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Cloning and expression analysis of glucose-6-phosphate dehydrogenase

gene and alternative splicing variant in Volvariella volvacea
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Abstract: Glucose-6-phosphate dehydrogenase as rate-limiting enzyme in pentose phosphate pathway plays an important role
in the production of NADPH being necessary to vital activities of cell. In this study, two transcripts of glucose-6-phosphate
dehydrogenase encoding gene were cloned, and their expression levels were determined in homokaryon and heterokaryon
strains of Volvariella volvacea, respectively. The results showed that gDNA sequence of g6pdh spanning 1 954bp contains seven

introns, the fifth of them exists intron retention. Therefore, gene g6pdh can produce two transcripts: one in which all introns
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were removed (g6pdhID), encoding 515aa glucose-6-phosphate dehydrogenase with integral conserved domain; another is

alternative splicing variant with the fifth intron retention (g6pdhiR), encoding 316aa presumptive protein without integral

domain. The results of quantitative PCR showed that the expression levels of gépdhIR were extremely low in both homokaryon

and heterokaryon strains, suggesting that gépdh/D was the main transcript of gépdh gene. The expression level of gbpdh gene in

rapid-growing heterokaryon strain was much higher than that in both of two slow-growing homokaryon strains. It is suggested

that activity of glycometabolism may be involved in the growth and development of mushroom.

Key words: edible fungi, pentose phosphate pathway, gene clone, quantitative PCR

TR R 1842 (pentose phosphate pathway,
PPP) & bl I fiff 2 &M (K 70 A 1) B Bk A
HEBMATThRE &7 NADPH, 1ENIEJR 1L
PRV E ORI o eAh, OB R 1842 1) Hh (8] 7= 4
9 AR R A 2 B JEURE, anmT SRz IR AR Y
TR %k (Kruger & Schaewen 2003), iX£6J5E k25
A AR B T TR R T I R P 6 B . ) ) B -6- R TR
it & B ( glucose-6-phophate dehydrogenase ,
G6PDH, EC.1.1.1.49) FI 6T R 7 % b iR Fid &L I

( 6-phosphogluconate dehydrogenase, 6PGDH,
EC.1.1.1.44) J&XHEWERRIE R I N . B
(Hou et al. 2007). b, 7% KE-6-BER Il = M
EAC BB BRI AT I 28 — 2D N, B - PR A
EIPEEA N 6-BERR A A M N R, [FIILJE NADP
N NADPH, XD NANTHE, &R B IR
R PR IE /2 v (Salati & Amir-Ahmady 2001).

A BT R, BRI 5 IR A K
KB NS0 38 55 D) A % (Esposito et al.
2003; Hou et al. 2007). GfEIL% (2014) KL H
RAE- Pleurotus nebrodensis 15 5 #I G . 12
TR DL S S AR A KA I, 4 28] B -6- 15k I i L g
P E P 2 B T . (R WA BE 4% Agaricus
bisporus ¥ SEARIITE BAHTIA, < 306 %) B -6- 12 I
AW RIS E W H IR ZEEMN (Minamide &
Hammond 1985) . A 5% Fl B 4E  Volvariella
volvacea (Bull.) Singer +& & [F 74 77 B 2 1) #8155 & H
(R REE 2010), SRTAESLREARE H R0, 4)
B B B AR 2 B KO RS, R AN AR

% P [F) A% A% A R O R T B A A I 5 R LT DA K 2
() AR B 22 A KT AR R . A% AR LE AR
AR K HE RS DA B S A AR T DL 2 (X P AR 35, A 88
SRR IR BT TR DL, R A A
BAEEES SRR SRR EEER pfk 1
TG AR H ) 2 98 R LG A L A R AZ AR 2
WRIEMZ M (RS 2011, 2012, 2013).
MR& 25 (2014) WA 70k BUREAR ) o) — > H 22
BARIRPERE IR AT T, Bus 6-Tol R ) MR I A
B R (6pgdh) 1A K P 5 B 1) 53 A% Rk 1 22
Eb T B2 A [F) A% A 1 22 vp 3Rk B B2 W6 35 T vy o 1
AN A E AR T RE B R A AR 1) Ty — A PR o i
EPE-6-WE R I A B ) gm i L R, DLHIE— DR
TR AR SRR R R

