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@ E: @# CICIM B0013-030 (B0O013, ack-pta, pps, pflB) TR D-FLEREA L 2L B =4, RMal =Wk RA
LHNMA TS A FHEILKREY 11.9%F 7.1%. HMES FHE AT D-ILBRETLXMH B A, KAFLMRT HH
B0013-030 #9384 88 (frdA) A= LBL (tdcDE) & RER, AR T EUAREREMALBHE T 2R NELE GFREK
B A REK B ZBR) AR H HMEL B D-ILB e thde. 4R AW, 2 AMELH frdd:difGm F= tdcDE::difGm R % £
FUFA, HAH Red TUALBREEHATRERLHA VAR, AAMA Xer THELAERIATHHLR, &
KFEFT L EH B0013-040B (B0013-030, fidA) #= B0013-050B (B0013-040B, tdcDE). Z#RAE B4R LA, frdd 3k
B &4 M PR A2 7% T 4k BO013-040B &) = 43530869 4 544K T 80.8%; £ 7 L AB4E+ #H475L0A A B, 4k B0013-040B
89 D-FLBR = 345 1145 g/L, RFLEKRT 99.9%, 2R R 1.0 g/L M8 Af 54 g/L T8, #t—F MR T tdeD Fo tdcE
A F 49 Bk BO013-050B, f& 7L A B4R T4 & 111.9 g/L D-3L8, T#MARMABMG S RENINEIKA 0.4 g/L, Libal =
H o FHRIFEARNKE, RPN IZHREA AL o) D-FLER K B fb.
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Abstract: When Eshcerichia coli CICIM B0013-030 (B0013, ack-pta, pps, pfIB) was used for D-lactate production, succinate
and acetate were the main byproducts (as much as 11.9 and 7.1% the amount of lactate respectively). In order to decrease the
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byproduct levels, we inactivated succinate and acetate synthesis in B0013-030. Two recombinant plasmids containing mutation
cassettes of frdA::difGm and tdcDE:.difGm respectively were constructed first. The mutation cassettes were used to delete the
target genes on the chromosomal by Red recombination. Subsequently, the antibiotic resistance gene was excised from the
chromosomal by Xer recombination. Thereby, mutants B0013-040B (B0013-030, fird4) and B0013-050B (B0013-040B, tdcDE)
were produced. D-lactate producing abilities of the engineered strains were tested both in shake flasks and in bioreactors using
two-phase fermentation (aerobic growth and anaerobic fermentation) with glucose as the sole carbon source. When fermentation
was carried out in shake flasks, inactivation of fird4 in B0013-030 to produce B0013-040B reduced succinate accumulation by
80.8%. When tested in a 7-liter bioreactor, B0013-040B accumulated 114.5 g/L D-lactate of over 99.9% optical purity. However,
1.0 g/L succinate and 5.4 g/L acetate still remained in the broth. Further inactivation of tdcD and tdcE genes in BO013-040B to
produce B0013-050B decreased acetate and succinate accumulation to 0.4 g/L and 0.4 g/L respectively, and lactate titer was as
much as 111.9 g/L (tested in the 7-liter bioreactor). In light of the lower byproduct levels and high lactate production, strain

B0013-050B may prove useful for D-lactate production.
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HHGE pykF . ppe. pflA. pta FI adhE S5 RN BR
RALH R, £ pta. ppe 3N RA WAL B 5 R EH
Pk D-FLIR A7 50 Zha 25U ER T E. coli YYC202
(EL A5 aceEF . pfl. poxB. pps FEH ) HHY
SfirdABCD FE[H , JRAGHRE ALS974, LA 21 F1 ) % b
MIEWHE=T 138 g/L D-FLIR, 1% Hh 97%, £
FRURIE R 6.3 g/(L-h), JEa] LA S BRI 24 TR 1
16 3 g/L (£ 3), Htk TG114 REME S8 99.9% L 156
A D-FLIR, W MRAE A 1 mmol/L FHF 360
I HLER B IR P BERE 129% (W1v) BB AL N
118 g/L LR, HAL%ik 98%' (% 3).
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AR AR o AR L BRI, AR Ho DL —RRAE R
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TR TR A B0 WU — SR TR
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BET& 5 o/L &M 50 mL ok B MO WA 15 77 3k
o (7F 250 mL =), 37 °C. 200 r/min 555
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R1 AHRPEERRER. RAZY

