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Overexpression of Corynebacterium glutamicum NAD kinase
Improves L-isoleucine biosynthesis

Xiaojing Huan?, Kun Li'?, Feng Shi'? and Xiaoyuan Wang™?

1 State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu, China
2 Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi 214122,
Jiangsu, China

Abstract: NAD kinase catalyzes the phosphorylation of coenzyme I [NAD(H)] to form coenzyme II [NADP(H)], and
NADPH is an important cofactor in L-isoleucine biosynthesis. In order to improve NADPH supply, ppnK, the gene
encoding NAD kinase in Corynebacterium glutamicum was cloned and separately expressed in an L-isoleucine synthetic
strain, Brevibacterium lactofermentum JHI3-156, by an inducible expression vector pPDXW-8 and a constitutive expression
vector pDXW-9. Compared with the control strain JHI3-156/pDXW-8, NAD kinase activity of the inducible
ppnK-expressing strain JHI3-156/pDXW-8-ppnK was increased by 83.5%. NADP(H)/NAD(H) ratio was also increased by
63.8%. L-isoleucine biosynthesis was improved by 82.9%. Compared with the control strain JHI3-156/pDXW-9, NAD
kinase activity of the constitutive ppnK-expressing strain JHI3-156/pDXW-9-ppnK was increased by 220%. NADP(H)/
NAD(H) ratio and NADPH concentration were increased by 134% and 21.7%, respectively. L-isoleucine biosynthesis was
increased by 41.7%. These results demonstrate that NAD kinase can improve the coenzyme II supply and L-isoleucine

biosynthesis, which would also be useful for biosynthesis of other amino acids.

Keywords: L-isoleucine, NAD kinase, inducible expression, constitutive expression, Brevibacterium lactofermentum

L-52 %R (L-isoleucine, lle) 2 =55 sh¥)
1) 8 Fhhiy @ AR Z —, A A4V A &
H 70 kg BYAE N EE H R 1.4 g L- e 2RAE
Rl EAPRL MR HEAER Tz,
BB KPL FEEN, Tl B R REE
PEAAG B P bR O A AR P LS e R, 77 i As
R A MELL 2 5 EPRTE S, AR PKF IR TN
REWH 7oK

I 3 R TR T Bt A 7 2R 7 TR ) B
REFTRCA & AR, AP AR DL, DT IR
FHEE . RN TREE, LR Em
G N RE AT G, Wk 10 B, BT
A L3 g R A IR AR AR Y SR T 2 A, s ]
D 3 8 A e 0 R R L-S7 2 R 1 5 B

BRI Tl . - 52 &R A BT 75 1) e i
HilG2 NADPH, B2 RARMR B- 1M = b
(ASD). @R M (HD) LB &
(AHAIR) H9%fHE . NADPH & 220 it PN S B 2 1
IR TT, A JEAE A A R R B A AR 1
FH, mtn; NADPH A5 FI T & # B bk 0 A ks
H, s L-Rss @Rt — R
YN NADPH 1Y 3= 250 3R 18 & HMP &
N NAD ¥4, Hh HMP & & F) H A LS5
fiti T (NADP") 1B Ky HL 7 32 44 2B i R A5 Sl il T
(NADPH), NAD g0 b 1 % tEwm i
A i 1T (8 1), HMP & 427674 NADPH )
[, SRR Y, ina#pE" s i NAD
VR ) L Y A ) B, AN TH AR A R IR
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NAD' NAD" kinase NADP-
T\