1 MH 5%
1.1 BEHRIEREKEN

EE P A R AR B AR PYd21 (ACCC52632).
PYd15 (ACCC52631) LL K% i Bl 5 % i) = 4%
AR H1521 (ACCC52633), I R¥ET & &
R SR B RO S R G, JR R R B2 E PDA
BRI A 20°C R ORTE BF 3 AN TR AR EE PR T4 PDA
Rrgedhe, 33°C. 120r/min # T~ , $EMES % 5d,
W B B 22 AL BRAEE AT, HT RNA $2HL.
[F AP B B R, B3 AN B R AE [F) /N e phoge,
A B2 ATl PDA L, JFF 33°C T3 B 1557 4d
JEHUH, MRS SAKEE . a6 n,
KAFEH LR (Chen et al. 2004) BEATHEE, I
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SRHAEFIE R K.
1.2 BEEPREBREENERIBRREE

M4 #1% PYd21 (GenBank: PRINA171553) 4
BT H, 7F KEGG HHf i H1 11T KEGG pathway
TR, ARG R B R R AR R 2 5 1
Mt - BT X6 I ) 366 DR (] s Stof 3 1% A % 38 ) 22 [
1T Blast HEATIRUE A4 E .
1.3 2 RNA $ZEUA0 cDNA & 5%

g T 224 5. RNA SR RNAprep Pure Plant
Kit CRAR, FED #EATHREL. {4 RNA LA PCRKIT
Verl.l (TaKaRa, HA) & 4K cDNA 54t
17 A 7 B . i F PrimeScript RT reagent Kit

(TaKaRa, HZA) &/l cDNA #E47 5 7 PCR il 56 .

TR0 7 4% B AR & U kAT .
1.4 g6pdh EFE ¥ R AR 72 pEN FF

HRYE B aE PYd21 i R 4 Fp 3 8 1 1 L W Tl PR
R R PP IFE R g6pdh XiF B FF 51 I T €DS, 7
HAER AN E 1) E RS K —NBOREAT 514
Weit, 2 BIFEHE 224K PYd21. PYd15 HTilE g6pdh
BRI 3 5 A o 51 FF 511N : F: 5’-TCCTCATCCTCTCA
TCTCAACAAT-3’; R: 5’-AAACCCCACAAGTCGCTTATAG-3' .
PCR A7 N : 94°C FiAZE Smin, 94°CAZME 30s.
57°CiB-K 30s. 72°CHEff 120s, 35 MEH, 72°C
ZEAH 10min ¥ PCR =4 I 44k 5 , 34 pMD18-T
BARFEAL B K AT I DHSa 1 o PREEA o B AT 1
¥% PCR, JEMH IR HCE # A B AR K/ v BL )4 5
SR AT T .
1.5 g6pdh EFRIEEBNEMERFE M

AT VER K ExPASY 2 Chttp://www.
expasy.ch/tools/protparam.html) #4740 47 & A
V41 B s A7 T R B PSORT #2 /7 Chttp://psort.
hgc.jp/form.htmD) 7347 s BERRALAL 2 900K A NetPhos
2.0 F2F (http://www.cbs.dtu.dk/services/NetPhos/)
BT R NE R 21 MR EFEE T 7
NH Corder) 19 NMIFFNIFEE B 1K) 2 ANWIFH A
2 -6 TR I S M IR 2 SR T 4R MEGAS #1444

http://journals-myco.im.ac.cn

. B RAEAKPIA (maximum likelihood,
ML) 5, HEFIAFAEIE (Poisson Correction) 17 ;
Bootstrap 15 %6 {E A 1 000,
1.6 g6pdh EE R EIEEFRAHIK I EE PCR
TRAE g6pdh HEPH v B A 2 AN AS [F] B e A
(g6pdhID F1 g6pdhIR) 73 Hl AL 11 7€ & PCR 15| 4):

g6pdhIDF :  5’-GTCAACAGAATCATCGTCGAA-3 ;
g6pdhIDR : 5-TCTCATCTTCCGTCCAGTATTG-3' .
g6pdhiRF : 5’-CAAGGCTAGATTAATACCACTCC-3' ;
g6pdhiRR: 5'-GTTCATTACGAGCGATGTCTT-3'. & &