Table 1 Strains, plasmids and primers used in this study

Relevant characteristics Sources
Escherichia coli strains
CICIM B0013 Wild type CICIM-CU
CICIM B0013-030 B0013, ack-pta pps pfIB CICIM-CU
CICIM B0013-040B B0013-030, frd4 This study
CICIM B0013-050B B0013-040B, tdcDE This study
Plasmid
pKD46 Ap', y B exo (red recombinase), temperature-conditional replicon CGSC
pSKsym Ap" [9]
pSK-EcdifGm Ap', Gm', dif-Gm-dif cassette CICIM-CU
pSKsym-frdA’ Ap', frdA’ fragment This study
pSKsym-frdA’::difGm Ap', Gn'', frdA1-dif-Gm-dif-frdA2 cassette This study
T-tdcDE’ Ap', tdcDE’ fragment This study
T-tdcDE’::difGm Ap', Gm', tdeD-dif-Gm-dif-tdcE cassette This study
Primers
FrdAl 5’-CTTTCAAGCCGATCTTGCCATTG-3’ This study
FrdA2 5’-ACTCTTTACGTGCCATTGCGGAGT-3’ This study
FrdA3 5’-GGAGTTGCCGATGATGTACGGTT-3’ This study
TdCDEL 5’-TGACAGTGTGGCCTTAATTGGCC-3’ This study
TdcDE2 5’-TCAGAATCGACTGGGTAGGGACG-3’ This study
TdcDE3 5’-GAAGGTGCATTGAAGGCAATTGC-3’ This study
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Fig. 1 General reactions in lactate fermentation from glucose by Escherichia coli strains. pps: PEP synthase; pfl: pyruvate formate
lyase; tdcE: pyruvate formate-lyase, homologous to pfIB; pdh: pyruvate dehydrogenase complex; ppc: PEP carboxylase; /dhA:
fermentative D-lactate dehydrogenase; poxB: pyruvate oxidase; acs: acetyl-CoA synthetase; pta: phosphotransacetylase; ackA: acetate
kinase; tdcD: propionate kinase: homologous to ackA4; adhE: alcohol dehydrogenase; mdh: malate dehydrogenase; fumABCD:
fumarate hydratase; frdABCD: fumarate reductase; aced: isocitrate lyase; aceB: malate synthase A.
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T M9 WA 32 50 i 1 mL 1 mol/L MgSO, Fil
| mL R e R B . e R BT (g/L): 2.400
FeCly6H,0, 0.300 CoCl,:6H,0, 0.150 CuCl,-2H,0,
0.300 ZnCl,, 0.300 Na,MO,-2H,0, 0.075 H;BO;, 0.495
MnCl,-4H,0.,
1.3 D-AEBRABBARERAZE

— A% 75 LB AR FAEK T 24 hil
PR YA AT 50 mL LB AR FREEF (1 250 mL
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=), 37 “C. 200 r/min §3% 10 h,
TR T B0 - TR, I
PLO.1 g/L (BT B/ IR AR e m e T
&5 o/L BIAIHEN 150 mL MR M9 W iARE S
(@ 500 mL =), 37 C. 200 r/min ¥53% 9 h,
KEEEREE: B LR AP T T Lk
B4 (Bioflo110; New Brunswick Scientific Co.,
Edison, NIJ), #RiHN 0.062 g/L (FA& T 8 /155 3
A, KBRS IR B MO B3R 3L, BRI ks
WA 3L, IR w AR R 30 g/L. 5—M
BONIF AR A K B BE, W1ih28 A 3 L/min,
PEFEEE N 200 r/min, K I A S0 BE AR E N
100% , KMt E<EEE 7 L/imin, I
PP S DO [ QIR K 4k #5  fig SEHk E RT
30%; ] NH,OH Fl 10% (V/V) H,SO, 45 pH 5 N
7.0, Pl K BERE R 37 °C o B4R EAE 600 nm
(IOEIE (ODgoo) 5% 30 B, BIEASE — BB, %
AR RN B, TR B, #EA e E
PR 54 100 t/min, A 250 g/L Ca(OH), %‘{ﬂi
WS pH B4 7.0, KEAREERN 37 C, b
IR EE S 600 /L 1)1 2 B , I 1) 7 4 1) Joi o
H 140 g, MRS OB RS 10 /L A A7,
FRUCRMINAR R i g i Ag p L b in 4 Stk HErA
4 HEAN I AR RE S T RVAE R
1.4 SthA*
1.4.1  FIEE I E T
PRI 285 B R e B 0 (R4 6, 383 ODgoo 2K
For, JHEL PO ARBE N FIETHE (X):
X (g/L)=0.382x0Dgn0-
1.4.2  AHIHEIE Tr %
Hi% M SBA-40C HiZ M A W& 184Y (ILARA
Bl Be LB #E45 5307
1.4.3  HTT7EECR I B4 PR i AL FE 77 7
H 5% (VIv) RERIRBUR IR B RS & B RORE
Meft, B Ca(OH), MR AHLER, 2.0 LBk
CaSO, UL G SRR 100 g/L = LRIEEA