TCA, EMP | po1y(P)/ATP  Poly(P), /ADP | HMP

NADH ~ 7 NADPH
NADH kinase

1 HHEE | FUEEES [ MM A ROERE
Fig. 1 Biosynthetic pathway of coenzyme [ and II.
Y1, NAD 5 NAD S NADH J8,
NAD WA ATP 2 BB AR [poly(P)I1EN
PERRILAR , 1k NAD R EBERR 1K , A< A NADP';
ifii NADH B0k NAD F1 NADH % /£ # ik
b, 43 NADP'#l NADPH'"?, NAD #{ffL
(4 SN FA B T NADP A )& Bk 72 i e Ji — 2
Je A2 ) An i N HE — — R fE NAD(H) A A
NADP(H) KR T4, Xt NAD #8971
SRR 5¥ R W 26 K 2804 IR N B AEAE NAD %
B, A A B IRE . fE R SR A T
AR BIREA T, AAAE—Fh A ATP F
poly(P) YENBEMRALIK, f#fk NAD FI NADH k&
AR NAD 3%, B poly(P)/ATP-NAD %
fiff (PpnK), fiT Lindner %57F L4 2R A Bl vh
Fik PpnK, 5T BR HA AT L-BiEmp 20,
HErE W HER TR FBORET L-R5
IR A AR5 I, B AR5 R ]
T R A R = ™ 5, L-Sese @RI AE 7
[ERNEAIE - SE-Y BN EE =N &N |
Corynebacterium glutamicum! > 1 7L b %& 1% 4 +T
T4 Brevibacterium lactofermentum!' "} 3= . A 303
iof SEREA F IR AT R Y ppnK JE, IF7E—Fk L-
SRR W ——FUME AT JHI3-156
Fik, BT T e M R AR AN L- s
R AR RIS

.
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1 MBET %

1.1 #8
111 BARRS Bk

A S50 v it FH 380 ) TR R R TR DL 1
112 FEREFHE

LB Hi7ekk: SR 10 /L, BEbkky 5 g/L,
NaCl 10 g/L, pH 7.0, AN A9 EAK: F= 3P IR
20 /L BYEEAERY, THERE, AN 50 mg/L
WER,

LBG ;5. 78 LB 3P %m 50 g/L
WM, TRELRS, W 30 mg/L RAREE XK.

TEAERGFRIE . 1F LB BR3P U 50 /L 4
ZPHEFN 50 o/L 2F R E , AL [ A F5 b s
1S g/L B3Ry, TR, WM 30 mg/L KB
iy g

FhFEs R0k . A 25 g/L, JRE 1.25 g/L,
Tk 20 g/L, KH,PO,1 g/L, MgS0, 0.5 g/L,
pH 7.0, FrZHf, WhN 30 mg/L RIREER.

KEERSRIE . #jAHE 100 g/L, (NH4),S0,
20 g/L, FoK¥ 20 g/L, KH,PO,41 g/L, MgSO,
0.5 g/L Fi1 CaCO520 g/L, pH 6.7, TFZm, %N
30 mg/L RARER . #EAifs S AR AR B A
Wbk, TERBEERG 10 h B0 IPTG (&M N
1 umol/L) S,
12 A%
1.21  FI¥EIEHH ppnK EE R

R 3% NCBI i 3H 19 4 & IR % T
ATCC13032 1 ppnK FE[E (GenBank Accession
No. Cgl601) &it L5 4 ppnK(F) FIT#5 14
ppnK(R), SIMIFFI WL 2. 51404 b i i
AW TR PR F 52 AL
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&1 ALEPETRAERAN R

Table 1 Strains and plasmids used in this study

Strains and plasmids Relevant characteristics Source

Strains
E. coli DHS5a E. coli cloning strain Novagen
DH5a/pDXW-8-ppnK E. coli DH5a carrying pDXW-8-ppnK This study
DHS50/pDXW-9-ppnK E. coli DH5a carrying pDXW-9-ppnK This study
C. glutamicum ATCC 13032 Corynebacterium type strain ATCC
B. lactofermentum JHI3-156 The L-isoleucine synthesis B. lactofermentum strain JALC?
JHI3-156/pDXW-8 B. lactofermentum JHI3-156 carrying pDXW-8 This study
JHI3-156/pDXW-9 B. lactofermentum JHI3-156 carrying pDXW-9 This study
JHI3-156/pDXW-8-ppnK B. lactofermentum JHI3-156 carrying pDXW-8-ppnK This study
JHI3-156/pDXW-9-ppnK B. lactofermentum JHI3-156 carrying pDXW-9-ppnK This study
Plasmids
pDXW-8 Corynebacterium inductive expression vector, Kan", Amp" [17]
pDXW-9 Corynebacterium constitutive expression vector, Kan', Amp" [18]
pDXW-8-ppnK pDXW-8 carrying ppnK gene This study
pDXW-9-ppnK pDXW-9 carrying ppnK gene This study

#: Jinghai Amino Acid Liability Limited Company, Wuxi, China.