PCR K H] gapdh 2 HENANZ (Tao et al. 2014),
AR H CPX96 SEIF E & PCRAX (fA'K, EED,
At Fi& 77 SsoAdvanced SYBR Green Supermix ({H
R, EED, RMNAKZRAN: 0.7uL 514 (10mmol/L),
10uL Supermix, 1.0uL 4% cDNA, Jil ddH,0 % 20uL.
SER PCR I IFEFE : 95°CTiZE M 3min, 95°C7AF
P 5s, 57°CIEKINZE(H 30s, 40 MG, il
R R IRIE N 65-95C . X Rk Bt H K
PRSP (S8
1.7 RIKIESHT gbpdh EEFTEE

By Ul b3 ANER R 24K E I (GEo
database: GSM1055162, GSM1055163, GSM1055164)
HI R GG P FR %% (Tag) 12 Zoom #Kff (Zhang et
al. 2010) EfF] g6pdh F[H (g6pdhiD) 31 L,
Fgih IR B HE— @A fE gépdh FIIARZEEL,
SRR YR RIS EARHE AL TPM(transcripts per
million clean tags)=ME— & {7 7E g6pdh A - [HIIE
[ Clean Tag #{x1 000 000/iZAf A . Clean Tag
B, HAThRAEWALIE, 5193 gépdh FERITE 3
ANHEHH I RIERE (Tao et al. 2013).

2 R 5047
2.1 BEEEKERERIRREZ

MRIE B 75 PYd21 JE DR 2H 5 1) 1) 0 24 A FE AT
1E KEGG ¥ FE vp BEAT RS, 1520 F 15 v JOVE I R
BAEXT R AL EER (B 1). NADPH [543 %
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Fig. 1 Annotation of pentose phosphate pathway in Volvariella volv

rate-limiting enzymes were indicated by asterisk and the gene inves

RAAE AT B 28— B RIS =20, T A i 25 1) fE
A4 i3 58] % -6- T R i B (G6PDH) il 6- 1 i i
2 WER I SN (6PGDH) #I0 A2 LM ol 12 34 1% Fry IR 3
it o 6-T% 195 ] 26) W 220 1ok 3K 7 AN T 38 g i A R A
B S-BERAZEA R, P20t 22 1) S A I T AR R
W -5-TE IR o 5-T TR A B A2 A% IR R AZ 7 IR 1) 2H B ok
g5, VRS ZETR G R R T AE ARG B
1% B B - 5- 16l TR 1 22 Fof et ) IS Tl 0 2 itk I 169 1140 4 FH
SOA] AR R S W -6~ R R H Y I -3- R, R B gk
NVERE R R B AT . o, A & b -6 R
MG R R A D 6 A0 1) OBl , T AE BT R
X SE A 1D g5 A GMESS30_g (B 1),
2.2 g6pdh FE gDNA HYLEIEFN cDNA 5]
MRYE B AE PYd21 FE R4 &1 93 R A0 [ R L
X, FRATIE R LE g6pdh FEF K 1 954bp ] gDNA

S WRAEETZIERI D 5, B SRRCHIREN, BRI AT TR,

acea. ID numbers of the genes were indicated in bracket; two

tigated in this paper was indicated by bold.

FF % Fr Wt (GenBank: KF975669). i id i A #% 14
PYd15 I 7 F 2H 14T Blast, 4k g6pdh K:[RI7E
PYd15 1) gDNA ¥4 5 pyd21 H )5 A0 IR, i
B Z L R S AZ AR H1521 FRIF P L 4650, ok
JEF P RAS [F) % B L DR 7 ) R — . 4 Sl A [
Ak PYd15 Fl PYd21 Hf, X B % g6pdh JE A 4 K
ORF #EAT 7u g, Hirdh pvd21 kBN 6 ANPH 1 2 e [
W, PYd15 HBREL 5 ANBH B S B 5 o T 25
BRI PYd21 Al PYd15 FRAFAE 2 FliEsA, BAT]
(7 I BEAH 25 54bp. B IHE AR P B BN
1 602bp (g6pdhiR, GenBank: KP747452); %
[ 8% s A7 51K B )y 1 548bp (g6pdhiID, GenBank:
KP747451). iBit¥ gepdh EEH ) gDNA 515 |
R v AT B R AN B S AIHEAT EE T, 45 B2 R R
HR g (E 2.
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I I b 25 J Rl s BEEE g6pdhID