Ji, 2 0.45 pum GALUE I U8 S 3T
530 o
1.4.4  BGHLRIE 777

A LR & 5 = RO 35 31T 20 b, R s
4 UV (210 nm) F#%, (43%4 2 SH1011 (Shodex),
LA R 0.01 mol/L H,SO,, it A 0.6 mL/min, #
1’50 C.

1.4.5  ZBEME Tr i

CWE S 5 1 E WO (B 3E 31T o0 B, Rl A
TRZERGIN 2%, B384 SH1011 (Shodex), WiEhAHH
0.01 mol/L H,SOy, Jiii# 4 0.6 mL/min, i 50 C.
1.4.6 AR AN E Tr 7%

FLIR 27 4l B o A0 A i 64T 20, i
#50 UV (254 nm)gill &%, @ity CLC-L FHE4:
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2.1 XBEA#E CICIM B0013-030 F ¥k frdd EH
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) frdd FERFBE (1.6 kb), PCR =4 v [ A JEHL
pSKsym ) Sma 1 B VI AL &5, 4R 15 5 41 Tk
pSKsym-fidA’. %A R Pst 1 BFY] (KBR frdA
FFFFF A FA), - T4 DNA R4 B MR
WOE WAL, E LA difGm R B (TR 41k
pSK-EcdifGm [l Sma 1 B§Y], BRI 1.0 kb K/h A
B, BDARA diffGm W R B 318 E 45k
pSKsym-fidA’::difGm . Jiki pSKsym-frdA’::difGm
EcoR | {§V), JFMEIML 1.3 kb frdA’::difGm FEH
B, LLZ R B sEAR , R 514 FrdAl  FrdA2 PCR
?ﬁi‘ AT EHRSE B frd A difGm 78 &I Fr B,

B & Al Al J5 T e A S A R B BORL pKD46 242
2 mmol/L L-FalHiAr# 5514 H 19 % # B0013-030,
TER KRG R PV AR G 1 B AT frdA BRI 5872 1564k
T, IS4 FrdAl. FrdA3 #7% PCR ¥:iE, #41k
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FB0013-041B (B0013-030, frdA::difGm) 3%75 1.8 kb
RANBRIKEE (B 2), &b Filt—P i ER
1) LB WMAR: R P ARG TR, (il Gm JE P 3 1Y
dif P A, ML ERR Gm BN, PR K E R
Yotk E R E BG4 FrdAl, FrdA3 # % PCR ¥
B frdd 7R #E AT B E, 4+ B0013-040B
(B0013-030, fidA::dif) #:4% 0.8 kb Jo/NHiyk &l i
(I 2), iR R B0013 PCR P27 H 1k B3 /)N
2.1 kb (K 2), BEDEEFE B0O013-030 A firdd 3 4r%&
K E B dif e 50 2 4k .

bp 1 2 3 4 bp
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%
i
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2 frdd BERERLTH PCR £ ik E

Fig. 2 Identification of fid4 gene mutants by PCR. 1: B0013
PCR product; 2: B0013-041B PCR product; 3: B0013-040B
PCR product; 4: A DNA/Pst I marker.

