%\ é % % ié. %\ Nov. 20, 2017, 44(11): 2530—2538

Microbiology China http://journals.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.170080

A S RBUERART & NADH SR iAW F S EHE1E
HEE= BRI

g 2WEY &Y ENY TEXY BEY
(1. RERFE T2 HEMRGAY) TRESLRE KE 300072)
2. Kb A TEMR R .G RHEE 300072)

f ZE. [84)] AR CERA RIRAZ L A NADH 84bBE & kst T 5 REARAT H & & L1848 8
#or. [ 5k ESRBABRATE CGF2 ¥ F R KA alsSD BT ME CABIAA = Ak CGT1, #
AR TR A IR cat F= pgo 3T TABIRG Frh. KRB IS H 69 NADH 84bBe, ML
HIBRBSEM TR T =26 %m, [4R] CGT1 AEMAB Y TRRER 627 gL 015
I8, BLR cat 12 TABIR = R F R 5 30.94%, A 3F| 821 g/L; MEKMR cat F= pgo KA i#t—F R
B E, BIARKBEEFKTE, LB T EEE] 10.06 g/L. £ HEEAKF T il NADH
FAEE SR B HRG A KA RISHE 2R 5, (2180 = SR k. EoRAMLREd, T4
Bk L1487 F 15 5] 40.51 g/L, FF A 0.51 g/(Lh). [ E5RBEAEATE F FLB LA K
A2 cat FEMH IR F LIBIR 7 F, NADH BALEEE 5in 80K -F T R E KA F CABE 4 & K.
FRA—FRTREATAHEAKR,
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Effects of inactivation of acetate synthetic pathway genes and
overexpression of NADH oxidase on acetoin production in
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Abstract: [Objective] We researched the effects of inactivation of acetate synthetic pathway and
expression of NADH oxidase on acetoin production in Corynebacterium glutamicum. [Methods]
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Heterologous expression of alsSD operon in C. glutamicum CGF2 resulted in acetoin production
strain CGT1, and disruption of acetate synthetic pathway gene cat and pgo was investigated.
Subsequently, NADH oxidase from Lactobacillus brevis was developed for acetoin production under
optimal oxygen condition. [Results] CGT1 accumulated 6.27 g/L. acetoin in flask cultivation.
Deletion of cat increased acetion production by 30.94% compared with CGT1, which was 8.21 g/L.
Deletion of cat and pgo had no improvement on production. Moreover, the production of acetoin
enhanced 10.06 g/L by optimizing the concentration of dissolved oxygen. Under high dissolved
oxygen, expression of NADH oxidase contributed to an increase in biomass and glucose
consumption rate, but the titer of acetoin decreased slightly. In intermittent fed-batch fermentation,
recombination strain produced 40.51 g/L acetoin with a productivity of 0.51 g/(L-h). [Conclusion]
The inactivation of acetate synthetic pathway gene cat could efficiently increase the production of
acetoin in C. glutamicum. However, expression of NADH oxidase had disadvantage of acetion, and
its expression level required more regulation to confirm the effect.
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ZABHR(CH;COCHOHCHS), 11 0 56 [ BE 34
30 BRI R WAk a =z, Iz AT
fh . A0l EZAE TAURES . HRT, Z ST
A A = T BRI A2 A AL T RE AR
BE R BAC UL B Ak 28 U SAB IR S B b s )
FATEMRRRERAE, BOR B M & B0 Tl ik
Wy R il 2 R AR AR

FIAR S rp REAS 55 i £ A8 800 ) Fol 2 ) 60 365 25
FFER . FLERAE P RBR A AL, BT 2
T ARA: Y0 & BB IE 24 P F ER BB, (AR
LA PR TV AR TR I E AT IR R
PR HE A AR, T H 2 e SRR, ok
o S NI W o S PO R A | B YL s
GRAS EIE = ZABIAEUS T Stk itk el
Bae ¢ IR B A C TR R, AR (8
88 100.1 g/L, Ho™ & H AT AU s K, E
R R A KB e, W I K ) B 5 AR Y
ODgoo iF53% 9.5, AR T IR Ei) Tl AR ™