H 8 NMHMET, 7 AMAET, il 515 NEER
(GenBank: AHL26985) ., il i /F NCBI H b Xt A& B,
iy g6pdhID TN m b (1) & H it (G6PDHID) J741
L5 L Ath 4 ol 110 7 5 W -6- T TR D A K R A M AR
U, HEA PR A 50 1 % -6- 1 IR T I R <
SERIE: N Ui ) NAD &5 & 85 M3 AN ¢ i 25 6 4 (]
3). M4 gépdhlR R EH 7 MMET, 6 MAE
¥, 5 g6pdhiD ML, 7E g6pdhiD FEHHIZE 5 M~
AL R FFEREAT T R W S @i kAT
ORF T, I g6pdhiR FIFT I & SLHELE g6pdh FE
KI5 5 AN & T R AT 2 28 1 E 25, PR AN
i 361 MNEFEM . T gD R R
(GEPDHIR) JF 51) Lt HAth 4 it 1) 8] 225 4 - 6- i 1 ot
MK R, H R — AN 56 % 1Y) 4 %0 B -6- T 1R I
2B N Ui ¥ NAD 455 Sh i3, C iy 1) 45 A 3 ) 2
INANTERE (] 3). =25 TR 7R : G6PDHID
(1) = 4k 25 K BR300 BRI 7 o0 X ek 2 ks T

G6PDHIR U [t GEPDHID 2k 1 — K X3k (& 3).
IR, g6pdhiD & % 4] % b -6- T IR It S0 1) 1E
B, T g6pdhiR Ty e 1 4] %) B -6- 1 I . S ity
IR AR YA, 7228 5 DM FALE K AN E IR
B AR BT 5 X, gmbs A e R R B o, HEN AT
e TG LA AR B 42
2.3 g6pdhiD EERBEBRNEMNERZ S
L AEYE B b, g6pdhiD FERZmi% I H H
Jii (G6PDHID) 4rFi#°K 58kDa, “&HiriHN 6.63,
AT WA &I, ZEAER T4+
B R R I — S MR R, 5 BB RR AR NS
Y1 PR R AT AR R o CEBRECHE TR, 1% EE
Tff S/ 6 A - 6- TR UG, EC 45 1.1.1.49. H
T8 5 IR TR A A8 5o 1 4 3 IR P e 3 e MU B
15 B B RE 7 T A B ZEAE ), TN S 7R 4 G6PDHID
TEAEZA BRI A, BFE: 25 (Ser) fixi 13
A, BHERER (The) A9 4, BREER (Tyr) 79
A, BT ERAEERTT (Bl 4.
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Fig. 2 Structure diagram of Volvariella volvacea g6pdh gene model.
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Fig. 3 Protein prediction and conserved domain analysis of two transcripts of gépdh gene.
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£ %l Serine Al % M Tyrosine Agaricus bisporus  J&5 A B K 75 YL < Coprinopsis
#1. % i Threonine [#{iT Threshold

1 ) cinerea AR B X% 5 Laccaria bicolor SE1E—
| S, T B g OO s A K 25 DR < = 3 I AR A i s
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Fig. 4 Prediction of phosphorylation sites of Volvariella g6pdhiRF, JE 5 PCR 45 AR gépdhiR A
volvacea G6PDHID. Fik . 1€ g6pdhiR Fl g6pdhID 555 A1) FeAh i

T X W59 (g6pdhIDF 1 g6pdhIDR) [F) % & PCR

RGAREMEREN (B 5): HE#EEHE SEREMANERAREEZM, WE@m

-6- 12 IR it S g 6 DRk AN LU B PR S, 1R 2 25 g6pdhIRF A1 g6pdhIRR 514 E & PCR &S )5, T
FFHIRRRGE R EWMH (order) RN N g6pdhiD # FARMHESLRILE . F G H
A —F. Hifh G6PDH Frl 5 H i X EE 7S g6pdhiR A1 gbpdhID {E 5 1 [F A% AR 5 A% 4K 3 T

Hebelomp cytindrosporum {(KIMAG170)

3 Hypholoma sublateritium (K1A30260)
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100 — lgccoria bicotor (EDR12421)
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57 L—————— &Vofvorielia volvacen (AHLZG985)

E fdonidiophthora rorerf [ESKD6019)
a4 Pleurotus ostregtus (KDO28957)

Schizophyfium commune {(EFI01552)
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Fig. 5 Phylogenetic tree of GEPDH protein (GenBank accessions numbers of GEGPDH were indicated in bracket).
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ek )Rk, S5 REY]: g6pdhID 1 3 B PR

HEREENZERRIE, HERZMA H1521 R

ik B, £ R AR PYdLs TG, 18 Rl 44 Pyd21

H A T g6pdhIR IR EAE 3 MR R AR AL T

EFARKI AR, IF HAE 3 MRk h E R A R EE R
(& 6.

