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Molecular cloning and SNP analysis of a acetyl-CoA C-acetyltransferase
gene (SmAACT) from Salvia miltiorrhiza
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Abstract: Acetyl-CoA C-acetyltransferase (AACT) is the first enzyme in the terpene synthesis pathway,
catalyzed two units of acetyl-CoA to acetoacetyl-CoA. In order to study the tanshinone biosynthesis in Salvia
miltiorrhiza, a novel AACT gene, SmAACT, was cloned using cDNA microarray and RACE strategy. The full
length cDNA of SmAACT is 1 623 bp (accession No. EF635969), which contained a 1 200 bp open reading frame
(ORF) encoding a 399 amino acid protein. Nine introns were found in the genomic sequence. SmAACT was
upregulated by YE and Ag" elicitors both with cDNA microarray and quantitative RT-PCR analyses along with
the accumulation of tanshinones. Sequence homology comparison and phylogenetic analysis all suggested that
SmAACT belonged to the class of acetyl-CoA C-acetyltransferase. The transcription level of SmAACT was
relatively higher in root than that in stem and leaf tissues. SNP analysis revealed that SmAACT was highly variable
in the region of 6 to 9 introns with 33 SNPs in the 600 bp region, there are 5 SNPs in the cDNA region while they are
all synonymous cSNPs. Some special genotypes were found in Salvia miltiorrhiza from different areas. SmAACT
will be an useful gene for further analyze the mechanism of gene regulation among the tanshinones biosynthesis.
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F+% (Salvia miltiorrhiza Bge.) 125 B35 P Ak
DPFSMFAEY), ARG Ry e 4
Hudh K P2 AR ] . PSR S R
hy A GE R B TR ) S BRSNS . s R T
AR A J LA A4 ) LSRR (GGPP) Wl i 4%
ARG N, — 4 AR T BT I LI R RR
(MVA) &8, 53— 4 NAFAE T B4R B 4 I 1R / 1ok
MR T 4t (DXP i#&1%). LMk CoA BEILHH M
(acetyl-CoA C-acetyltransferase, AACT) it MVA i
7 BB RN, 2 DT LEE CoA Hiey
K L LT CoA, J& THififlif (thiolase) ZXIK.

AICIE L cDNA )7 HARIRAFS TS LW CoA Bt
SLIHAZ M cDNA J7 B, JFTOFE S 2140 K cDNA ML [A]
AFH. cDNA 45 RSS9 E & PCR 472K
— 5, R SmAACT Z 2153 T RERHEHY (yeast
extraction, YE) Al Ag %3, IFFEREFFS I o)
BTN, $875 SmAACT 4 P Z WSS e/ AL 5 1 MV A
B RGN . P ITIRZ ATE (single nucleotide
polymorphism, SNP) 73 #1¥] W7, SmAACT HA7 3
WA, JF R R e R R B 3K ey I 2 H
T4 ) e ik DR 2 s 71 (1) A BE IR 2 0 26 B AR
ST AL A A AR S DA TR I ST B T A
fitio

MELS %

KB NS BRHOGERRITE 15834 H
FRIRGE 75 3CEAT Ri- BORL AL T T 10 BRI B 6~
7TV REEETREE (ASHMER) B IMS BRI,
FETCRAAT TR 2 g ARl T34 200 mL Jo#is=
1 6~7 V BARRTFREEN 500 mL = F - dEAT 44X

Fi7R, JiIR 218 d Rtk B R4 25 C,

110~120 r-min "', SR &M R %,

SmAACT AT IR 2 WAL IR T 34
AN = 18 ANFESFE M, e DY NIy P2
(SCDY) 54~ PUNIHYL/NFEZ (SCXY) 3 4. Bk
PR FS (SL) 3 MR R ETZE S (LW) 74

FESFHEMSENE FHES THE YE+AE
X FIRBARRBAT AL, 200 TAEFSS 04 1. 2, 4. 6
9 d WGERMEL, 4 BIEAT & 2 R RNA $2505,
YE il & i B 25 g BERHE IS T 125 mL 2800
JKHR, I 100 mL JC/K 4, BT 4 CUKFAFRE 4 d,
02 B, BORUTIER T 125 mL Z&18KH, A
ToK LB (LTS Bk 80%) 2 IRUTIE, By, VIEH

F 100 mL ZE48/K 1, 120 “C K 20 min, A HJGE T
4 CUKFA# M. Ag % A AgNO; 50.96 mg ¥
F 100 mL 21K+, H1%43 3 mmol L' ) Ag'. i
SFAEIRE N 200 mL 5 FRFEF A 2 mL YE Al
66.7 uL Ag".