2.2 KB#E CICIM B0013-040B E tk tdcDE %
[ & A PR

LA TdeDE1. TdeDE2 Sh75|#), PCR 43 KT
WY tdeDE FEH A B (2.8 kb), PCR FE¥7a A
pMD18-Tsimple #ffrr, RIS EM AL T-tdcDE’
HEA R Hind TIEEY) (£BR tdeDE 3L R P ARHR
AN, FFANERIPEAR S, SR dif-Gm Fr BeiR A
HLH KL T-tdeDE’ ::difGm . 5Ok T-tdeDE’::difGm i
514) TdcDE1., TdcDE2 PCR #"#, FJ 14k 1.5 kb
tdeDE’::difGm SR Fr Bt ¥4 tdeDE’ ::difGm 5875 &k
A Bl i i b A M Bh BokL pKD46 48 L-Pif i
TAHHA S 1 B B # bk B0013-040B, 78 K K% ZHilk
V- e HAT tdeDE BB AL T, FEHT I
TdcDE3, TdcDE2 [ PCR ¥iF, #1kF B0013-
051B (B0013-040B, tdcDE::difGm) 343 1.5 kb K/
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HLPK A (B 3). %5k Tl — S P E £ W LB
WA IR 3R, KB Om 3L, Pk K
RERPIME R KW E AT TdeDE3 . TdcDE2
7% PCR AT IIIF , 4L T B0013-050B (B0013-040B,
tdcDE::dif) 345 0.6 kb K/NLyk K3 (K 3), i
RER PR BO013 PCR =4 IR KIS R /N 2.9 kb (]
3), B #K B0013-030 (1) tdeDE #3433 A © 4% dif 1T
k=28

bp

2900
1 500

600

3 tdeDE BEREH L TR PCR £ E BIKE

Fig. 3 Identification of tdcDE gene mutants by PCR. 1:
A DNA/Pst 1 marker; 2: B0013 PCR product; 3: B0013-051B
PCR product; 4: B0013-050B PCR product.

2.3 D-FEEEMAREIE

##k B0013.B0013-030,B0013-040B £l BOO13-
050B 21 By Be#B i A e SIE 06, 4577 W) 2 5 P AL IR e
Ak 2 Ui, BRI R B BOO13 48 B B R i
RSy, 345 9.6 /L D-FLIR, LIRMBEIHME T
BRI, ANAH R . NERR M S AR,
HY T X S @] = R B, DR AR B LR e b %
H 51.0% (REN B FLIR e L R =R &y Be 7L IR
PR BT BOH A HE AR S, K 2). TR B0013-030
A TR 1 B R DR G 4 fie 30 S B 1 2 BEL T A T B
m, ZErmERERIKT 63.5%, AMERFR, &l
PR L D S FLRR 1 & 1T 29 TR, D-FL
fR =i L R AR B T 31.9% , IRE M BEFL IR F 1k
FKIHTIEINT 45.1% (% 2). SR HERE B0013-030 JiF
B B BRFIRR R ) AT A LR S R Y 11.9%
ARSCAEW BE B0013-030 Hil B T 3R FIMR & Wik 2
(frdA =Ry, fEFFBEHIMR & & W PR T 80.8%,
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D-FLR Rt — AT 122%, #HALFRIE T
1&%(%@ T i BEAR T PR B0013-040B 1Y
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*2 BERAMBREMARE D-ZLERIERELILK

MR ik 5.4 g/L, BUN KB IY EERE =), H
AR =Sy AN BRFARR . DA R A 2B S A
Bt R AR AR, R BT OR ARSI R, AN
4A FIEE 3. AN, HRk B0013-040B PR B Bt #i%g
WX FLIR LR 83.0% , FLIR BN AR 4 7 ikt
Rk 4.6 g/(L-h) (REAM BRI = HOR=IR 4
B BERL IR 7 i/ R R AR IR S R R ], 3R 3),
2.5 HE#k CICIM B0013-050B % Bl 4 B D-FLE;
4 R

TE 5 By B A T A e s B, T bk B0013-050B
(U K R 2 3] 1deDE R 588 ISR, 4R
H K& ODgoo (H N 20 ZEA BT, EAEMERRK BT,
B A AR K FE TT AR A4S [Tt A K i T R
SO, R TR ASPY,  BU R AR
FRPITIRAE LB, NI ODg (Hi53] 25.4 BT
NIRRT B o RAR R Y BEFERT 18 h (&
4B), . FH LT B0013-040B,

$ 3t

Table 2 Comparison of E. coli strains for D-lactate production using shake flask fermentation®

Final concentration for indicated agent (g/L)

Strains Lactate yield (g/g, %)°
Lactate Acetate Succinate Formate Pyruvate Ethanol
B0013 9.6 2.6 1.1 1.0 0.2 0.4 51.0
B0013-030 12.7 0.9 1.5 - 0.5 0.3 74.0
B0013-040B 14.2 0.8 0.3 - 0.4 0.3 86.3
B0013-050B 14.2 0.6 0.3 - 0.3 0.3 83.9

*The values were averages of there fermentations;
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el =
= 2
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g 60 2
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3 40 Z
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® Anaerobic lactate yield; — Not detected.
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Lactate concentrationo (g/L)
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t(h)