R2 FWRMEMA PCR S

Table 2 PCR primers used in this study
Primer name Primer sequence (5'-3") Size (bp)

ppnK(F) CTAGCTAGCAGAAGGAGATATAGGATGACTGCACCCACGAACGCTG 46

ppnK(R) AGAGAAGCTTTCGAATAICCCCGCTGACCTG

31

ppnK(F): the start codon is boxed; nt 1 to 22 of the ppnK gene are underlined; the ribosomal binding site is italicised; the
Nhe I restriction site is indicated in bold; ppnK(R): the stop codon boxed; nt 963 to 948 of the ppnK gene are underlined;
the Hind III restriction site is indicated in bold.

P B IREFT# ATCC13032 A LBG £ 77 3&
£ 37 °C . 200 r/min FiFRid &, Wk 3 mL 4,
FEWOLFE A, LAiZ A4 DNA AR |
ppnK(F) 1 ppnK(R) #7514, iEil PCR ¥ 3
Nhe T -ppnK-Hind TI A B¢,

1.2.2 EAFRAN TREERNIE

4tk )5 B9 PCR =4 Nhe T -ppnK-Hind I f
Nhe [T 1 Hind MUYV, 7050 miE#E 2K
J AT B /BT T S R ik 3k pDXW-8H A
S T e ik AAA pDXW-9US! | I 4k 2 K HAT

cjb@im.ac.cn
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DH5a JB&52 5400, 45 2] FH M 5% fkF DHSo/
pDXW-8-ppnK Fl DH5a/pDXW-9-ppnK., 1%
ST HE2E AR T AR TR A FRA JIINT o

Zx B8 SCHR J7 ¥ [17] 1) 2% 08 & T8 5 FT TR
JHI3-156 J&% 32 75 40 M o K 48 F 1E &% 19 R
pDXW-8. pDXW-9, pDXW-8-ppnK il pDXW-9-
ppnK I FLFE AL ik iE A\ THI3-156 244N,
F LBHIS 3325 i 3% 72 b, PRBUEAL T,
135 ppnK F K TR N2 Rk
1.2.3 EHEHAWEKK R

BUR R H#RE THI3-156 FIE 4] B RRTE TG 1L
M bXIZk, F 30 CHiFE 24 ho Pk—ifaRiGLF
e R BEAERNZE 50 mL A3 (250 mL
HEFE) ., 7 30 C. 200 r/min K53% 18 ho
TIFELHE ODsgr=1.0 AYFERI 12 A 50 mL
KREEEEFRHL(500 mL H#EJEHR), 76 30 °C . 200 r/min
KW 72 he AT T WAL ERE, HAHLEERREER 3
ASPATRE, FTA SR X 2 AR TR F- Y1

KT UR)G, HER 6 h BURE, DU A& IR
DA e J3E R A S A DU R R A, R
1 mL J555%, 12 000 r/min 5.0 5 min 53] & %
W, TR 100 1555, L ARERREREAE 7 1Y)
A= W TR A3 AT AN 2 R 2 A o
1.2.4 NAD BFEREE B &

KEELEHIE, WK, H KNDE 2% i
(1.0 mmol/L K;HPO4-KH,PO4,pH 7.0,0.1 mmol/L
NAD", 0.5 mmol/L DTT, 1 mmol/L EDTA) ¥k
3, A 10 mL KNDE & mi s 240, A
100 uL ¥5 TR B (100 g/L) Ab3RJS , 7E7K/K B A
WWERE 2 h, £ 4 C. 12 000 r/min &.0> 10 min
5, Wk B, RIS BT R Bradford i
TERZIR -5 H E 21 (GeneQuant A FH]) FllE .

http://journals.im.ac.cn/cjben

ATP-NAD 8 il (1 i 0 0 52 5 2 2 HE SCHiR[19],
I T 5 B (B OD3ao 284k Bl TG 12 XK - 7E 30 °C
1 mL AR v, B34 fb 4531 1 pmol NADP”
PIEEEA 1 U, HCESE A U/mg 5 U/g 2R,
1.2.5 NAD(H)F1 NADP(H)#k B (K &

KW 24 W INF, B 1 mL RBEWRE 2 1, B0
i, WERE TWRA QTR G AT -70 Cik
R A T, BURTER, BT UHOKIRE
Y Y& 9 PBS (pH 7.5) WEYE 1 Ik, SRIG S RSC
k7PN 5E 4 RhAT NAD™, NADH, NADP'
NADPH % &t . 4 TEZ LKA XA
Y (g/L DCW) =0.6495x0Ds¢,—2.7925; ZHfAFA
¥4 mg DCW 4 1.6 uL 1755,