40r
s JlghpdhiD W gbpdhiR
3 5t
@ 30
o =
D25t
= &
F 220t
B
= g LoT
o =
T 10
w
2 05| T
0 mim ] i -
PYd15 P2l H1521

1) 4 0 e b 5 121 2
Homaokaryon and heterakaryon strains
6 WHEE PCR N gbpdhiD FN gbpdhiR 48 FARTEELE
E#iAx 5 REEEKRDRIZE
Fig. 6 Relative expression levels of two transcripts of
Volvariella volvacea g6pdh gene in homokaryon and

heterokaryon strains by Q-PCR.

FiAh, ARPE LR 3 /N R B 2 AR (0 Bk R Rk
MERE A TPM B R gepdh FE
(g6pdhID Fil g6pdhiR 256 RIA &) 184 [F A% A4
H5REA 3 MERTEREE (B 7). KK
RRI: FgE gepdh HE[K (gépdh HERKIEXEN
g6pdhID Fl g6pdhIR LT Z ) TE 7%k H1521
HH 1) e 0 R AN 3zt 7 v T P A IR A% A 1 R 1A AT
—A, WE T AR RERRE R, x5%
J6 52 2 PCR IS 45 SR — 2.
2.5 BEEERZES RIZEEKRNEKER
SbAh, X B DL A% S A AR 3 AN AR AR
SFAR PDA 53R I TS 5 AR KAG SLEE T
22, RN TR H1521 BB 2 KO R etk
(& 8B), [Fl#% 44 PYd15 W12 (] 8A), [ A% 14 PYd21
1% (B 8C) . [FIIT 75 ARE 50 3 (R b RS 9%,
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Fig. 7 Expression levels of Volvariella volvacea g6pdh gene in
homokaryon and heterokaryon strains by digital gene

expression profile (DGE).

gE BB IR AR H1521 PR 22 AR K A
KIHE, PTLL %R (B 8ED; 1M [RIZ 4 PYd15 B £
FEAS R IS A ALK Aredias (& 8D); [AA% ik
PYd21 W22 JLFAK . ARt (& 8F). =& 7
PDA 5B E R EAEKIE LI g6pdh %
PRI ) 2 ik AR A R 35 AH A
3 Wi

HIAA mRNA )R] AR BT 4 02 A% L DR o =
BRI T3S, @ X AR B S A IR
ZERECOR BT, TS — AN JE R A 2 A BCEAGR)
mRNA, ZE T = A S/ A D ReAS [F B E 5, 3500
EHERZHEME, Z5ARNAEYERE (Aaronson
& Meshorer 2013; Moore et al. 2010). 7EX} H 1
g6pdh k& DRGSR 1) B [ Hh A 318 R PR AN SRR
g6pdhID (W& TAHBEIY)) Fl g6pdhiR (5 5 /™
WE TR, HAER L A [RIAZ A b [R] s 40 w [
BB GE g6pdh FE PR BIX AN [F] 0] A2 BT R4
Btz 51, g6pdh He DA A 78 H A AT R ) A8 B 42
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PYd15 H1521

PYd21

El 8 EFEEIXASRZEEKRE TR PDAEFE (A B, O FMFEERERS (D, E. F) HEKFER

Fig. 8 Volvariella volvacea homokaryon and heterokaryon strains grown on both PDA medium (A, B, C) and straw substrate

(D, E, F).