Fig. 4 Productions of organic compounds during the two-phase lactate fermentation. The figure shows concentrations of lactate (m),
acetate (0), succinate (a), pyruvate (0), and ethanol (). (A) Strain B0013-040B. (B) Strain BO013-050B.
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Table 3 Comparison of D-lactate producing E. coli strains

Organisms

Substrate; process Lactate Yield Fermentation time (h);

Concentration of by-products (g/L)

2. . Reference
(relevant genotype) conditions (/L) (g/g, %) productivity (g/(L'h)) A etate Succinate Formate Pyruvate Ethanol
B0013-040B* (ack-pta,  Glucose; two-stage, b e B .
pps, pfiB, fidA) fod-batch 114 82 34; 4.6 5.4 1.0 0.5 0.8  This study
B0013-050B* (ack-pta, Glucose; two-stage, b e B .
ops. pfIB, frdA, tdeDE) fed-batch 112 79 34,6.2 0.4 0.4 <0.1 0.1  This study
SZ63 (focA, pfIB, fid, 50 g/L glucose; . Not
adhE, ackA) batch 48 98 168; 0.5 0.1 <0.1 <0.1 reported <0.1 11
120 g/L glucose;

TGUI4 (fIB, frdBC, |1 betaine, 118 98 41;2.9 <02 <01 Mot o Not 6
adhE, ackA, mgsA) batch reported reported
ALS974 (aceEF, pfl, Glucose, acetate; b . ¢ _ Not
poxB, pps, frdABCD) two-stage, fed-batch 138 9 39; 6.3 23 reported 1.5 03 !

*The values were obtained using 7-liter bioreactor; ® Anaerobic lactate yield; ¢ Anaerobic lactate productivity; — Not detected.

U B R AR K Y BEA /D 1 LR KR PR 7
A, RREIA U 0.3 g/l #E ARE K REH B
SR PR BRI (K 4B), DRAUA AR ) ey e i 3.
fi . Ca(OH), HA7-7E I 2% I3t LA B A R 1k %) 46 4 W ok 1
RO TS A, TG AR AT A R R B, TR BR
B0013-050B & 8% 25 W I & I V& v 18 A7 7 — o ViR
(AN, FLIR S A 111.9 g/L, REM BerLik
(L AFRA: 7 A 1K 6.2 g/(Lh) (K 3). AEEK T
FIRRLR, (A DR ABRHIR . INEIRR A O I 2R
mF 3, Wi PHAE R B ORI A i, KL
W, Hkk B0013-050B [V 2R 0.4 ¢/L 2R
2.6 A& D-FLERAFHERNE

ZRBORAE T, RIEER T D-FLIR S L-FLRR &
HZWKRT 99.9%.

3 ik

FEPRESRNET . RIHAT ROl IR A A2 b ™ AR 1Y
K it NADH ARE# o i FAZ s HE AT Ak, A i
I T PR R 3 JE R s 7 ) (nFLRR . Sl . BE3IA
R4 ST, SCIE NAD' R 1] 52 ) i - 4 45 48 Ak ik
JEOPAE (N 1) SR, BEAE R BT B oK R
JE A s P 0 7= A D T T A LR AL, IF
REAIS T LI = S AL 2R S, 38 T R Sl fe AR .

PR FE B0013-030 ', 4t O FR VARG (ackd) FIi
TG CWERE (pra) kPRI IR A e 32 B AIK T )= 400
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LA (GR 2); St DI R % H IR LA g 3L 1 (pf1B)
R S B ol T A7 P N T 1R 15 T RE TR (pps) 1 W B3R BEL
W T 5 2L R I S A R PO R R A AR AR (8]
1), AR AL S R R A s AT A ARG, (A
FLER G AR 0, FLRR =& . FE AL RA5 B KR
R (R 2).

KM FF TR IR 82 F T 3R AR 7™ 2B 1 SR 1R
N HIEES EMP B IE SRR IS BN N R,
HE— 20 A S B R (P B e R T TR 2 A
ML ppe JENSAS) . SFRIR . W DR, JHEM
BEHIR . ppe FEDIMBR REAE 52 4> S BRIRFARR 1 5 1,
{H A5 R MR AS B LA A 26 4 hy P — Bt DAL 11 TC L3k 35
Fedk AR TR A IR AL & SRR A R
iz (B 1), A, B, C, DWW, frddBCD
SER Gt AHETE RN T frdA SR R A5 12 i r
TR B A A28 BELWT o 9T 345 14 #& B0013-040B 1938
IR A e SRR T, AN S RERRAE A 5 AR
B B0 B B FATR A R A KR