BB RN I (Corynebacterium  glutamicum))™
ZRIAT LSRR L-BE Rl A =,
HATISA R B i T R B s, IR Ve R,
T iES SRR TV AR A o Rl A R
BRI SR, A TR S AR AR A LR A
R REENC, IAl, R bR SRR, a5

et THAF | HorfEputE, AR T2 e
TG . (R H RS A OCHESE , USRS
SERTOFFE P AEAR SR EAT 1 5 | AR BE 2F AT 1A
CABIAG IER , P 5 8.33 g/L, /R T
AT TE Z AR AR A 7 1o 4 ) v 117

AW BERVEFT I CGF2 A A TRk, T
% E2 R T W) L BRAH S FE DR Y e B X 2 A R 7
(RSN, L VA R R K, iE— 2
G AR ARG U R 2
1 RS 3%
1.1 EFk. FRRFs|4

ARSI TR ATORIS T2 1, 5149151 F3 2.
1.2 EFEE. WEHFLEE

LB }iFRALA BHI $5 32 BT 1710
CGXIIY Biz#3k(g/L): %% B 30.0, Yeast extract 5.0,
(NH,),S04 5.0, Urea 5.0, KH,PO, 1.0, K,;HPO, 1.0,
MgSO4-7H,0 0.3, CaCl, 1.0x107%, FeSO, 7H,O
1.0x107 , MnSO4H,0 1.0x10™*, ZnSO,7H,0
1.0x107° , CuSO45H,0 2.0x107* , NiCly-6H,0
2.0x107°, Biotin 4.0x107*, pH 7.0, ZMttrbEL &
EFHE(g/L): TEEEKY 50.0, FKF T8 10.0, Urea
1.0, K,HPO,40.5, MgSO47H,0 0.5, pH 7.0,

FRARBGARI & . SanPrep #E0 PCR =44tk
N A R R & . AR . PCR 514, BT
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Table 1 Strains and plasmids used in this study

FRBR AN R

Strains and plasmids

Relevant characteristics

SRR KR

Sources

Escherichia coli DH5a Host for plasmid construction Lab stock

CGF2 C. glutamicum ATCC 13032 AldhA AptaAackAbut4 Unpublished work
CGT1 CGF2; pEC-XK99E-SD This study

CGT2 CGF2Acat; pEC-XK99E-SD This study

CGT3 CGF2AcatApqo; pEC-XK99E-SD This study

CGT4 CGF2Acat; pEC-XK99E-NSD This study
pDsacB Kan®; vector for allelic exchange in C. glutamicum Lab stock
pDsacB-Acat pDsacB carrying a truncated cat gene [18]
pDsacB-Apgo pDsacB carrying a truncated pgo gene This study

pEC-XK99E-alsSD
pEC-XK99E-NSD

pEC-XK99E, Ptrc::alsSD [17]
pEC-XK99E, Ptrc::alsSD, nox

This study

*2 AWMRFASIHY
Table 2 Primers used in this study

Primer Primer sequence (5'—3") Restriction site
pqo-FU GGAGTICTAGATAACGAATGGTCGGTACAGTTACAA Xba 1
pqo-FL CAGGTCCAGGATATGCCGCACCGGCTGCAAACGCCGCCGCTTCCTCATTTCGA
pqo-BU GCGTTTGCAGCCGGTGCGGCATATCCTGGACCTGTACTGATCGATAT
pqo-BL CCGGAAGCTTCTCACCATTTCCCGGGCCATAAGAAT Hind 111
cat-U AAGGAATCGCAGAACCGCCA
cat-L GCTGCGGCTGATTTTGCTGA
nox-U AGACGAGCTCAAAGGAGGACAACCATGAAAGTCACAGTTGTTGGTTG Sac 1
nox-L AGACGAGCTCTATCCCGGGGCGCCCTGCAGGTTAAGCGTTAACTGATTGGGCAAC Sac 1

AP TR(ERA A BT IPTG, Sigma A ;
PCR HIKHE. T4 DNA 3R, FREEN DI,
Thermo A 7] 5 At Ay ] = stk 11 43 Bralir= i
PCR {¥, Bio-Rad A r]; Bt . HIEIL,
Eppendorf 2V H]; 5L KFEERE, HiFACEY TEA
FRAH R AR, Agilent 23],
1.3  BEFRE{R pDsacB-Apgo BYHI3E
VLY A= B S8 B R AT TR R A A AR, il
5% pqo-FU . pqo-FL Fl pgo-BU | pqo-BL, 17
PCR §" 34158 pgo I F i[RI pgo-F Fll pgo-B F
B, PCR WA Z (50 pL): JCHE7K 29 pL, 5xBuffer
10 L, dNTPs (2 mmol/L) 5 pL, LR BT 1 pl,
R B1I#5(10 pmol/L)4% 2 uL, Pfu ZE4AH(S U/uL)