T, B 0 7E ARG 1R P A 5 2 Bk R 38
Rl 2 . 2 5 108 R & 428 (10 AN B i A7 5 ] AR
BYFEI GAT FL A A= P b AT 450 - 7R PR R R I
%) W -6- Tl R Mot S5 A7 AE & T OR B 119 T AR B 4
i, A E BN T AR A4+ (Hirono
& Beutler 1988, 1989). Y4k, 7 & Ek@
Candida albicans ",/ B 6-7k ik 76 7 W 1 o & By
FELE /NN [ (1 0] A BYEAA, AT 193 ) 8 AL AE AN [F]
FIE 4T 2% 1 (Strijbis et al. 2012). ‘E AR g 51
W RE R AR P AREHE A 0% . AT ELEE g6pdh
FERIH A AT AR BT 34K . g6pdhiD F] LAZw AL 76 1)
T AR, T g6pdhiR WHTEL 5 NN & T HIRATZ L
BIE, SEEHEAR C WA, [H
I 7€ & PCR 1% P & 71/ B I ] A8 BY 8244 g6pdhiR
W5, € sas B E IR g6pdhiR 15 545 [F 1% A4
5 R4k 3 AN Bk R EE Rk HAEA S (HRIL
BB, HULHER, gépdhiR 7] HEAN Gt 2K
5 B8 2 5 1 ] 25 R -6- 3 TR . S T 1k XD

M AT REE T XA mRNA BRI, &

A MRV 2 FE PR I T i mRNA J5i & M 2 AL
DAS IR EE R Al s, R B XA 31 mRNA
B f st 2l o O S A R T & BT R
mRNA SR FLREAT B A, A 0 S A R 1 AR
R, 1E B AR S R 20k (1) M 4 7 T 3 i B S A £
(Modrek & Lee 2002). Z T iX#h g6pdhIR iR A%
BY 4252 21 B 42 LB DL A B S T Ae] R i 448 B 1
O ) b -e- IR I A R R O B R IA B, B
Bt — DA

5 gopdh JERITE RIZAR S FA% ik 3 AN Bk
H R A B4 il B & PCR RN 1 I 5 7 b
ARV T IER I, &5 SR 35 B oRAE A% AR TR ik A ) R
REEEE TN FRZEREET & HRRIEE,
PLE A FAAZ R RIE B2 fl. BT g6pdh FEKH
AR BIHAK g6pdhIR 1E 3 /N T PR R IA R A AR —
HH AR, Fl, A gnh 50 B 45/ I 1
g6pdhID % 55 A (1) 3 1 B m] L Je il H 7] 49 1 -6- 1
T8 i Sl ik DR () R BB Lo T b, 21X B 4 [
WERR AT 1) 55 — AN CHE G 616l I8 i 26) W TR I &

[CEUE
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LR C6pgdh) HIWHTT, [RIFER7R 6pgdh H: 1
B AR B AR TP I R 0A Bl I A R A%
R (BREZEEE 2014) . bR LHE Wy 55 25 13O0 i 1R i
A28 B AU P 7 S A A e Tt KT X6 8 ) R A
[FIRZ AR o 0 5 6 B P e O T 8 B A5 HH T SR ALL I &5
R BLgE Rz AR BORE R 2 5 B DN ) R A B
A2 T A ARz AR CRIBA R S5 2011, 2012, 2013).
R T fff R 30 8 T2 3 A% 4 2 A2 W WL A v 4 26 i 1
AR £ kAT, BEREMEONE arE SR e E
ATP, T [ 58 R 0 440 W) 32 2 9 AR W) G it i
77 NADPH (Esposito et al. 2003) . 5L 1% S A% A4 1) b
SRR TS I, i S T e PR R AR AR,
Ut BA A AR LG R AZ AR S I B L, A= amid 3l B
IR o 3K — rd 9 D S e A R[] A A 7T 22 ) T
ISR EE FARIH R (K 8).

TR Tl R 3 4 ) DX Bk T ] 260 % - 6- Tl 1R T L g
DA A P A S5 WA I 2 ) oAt LA G Bl , 7E B
HEREMNAEKM KGR s =EEEH . BEL
£ (2014) Fon il 214 2 K -6- I EUBE A 6- Tl IR H
W R . S Bk il v 72 1 R N H- Pleurotus nebrodensis
JE B IR ZE IR DA BT SRR AR B 3 i
{8 . £S5 Agaricus bisporus W, RISk
TV 1 A7) 394 6 260 W -6- gk TRl S g 114) 2k B s Tk
Wi (Minamide & Hammond 1985). %4 04T,
£ FH FUTR AE HH AR AR TC T TR i A% A B b R i A
KRB BA LR, FERERE LA R
BT, XL A T AU, CLTE E A
BB R 4 12 R BRIt K ATP FIIEJE 77 NADPH, LA
Je B B TRL =) o 2 75 AT PR v M 1 ek 55 25 5
HRESEHRER T LRNER S KE, &7 F—
A2 110 5 R Bl 2 B 1) S5 o
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