1.26 SHERETERNNE

Ll AR, BERR 6 h B 1 mL B3R,
12 000 r/min &5.0> 5 min 152 &8 IR, H 5%
ZHOIRFRE SO 4%, ##E 1 h, 12 000 r/min 2
L 10 min 158 L35, H 0.22 pm JEFEAIESS
KRR 5% RS0 (Agilent 23 F] 1200 series
TREA) A AT AR AT R Y i
{654 . Agilent Eclipse-AAA ¥ . i shAH/K A
(1L): 4.52 g LK LMREA. 200 uL =L, 5 mL
POk . pH 7.2; AMLA (1L): 4.52 ¢ LK
FREN . 400 mL H i, 400 mL ZfE. (i 5/
FEIR 40 °C, Jii% 1.0 mL/min, DAD il 2§,

2 BREMM

2.1 ppnK Fi& Bk FAE vk B9 E

DI AR EFF I ATCC13032 FEPK 4 M
M, #iF PCR §#445%] 1 002 bp ) Nhe I-
ppnK-Hind MK B, 435%E A 9 548 bp 11
pDXW-8 F1 8 351 bp 1) pDXW-9 354k 4 7
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ppNK 3K kL o

pDXW-8 N KT -1 IR AT TR 75 B 28 1R
TR, PRI 1act®™ ¥l i tac f5 30
T rmBTLT2 & 1kFok s hildi ASE I ikt
pDXW-9 J& KM AT B -H R AT T 2H )R 2 42 3R
AR, Z AR tac 5 30 F A1 rrnBT1T2 &0EF
Skl 5 B JE R i Feas ',

PR A B Nhe T -ppnK-Hind T Al ik %;
& pDXW-8 m pDXW-9 FHBR I UIEE Nhe 1
A Hind WA XY, BEOI-Paif/s 1 T4
DNA R, ¥R, 193] DH5o/
pDXW-8-ppnK il DH5a/pDXW-9-ppnK §54kF
PR, 253 Hind T PAFEL) A ppnk LK 514 |
MR, UEBIREEAS5] 10 488 bp Y pDXW-8-ppnK
H19291bp K pDXW-9-ppnK i £H ik,

1 20 JFk: pDXW-8-ppnK Hl pDXW-9-ppnK
L AL L & BE SR AT 1 THI3-156, #5981 THI3-156/
pDXW-8-ppnK Fil JHI3—156/pDXW—9—pan el
¥, $REUTCKR, lid Hind TTAAEFYIFD ppnK &
FSE7RE: ﬁ%@ﬂ%‘éﬂ JHI3-156/pDXW-8-ppnK
H1 THI3-156/pDXW-9-ppnK T4 bk . K52 ik
pDXW-8 Fl pDXW-9 %4k JHI3-156, 15 %
JHI3-156/pDXW-8 Fl JHI3-156/pDXW-9 25 %
[k 8

22 EHHEHERAR

BEAEEY 4 BREZHR JHI3-156/pDXW-8
JHI3-156/pDXW-9 . JHI3-156/pDXW-8-ppnK .
JHI3-156/pDXW-9-ppnK 5 H & B JHI3-156 #E47
PR R, I A& I ok v v AR 1) A R
NAD A5 DA ATP-NAD B R G . 4
By & 1 LA S L-S 58 R ™ 6 e RS TR Y
RIETEREZE S, 3BT R A iU K35 NAD

XS LS50 B R ™ L 1 5200
221 EHAWRHAEKIFER

PR IE 72 h, 25 BRI AE RGO ULIE 2,

B fE ppnK RIXE AL R FAERKIRER

4f, 36 h et AREN], ZIRRIREEHK,
KW JHI3-156 TETCHiA: 2 AE- S0 00 2644 T 35
7%, MK &, 72 h i} ODsq, [HikF] 26.8+1.8,
il pDXW-8 il pDXW-9 755 2 i W] A #5747 1 Tk
ARG, ppnK HYFE SR IA XA A K TEAN R
SN, 72 h B ODsey A 24.9+0.8, s #Afk
JHI3-156/pDXW-8 (18.9+0.3) &% T 31.7%.
pPNK 41 AR SRR R A 9 AR R AT AR VR
72 h i} ODsg, Ay 25.040.5, Fbas 2k Fkk THI3-156/
pDXW-8 (20.4+0.2) $&/& 1 22.5%, ¥ NAD
PG A B T A A K
2.2.2 EAWMKEA NAD BEFEHE

