

R2 BUEUERINMRTHEENEENELER
Table 2 Bioassay results of Bt toxins against the

larvae of Spodoptera exigua

BOETHE /pg - gt 95N BIFXE]/pg - g

WAk Strain

LCso 95% Confidence interval
B16-C8(0. 103 pg/g) . T1-B8(0. 202 pg/g) By id AR T1-E12 0. 087 0. 056~0. 124
N . o B16-C8 0.103 0. 056~0. 164
= > 55 BEEXT R B R GO3 (0. 090 g/ @) AH 24 5 171 B Bk T1-BS 0. 202 0. 107~0, 332
o . C12-C8 0. 610 0. 430~0. 829
BEIE 301 IO IR AR GO3 MR 6. 8 R 7.5 . P00l 00 00590, 115
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