1 uL. PCR JZ W 451 96 °C 5 min; 96 °C 30's, 56 °C
30s, 72°C30s, 32MEH; 72 °C 10 min, LAl
LI B pgo-F Fi pqo—B F BN, S
pqo-FU Fl pqo-BL #17flA PCR 15 2|9fHE 1)
pqo-FB. PCR JZWKZR(50 pL): JGE/K 28 uL,
5xBuffer 10 pL, dNTPs (2 mmol/L) 5 uL, | TFiF[A
BB 1 pl, BRI I4(10 pmol/L)# 2 pL,
Pfu B4 HHS U/uL) 1 Lo PCR W AR E

¥ pqo-FB i Bralifb )5 i BRI N YT Xba 1
1 Hind 111 fi§ D)% #2824k pDsacB I, 54k 2K
FFI DHSo S22, TEIRIN 25 mg/L RIBEE R
LB 5k FRESR, PRICHMESL LT, LB B4
Foks, EEVISSUEIESH )G A TIY, 158 pgo HEH Y
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ik pDsacB-Apqo.
1.4 BHHEREBRR

Z M8 Wieschalka 2Ty vk ) 0 0 e ARic
PR AR T B AR B JOIR ik . DA
% cat ), ¥ pDsacB-Acat kL B P AL
AR R B S, RS F: 100 Q,
50 uF, 1.8kV, Sms. 5 H&H KIBE R BHI
AR SR IEAE 30 °C fHIRKEFE, PRICGE — X [FE =
AT S car-U Ml car-L 471475 PCR
IGUE, TRk AT pDsacB-Acat
(I BAPE PR . TV PCR UM AR R (25 pl): JCEK
10.5 pL, 2xTag PCR Master Mix 12.5 pL, 5%
(10 pmol/L)4% 1 uL, FHUD it FREEVEVE R SN
PCR JUw 451F: 94 °C 10 min; 94°C 30, 55°C 305,
72 °C 1 min, 32 ME¥; 72 °C 10 min, PR HEERE
2| BHI ARGk, T30 °C. 220 t/min JR¥7% 15
12 h, AT 10%EE05) BHI B AR IR I,
W FEREEOEIER sacB sk 5 R Rl EE 4
AT, BB EA 10%BEHEF 25 mg/L R
BRAZZ () BHI [R5 5258 B0 B S e fm 3k
IAERERE AR AR K- RIREE = EANK TS,
WAE S cat-U Fl cat-L 47175 PCR K, fii
e cat BERTAME . pgo HIMIBRIE IR Bk Ty il AT .
1.5 NADH S{EFRIEH A pEC-XK9IIE-NSD
RYHIE

DU FLAF R E R AU, 514 nox-U F
nox-L #£17 PCR ¥ 14158 nox FBi(PCR Wi {AFR
A 1.3), 2liAb)5 (o BRI P DI Sac 1 5
Y1443 254 pEC-XK99E-SD I, 564k % KT
DH5o &2, 7EUNIN 25 mg/L RAREZEA LB
PRI FREFR, PRERBAYERS (LT, LB 574k
BUSRE, BEUISIEIE A 5 21 7Y, 45%] NADH 4R
fR R K3 4 pEC-XK99E-NSD,,
1.6 EFFZE

— R . DA RO R R B
5 mL BHI 55553591848 7, 30 °C . 220 t/min 5535 12 h,

TR TSR - EA
42 mL/250 mL #ETEIR CGXITY H53R3krp, oimaik

4 25 mg/L BRI ZE M 20 o/L A B, 30 °C.
220 r/min JR3HHFEE ODgoo N 10 FiA7 .