B HARVEFFH) PpnK SE—F0FH ATP Al
poly(P) TENBEMR LA, f{k NAD # NADH (4
it 1) KAEWFRILE i NADP Hl NADPH (% it

—O0—JHI3-156
—O0—pDXW-8
—o— pDXW-9
—&8— pDXW-8-ppnK
—— pDXW-9-ppnK

0 10 20 30 40 50 60 70 80
2 (h)

2 FEABEMEERABE KM%
Fig. 2 Cell growth of five Brevibacterium lactofermentum
strains.
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1) By NAD B, 25 BBk A EE 72 h J5 40 s
W 3 T ATP-NAD WG IS AN 3 s o T
EATI ATP-NADH P HH MR .

8 R TR TP 45 2008 Th ATP-NAD i 1
BRI 1A, TWiAE ppnK FEIKE T, BEHE R
i, Horf ppnK 4R SRR Y ATP-NAD
fiti 3% (7.67£0.65 Ulg) b pDXW-9 =5 #k W
(2.40+0.23 U/g) 2T 2.20 f5, ppnK i FH %
KBTS (4.33+0.74 U/g) . pDXW-8 253
(2.36+0.72 U/g) #£5 T 83.5%, Uil ppnK F:[H
R IRE R T AN NAD B 77
223 HARWKEAWESE

H1 T 6~36 h 2 RARRY P A4 K0 (18 2), 1
JHI3-156/pDXW-8-ppnK 7£ &% 10 h #1715 5%

x3 IEABETEAE 24 hFNARANEES S
Table 3
lactofermentum strains after fermentation for 24 h

B, TREAGI T &R 24 h & HRMINE) 4
TG i, SR 3,

10
e
2 8F
: T
g 6t
i
Xl
Z
- ClEE [
<
0 L 1 1 1 1 L 1 1 L 1 1 1
L& & &
$ 3 33 N R
o &
3 D PG
&
] ]
Strains
3 AEEKAMMAE ATP-NAD #EEE I+
Fig. 3 ATP-NAD" kinase activities of five

Brevibacterium lactofermentum strains.

Intracellular NAD*, NADH, NADP*, and NADPH concentrations of five Brevibacterium

JHI3-156/pDXW-  JHI3-156/pDXW-

Concentration (mmol/L)  JHI3-156  JHI3-156/pDXW-8 JHI3-156/pDXW-9 8-ppnK 9-ppnK
NAD' 0.555+0.023 0.313+0.026 0.331+0.024 0.250+0.030 0.247+0.031
NADH 0.129+0.005 0.030+0.006 0.089+0.007 0.045+0.011 0.037+0.013
NADP* 0.094+0.003 0.068+0.005 0.083+0.004 0.123+0.005 0.156:+0.004
NADPH 0.068+0.003 0.071+0.006 0.069+0.005 0.073+0.006 0.084+0.005
NADP(H)/NAD(H) 0.237 0.406 0.361 0.665 0.845

M 3 aln. &8 24 h, ppnK iFSRILHE
(40 N NADP ¥k B [ pDXW-8 25 2 5
80.9 % , W I (NADP'+NADPH) 5 4 i |
(NAD+NADH) HJ il bb%s 25 = 63.8%, Lhi
KT JHI3-156 15 1.80 1% ; ppnK ZH A R IA TR 1Y
A0 N NADP 9 B L pDXW-9 25 25 14 125 88.0% ,
NADPH ¥ B b2 80A 5 21.7% , % 11 55
B T B LB b 2S 20 & 1.34 £%, H THI3-156 &

http://journals.im.ac.cn/cjben

2.56 1%, VEHITE R BE 24 h f, FLHE T ppnK JE
PR 3 e e TR F NAD S8BT (9 32 (2 T i
PG IS R, ppnK HED] B ZH R 20
A F TSN NADP 5 NADPH L)
224 BHAWABENEERSE

T Ja AR T K Pk it e A R R R
BRI 0 % TR R R AR L- SR | R S i AR b
(E 4).