KIGFE B AAG E N R R S R B v,
B DI R FH R 24 A0 BB AR B L S T -CoA, iME TR 28
IR BRI A A L OB RR , CMREE RO
WE W R 22 R WG A L) (B 1) . BOARTE bR
B0013-040B T LA ackA. pta Fl pfIB FEH 54, H
FUR LW, LIRS ATk 5.4 g/Lo tdeD J
IR 4 5 9 R VB I, WP L SR R TS S
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JHT A5 R IAT T SR EARR N £ R 5 &A% f I Bk %

FH 2 BRI D-FLRRK % 39

tdeD FEFAHAR L[] — 9\ F 1 tdcE FE 5 pfIB 3L IH
FARINY ) it o N — RR 2, [ ELAT TN
i W R 2L B G Ve . TET R KJ091 M BR tdeDE
B HAS BR A R T 509% M, AR SCMBR tdeDE
B, BRI H bk B0013-050B 2R Y &t LU
Fk B0013-040B [#fK T 93.2%. Mk ACK. PTA
WAL, TDC R LR A M) 2R E

RIS 7 AN 7 B LS, AN SR FE R
KT8 ST FRT A R, D20 i A A A 7>
R TAERESFA T, X — PR A AR
o BRI —HLHI I ATE R, BN A LY R REAR
H L BE-CoA & M LBA 42 NADH, i £ BE-CoA
M4 TCA P27 /E 8 1~ NAD(P)H #1 2 > FADH,,
BT A B SR P LA ) — B NAD(P)H FLZR 1
Jr AU TR E A K R e AR K, AR R
1, CRRTEX — B E 4 (WEA#% B0013-040B).
1M & Pk B0013-050B (KB A tdeDE BE K 575 , ANfigid
T R R K FEAR NADPYH A48, A1 40 it 79
NADH/NAD /K- — 2534, A AR Rt 2 1B
THEREFM T, ARKBEI RTINS, BiF
SR BE B ot SR, AR AR S Y b AR T
AR Y AR R AT A R PE R, YR R BB B
AR IR B, 4E N Y NADH/NAD (7K P2
R, DL T (AP s i 4wt o LR
KR NADH/NAD ' (7KF- 1fii NADH (174 54k
FEE A 2 TR0 1, ) 77 T 8 23 DR 1 1) FE M S SR A
NADH =A%, Gt Ie sl R PETR3R . Rtk , Tbk
B0013-050B 7 K % W B (4 2L 2 A= 7 1 5 i e T
B0013-040B ],

53 3 Bl A SRS LU, AR SR Y
A B0013-050B A 485 B F pa 4 A B 1Y
TR AR TR ELA e P A K R, EURI R JEHLER
AR, DAA AR e —BRUR, ANTR IR
R, A BG4 1) D-FLIR , KR
FLRR P s 8w, R W) B RE S R R 7R AR
HAB R AR
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(£ TIRSIR) FWEHSIFER

1. BEFECE 2 AR RERFEREN . Tk SR AR HE). HIY (Purpose):
TEUIVEE S MOCE R A 1, sl AR SCE BB O (R 73k (Methods): H i B WA VRRE 19 £ 2T AR
AR AT . BOPESCERANTT 28, MR E . A 2 i AAR . 252 (Results): AU A
HHMEEER LRI . 458 (Conclusions): WIRILAGHIST, W5 HACMEIHZA, &K XFEETIE
TR IR AT s AN ER L IVERIT ST, R AT A P B AR SCEE RIS 18 B R FH I R A0 195 0 B0 H St

2. LA E . WARIBIRNAER AR ACRIHE REE, JTHEEEL G HE MU Tk,

3. DESCR B ARG B SOOI A N AN SO B, B SCR R S E U
G WGBSR  HLL P TR AL S B A PR [ AR . PN ZOR Ay, RV e R B AT LA F
T K-, A TIOR3

(1) BB — AFR, A = AR shif .

(2) BVUHENES, WhBESRBAEHBRS AR, XA L 2 KA, ROK S .

(3) AW ZRA R, B AR KA AT TR IE S SCS AR A B

(4) LN AT LA, EAIER, AT,

(5) fE R A S8, BRIEZIBLEANE RN (A DNA, ATP 55), siFmS2AE K, mH S
WZRMEEA RV S, JFHAE — U BN 25 4 FK

(6) FESLBHE T, AZMEAMEMDUF AT, Giltra. 5. BE. &7 55.

(7) AIFHYTT K AL e lep AN AR
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