AR : B _HMTFR 5 mL =
42 mL/250 mL #EIEIR CGXITY $5383Emh, ik
4 25 mg/L W-RAREE 2 A 30 /L (W40, [AI
T REEVTATIN 1 mmol/L IPTG 55 alsSD #4901
Fik, 30 °C, 150 r/min JRFHHEIR. FATIREAKE
Ak, PRFHREFRFAEH 30 °C. 220 r/min,

Oy HANEL R B 7 S L R TR T, 3= 2 L,
FERPE 10%, IR 30 °C, @R 2.5 L/min, #5#
fHE 500 r/min, £f pH FEZE 5.5 JFHIN 25% 2K
ik 6.0, WA ZIHE A 50 /L, B FEAR T 10 g/L
FRMIT 800 g/L YA A B K 52 BRI R 7KK o
1.7 REBEFMSHAE

AP R R R 55 H0 AT L A ot B
T 600 nm AR ODgoo 7 -

ORI R - 2 W e SR R AR AR A
SBA-40C {ill5E .

CARUH LR . R S SORAR tai R
4, RS-, Bio-Rad HPX 87H (9 pm, 300 mmx
7.8 mm), B4 A 5 mmol/L H,SOy, 1% 0.4 mL/min,
FEIR 65 °C, 144 VWD Fl/RZE RID #:l

2 SR540
2.1 pDsacB-Apgo 1 pEC-XK99E-NSD gtz
REE

HHE 1.3 B i s R Bok: pDsacB-Apgo
PCR #3152/ pgo b FUFIRIIEREF pgo-F Fil pgo-B
FBER/INT 51 621 bp £1690 bp (K1 1A), —#HY
A B pgo-FB K/NA 1311 bp (& 1B), 4R
KiZE Xba 1#1 Hind T A" HR/NA 1 311 bp
14 426 bp KM~ H Y B(# 1C), & pDsacB-Apgo
PR

P 15 fr R ik RSk R R g T R
pEC-XK99E-NSD, PCR ¥ #4153 EI nox A B A/
1 380 bp (Kl 2A), FEARIL Sac 1 EYI=H K
/N>R 1380 bp 19 505 bp AP H B - BL (& 2B),
F1 pEC-XK99E-NSD #HE I .
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Figure 1 The agarose gel electrophoresis of pgo (A, B) and enzymatic digestion (C) of pDsacB-Apqo
7£: M: 1 kb DNA marker; 1: PCR J=¥J pgo-F; 2: PCR j*¥J pgo-B; 3: PCR ;=¥ pgo-FB; 4: pDsacB-Apgo % Xba 1 Fll Hind 111

BEDI =)

Note: M: 1 kb DNA marker; 1: PCR product of pgo-F; 2: PCR product of pgo-B; 3: PCR product of pgo-FB; 4: Digestion products of

pDsacB-Apgo by Xba 1 and Hind 111.

A bp M 1 B 2 M bp

250

2 nox FEE(A)K pEC-XK99E-NSD E§1J138E(B)
F ik

Figure 2 The agarose gel electrophoresis of nox (A) and
enzymatic digestion (B) of pEC- XK99E-NSD

#E: M: 1 kb DNA marker; 1: PCR J=#) nox; 2: pEC-XK99E-NSD
% Sac 1 B§YIEIT=4).

Note: M: 1 kb DNA marker; 1: PCR product of nox; 2: Digestion
products of pEC-XK99E-NSD by Sac 1.

2.2 PR cat 0 pgo EEHIEE

MR 1.4 PEd 5 A5 1 mlBs cat 1 pgo FEAL .
SAILL pgo FRAEREFNEY A= T4 S PR AT IR JE R 41
KRN, (# 5 # pgo-FU F1 pgo-BL 34T PCR K
WE o pgo ZRASKRANEF A= B PCR 77414358 1 311 bp
H12 691 bp (&l 3A), % pgo FEHBE LI RE . 43
BILL cat 7R A A G2 R A 7R i (R 2
e, 514 cat-U Fl cat-L #847 PCR BilE, cat 5575
PRANEF A= UHY PCR 453504 1 877 bp #13 251 bp
(% 3B), FM cat FEP B R RER
23 ZBIRSRERMENSEREENEE