B 42

A 120 —O0— JHI3-156
- —O0— pDXW-8
< 100 —o— pDXW-9
Im; %0 —m— pDXW-8-ppnK
§ —&— pDXW-9-ppnK
60 t
S
T 40t
Q
~
20 1
0 10 20 30 40 50 60 70 80

¢ (h)

E4 FEABREFEEMAEIEMLE

- —o— JHI3-156
—0— pDXW-8
3.5 r —— pDXW-9
—a— pDXW-8-ppnK
- —&— pDXW-9-ppnK g

2.8

2.1 ¢

14

L-isoleucine (g/L)

0.7 r

Fig.4 Process curves of five Brevibacterium lactofermentum strains. (A) Concentration of glucose. (B) Concentration

of L-isoleucine.

M 4 RRTLIE 5 RS EIE AR A
MR SA S0, ERET RN 12~48 h Pk
THFERAIE; S AR RRA -5 B AL Bt A )
AR 225 FE R BE 12 h BT B AR >
B L-F5e &R, 78 18 h g, WG SHI0i5E
FRIKEN L- 5o &R 6 B T T HAD
Wbk, 7E24 h 5/ I E U RN, Wi7E 36 h
Je R B R TR T IR AR LR -5
SRR, TELTE T2h )5, ppnK B RIKEM L-
SR AR E (3.86+0.12 g/L) . pDXW-8 25 %
W (2.1120.21 g/L) #2551 82.9%, 1M ppnK ZH g,
RIRINTA M) L-Roe AR it (2.99+0.18 g/L) L
pDXW-9 Z8#3# (2.11£0.23 g/L) 5T 41.7%,
HAHIHE R B THI3-156 (2.08+0.20 g/L) 4255
T 85.6% 1 43.8% , UtWliE T FRIA ppnK Pk
R E N NADPHI NADPH (LA # T L-5+
SRR . S WA L WM, ppnK
FIRT RS (R B E e, JLHOE ppnK
HREIRE (0.0719 g/g) KT (0.0377 g/g)

M2 (0.0370 glg) AR E T 90.7% F
94.3%, T ppnK A ERIAR (0.0534 g/g) i
KM (0.0358 g/g) MHlHEE T 41.6%
H149.2% . ppnK Tk N AR H (R R
M=/ T &) A8 —ERENES.
ppnK i S FRIKH N 0.289 glg, HMFEE N
0.222 g/g, #BHEH A& THI3-156 (0.142 g/g) A T
MR 4 &, B 5 X0 A 2 # JHI3-156/
pDXW-8 (0.223 g/g) il JHI3-156/pDXW-9
(0.201 g/g) ML, RFEIRESHIFER 29.6%
10.4% , %578 A4 K HRBEA L

3 &%

KA T 2 ANEUA TR pDXW-8-ppnK
F pDXW-9-ppnK LA K 4 #k 541 FLAH & B+ 4
JHI3-156/pDXW-8, JHI3-156/pDXW-9, JHI3-156/
pDXW-8-ppnK Fl JHI3-156/pDXW-9-ppnK., Fi
TR, EAR 2 bRas 4008 I A K S R TR ATR
H 2 Bk ppnK 5 A 22 4 B 19 A2 ROIRES R4
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I 558 [ /s 17 1.34 %5, &4 L-55%
RIRT S T 41.7% . 2 MRE A 1572 &R
FREE RIS AR T R AR

IXSEZE LRI, i i F A E MR I NAD
WG, RERSIR A AN M N B R L S R,
L-S5e @RI A R 30 78 2 i) /i I
WHesh -2 PR, TRtk T T 6 far 2 A4 Xt
AR AR, 5 ppnK 15 S REH L,
HAR ppnK Y4 R SRR A B TR T A
B, ABXT L-5¢ 58 2R i i e #E VR FH A0S Qi wip
L, —HBA R R AT REAE T A MR SRR 9 2 R 3R
Xof 4 A e, B R PR AEAS [ AR
B A 1T A AR R AN IR Y, T4 1T 5
G 10 LR & SRR AR S, 2H R TR SR
KT 7 A A S I TR A S B S P e
ST, R T AR AR ]

T A B 5 1IE B 76 200 i PR A K 3] — 7 e
JE PR I8 NAD g, A BT A e 1
WM L- Rt @R G B m A, A Tiis 3]
TP AR AL R O BAE L- R R
B, ESRAHEG T B B R T a it e, (Hd
o7 A Al 1 3 A ot Bl il 1 2R 3 B 1 SR T
K, TR NAD ARG IA Y580 B FIRB 1By
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