Ao, kBT LUR) RS o 4
EMP &84 BN ERER , 9950+ INBPRTE o- L EFLIR
A VER T & R O BEFLER A A ALk, RS 2
P FLRRAE o- & TEFLIRR IR Bl 4 T S i — 4
T AR R CABIA S A 2,3- T ZFE UG
AL TR 2,3-T i LR A E T4
K OABIAA T RRR o AL R ZE AR I AR A A
KRS IL ] alsS FN alsD B AR TE
FOh A RS M AR AN E 4 Fis .
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3 pgo (AR cat (B)FRK Y PCR 3 E T RS 18 5EAR FB. ik
Figure 3 The agarose gel electrophoresis of identification
the mutation of pgo (A) and cat (B) by PCR

1:: M: 1 kb DNA marker; 1: pgo 2758k PCR 7245 2: pgo
YPA R PCR 745 3: car BPATIM PCR 7405 4: car 5878
FRA PCR 74

Note: M: 1 kb DNA marker; 1: PCR product of pgo mutation;

2: PCR product of pgo wild type; 3: PCR product of cat wild type;
4: PCR product of cat mutation.

Glucose
Lactate i
ldhA Phosphoenol

pyruvate
l acek Acctyl-P Pyruvate
//f; Q‘(ZB pgo | alsSp

Acetyl-CoA ? Acetate
| 4 a-Acetolactate

cat ¢ alsDy,

Acetoin

NADH
butd i(:
NAD*
2,3-Butanediol

B4 HERBETESHKCEENREIREZ

Figure 4 Metabolic pathway for acetoin synthesis in C.
glutamicum

TE: alsSpe: Mt HAFH o- CBEFLIR S WBESER 5 alsDp,: A
FCEHUAT I a- CTEFLIRR R TBEEDR 5 butd : 2,3-T Tl A
(H; ldhA: AT EAMIER ; pgo: WERIRRE AR EREEEF ; pta:
IR R 5 ackd: CIRWIHIER; car: LT A %
RMGSEIE s aceE: WEARRNGZNS E1 WAL

Note: alsSp,: a-Acetolactate synthase gene from B. subtilis; alsDp;:
a-Acetolactate decarboxylase gene from B. subtilis; butA:
2,3-Butanediol dehydrogenase gene; /dhA: Lactate dehydrogenase
gene; pqgo: Pyruvate:quinone oxidoreductase gene; pta:
Phosphotransacetylase gene; ackA: Acetate kinase gene; cat:
Acetyl-CoA transferase gene; aceE: Pyruvate dehydrogenase El
component gene.

R kR CGF2 °H IdhA | pta-ackA F1 butA B
PRk, BHWr THER. LR, 2,3- T —FAHUELE,
AR F AR TR . FE I ILAE K Bk pEC-
XK99E-alsSD 5 A\ CGF2 #5545 ZABINEG s
MEAFE CGT1., FMAREE /R, CGT1 AL
1HH 6.27 /L, FRFLZRT 3.96 g/L ZIR(E 5), 5L
W45 R RIRY alsSD AT S BR8P sl h ik
P73k, fEREHS BRI 2 LR L K 2,3-
T EE, UL IdhA RN butA BRI TG R SR LR
(AR LA B B 1 A BT 2,3- T e AL . BARE
Pk CGT1 H i) B2 LR A R BT, (HA7E 2
TR, Wit SEE—2 Bl AL 2 R A%
Wi, LARE R .

24 MBRZEREREERERERXNZBERER
SapAl

H AT 2B B 0 K SR A R 2L HIE R
{45 pta-ackA . cat. pgo il aceE (K 4%, CGT1
[ pta-ackA C.ZMRIR, TR aceE 2 KAATL
PTG A P R B TR AR A K IR, T2 NN i
LA RETE R A KPR & eniAs, Rt
HEFE car Il pgo A TREFR . T 5ERR CGT1 HiY car
P MR CGT2, HAERR A B A R B
8.21 g/L, H CGT14EE T 30.94%, [Flt, ZMRE=
AR T 86.86%, Tifm Lt 4R 9.91% (& 6).
SCIGEEIRI, AR car BB T MY ZBEATE A
0] LFRIGHEAL , 5 58 i it S m) A= e A0 AR WA
AR, AN R TR A AR AR A

35 110 720
30 4 g ~
r 1° =
= 115
o 25 | -=Glucose 1 %D
B 5 Lo-Acetoin 1651 =
o 7 | 4Acetate 1 8410
g 15 -__v_ODGOO 14 .;n |
© 10 1 815
- {2 <
5 4
0}_ L 1 L 1 L 1 L 0 0
0 10 20 30 40 50

t(h)
5 CGT1 %4

Figure 5 Fermentation curve of CGT1
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Figure 6 Fermentation curve of CGT2

AT it R A, @ik CGT2 H i pgo
HRFERE CGT3, SR CGT3 MY A EEE N A CGT2
ZRAREAERER), KIE pgo X LT LAHIHA
(A B A R TRAAR A AR A 7 AR B B . X AT R
S PR LSRR . (1) BRI R A ik
JiifiE PQO FEMAN I H B UE SEREAE LA N R R A i
WA R TR AR AHAS T DI R R M &2 A {4 PDHC,
X PR R R 1) 24 R BE 28 /&5 T (PDHC . PQO 1Y
K351 0.8 mmol/L F1 30 mmol/L)**, (2) Schreiner
5K PDHC WREARa B0 n] BB IS pgo, (HRIH
FErRE PDHC El1 ZRtSFEN aceE BITPRH L FRIA
pgo (FHETE R 15 )t HA DRkl i 2 izs s
P, I, 15 PDHC fELEME T pgo
ATREAL TAHPIRZS . (3) BRIz PQO Y
TEEFAR 3 45, FeE A bR A s R A rhix
B TEPE AT REE— i . BT FaREER, a2k
PERRHRE CGT2 HEA AL
2.5 BEKEXZBERZREMN

CABIRE 2,3- T ZFE A B AL AT P
NAD'/NADH (/& 4), BHWBriZi 23 % NADH i

] M T 50 T 1A AR 4K . NADH A i WP B A
T SEEEAE Y, PR KN B IR B

o, B CGT2 TEARIF R N A TR AR I, 45
BRI 5L M 150 r/min #2558 180 r/min, Z 18
WSS 7 R AN, MAR2EHE K% 220 r/min,
1T AR, AR TR 3). I, S
ZERFST R 220 r/min AT R EESER

SERTBIGE T 150 r/min SRAE " ZAB A A
Rl EASCEE RN, — 7 T AR SRR
fitest, Do REV R ERR aceE JE N
TR AN REAE: S8 2 IBE AT A, BELIRT T i%3442 NADH £
774, NADH Ry FIFEERAR, BIATEREZA
SOFEMINIRE ST s S — TR RER aceE bR
TrEANIN R A
2.6 BHEFZMHTERIE NADH FLEEX Z1B1RFR
E=0pA1)

I P R T AR5, Fik NADH AL a]
PITHAERL ) NADH., 4 4ZLAF R ) NADH %Afk
gt IE ] nox 51 CGT2 35| E Rk CGT4., #%
AR R(E 7), #£ik NADH EAbAFRES @& 17
o R RR 9 A 3 SORAE R, (H LB A ™ 1t
A FTAK. R CGT4 MAEY s CGT2 38 T
20.93%. SEEAREY, WEE SN T ERS AR
BEFT TR H 22 35 NADH 4 fL i A RBHE 7 2 AR I Y

TERIZEFGE R, S L A 3 Pk T e
JfL k5 1 NADH., Zhang 282 e B 254 AT T
Fik NADH Ffblf, KGR 20-30 fHHT 0
CABIR = A TG HE R S A5 67%. 7E CGT4
H, nox BYFRIAMF T SRR DUEOORAE Rk B

£33 EREEN CGT2 &£ 7= Z (B IHAY 2 0H

Table 3 Effect of rotation speed on acetoin production of CGT2

i3ty WAL ZABIH (G FELE L
Rotation speed (1r/min) Glucose consumed (g/L)  Acetoin (g/L)  Yield on glucose (g/g)  Productivity (g/(L'h))  Acetate (g/L)
150 30.50+0.50 8.21£0.10 0.27+0.01 0.23+0.01 0.5240.01
180 30.75+0.85 9.68+0.15 0.31+0.01 0.27+0.01 0.48+0.09
220 31.10+0.60 10.06+0.20 0.32+0.01 0.34+0.01 0.3840.02

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PSREE: LIRE MGRAEREINT K NADH SR 0 T A 2 R AT 1 A 7™ AR IR A 2 2537

CGT2  CGT4
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