SHEEMBEZ  KAFHS oDNA R ik
SmAACT F:Hl. KEUAME A CTAB ERIT S
RNA, XJ Pharmacia 24 7] Quichprep™ Micro mRNA
PurifiCation Kit 7> 2 mRNA Jii, {Hid 7 cDNA 7> 7
S L EcoR 1 /Not 1 #53k, 1€ T4 Z % H RN 11
I F iR, HRIAHAk L ZAP Express Predigested
Vector HE#, SRJG AR E AR AR BEER 1),
J&Y E.coli XL1-Blue MRF'#:J 3 1% cDNA 3L . $hHL
O3B RLUF (MW T BEREAT PCR 748, i v bk il
Al PRI S 15 3 4 354 AN SO T R
e LLPFZ: actin FERAE R BHPEXS I, AN DNA 155
FEWBAN PolyA g B % 1

¥ YE+Ag Wb B 2 d AR R A BRI B B EA T
SR A, BEFPR R A bRl . O AR A8 AT
P AT IE RS . & FH LuxScan 1/A X
I BG4, F GenePix P4.0 EHZ 4> Bt
BAEXS S BUGREAT 04, Bdli ] Lowess J7i&IEAT
H—4bo RITPIRE 22 S hnifE 45 T-test J7 V2Kl e 22
S RIBHEH

cDNA £K % K/ SMART™ RACE cDNA
Amplification Kit (Clontech 2 @) ik 5l & ¥ 4T
SmAACT 5' K% (149, i U W] B EAT #4E . &
RNA H] Trizol (Invitrogene 24 &) XA &g, S I&
TE ARG S EAE T . LLH¥ GSP1 (5'-CCTCAAA
ACCCCCAAGAGAGTGACCAAG-3") J 5'RACE #¥
514, HEAT cDNA 5K [f471#4 . PCR 44124 94 C
5 min, 94 'C 30 s. 68 ‘C 30 s. 72 ‘C 2 min (35 MiE¥L),
72 °C 7 min. #4121 100 bp 4571 cDNA
R B SR REEER SO & (Takara 2 ) (Ml H
(AR B, % pMD19T #fk (Takara 2 w]) Bl G A
TR L3k B i e 2 pMD19-T #4krh, %58 BH
SR IFIT (b =T A A ).

ERZEHMSH KM CTAB LRI 2 &
DNA. 1t SmAACT (Wit 514, LLFFZ DNA 4
FEA, PCR JRMAAZ: 100 ng DNA, 51L& WKIE 0.2
umol-L™', 10 pL 2xTaq Plus Master Mix, Z{&F 20
uLo V4 94 CTAEYE 3 min, R )5 HEAT 35 AME
FR:94 °C 30s. 55°C 30s. 72 °C 2.5min, fJ5 72 C
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FEA 5 mino PRI, HEELTORE, W, 45915 cDNA
P AL

SMAACT IFSRIEK LR LK EE PCR#E
M B RNA K] Trizol i & (Invitrogen) $EH, HX
1 pg BARMRFEASLI B RNA A 858 —5E cDNA.
Hpl Rl RNA B 1 ug, Oligo dT (18) (50 pmol-L™h)
5191 uL, A% RNase 258 F/KZE 6 uL, 70 C
LR 10 min Ji5, ¥K E&YA 2 min BA L, B0, RIGAE
B0V RN SOV 2 uL 5xM-MLV buffer (5
250 mmol-L™" Tris-HCI (pH 8.3). 375 mmol-L™' KCI.
15 mmol-L™" MgCl, & 50 mmol-L ™' DTT (dithiothreitol),
0.5 pL dNTP mixture (10 mmol-L™")), 0.25 pL RNase
FHIF (40 U-uL™") F10.5 pL 300 %% 55/ M-MLV (200
U-uL™), 42 CH#3% 1 h, 70 °C %M 15 min J5 & T UK
AH, BT Real-time PCR ¥ #98k —20 CIRfE%&
.

W E®E PCR §7'8: IPZ actin (GenBank
accession number DQ243702) FEKE NS, K H %
Y38 i PCR Kl SmAACT (AN o actin 51904
Fa: 5-GGTGCCCTGAGGTCCTGTT-3'# Ra: 5-AGG
AACCACCGATCCAGACA-3's SmAACT 5144 Fs:
5ATGCTGAAGGACGGACTCTGGGATG-3' #1 Rs:
5TTGTCAACAATGGTGGATGG-3'. H{ AN B 1)
P cDNA % 1 puL, 1% 1/50.1/100+1/500.1/1 000
172000 FRIHF 52 0 2K 1T 28 088 7K s B8 AN [ R 32 PRI RS AR
W RIS oy B A, AR S R, F T IEAR
YIARE T4 . 7ERE 96 fL PCR # (ABI A rl) H4F
LI Rk [ M (25 pL £ %): SYBGREEN PCR
master mix 10 pL+ 54 F (20 umol-L™") 0.5 uL 5[4 R
(20 umol-L™") 0.5 uL i cDNA 0.5 pL, K2 81
JKE 25 pL. SEI 52 B PCR (9 # 451F Jy: 94 °C 5 min
J5, HEN 35 ANYHIEIR: 94 CARME 30 s. 55 CiEk
30 .72 ‘CHEM 1 min, f5JiF 72 “CLEMH 7 min, 4 CLRAT

K AR HE B 26 VLT 5 SmAACT FEH 5 W &
actin AR MR AN RIS R BIFA (YE+AE)
XTI (control) Z LR RFENTE FRIAEH. HHE
it KH SPSS AFEAHT, Girtai UL “ P fE+
SD” EIR.

EMERFEST ERERNKRMNTE, &
i gapd AT HEAT PR I B Unigene 5 #EAT
BLASTX. BLASTN LELX} 73 #r. KM NCBI 1T/
PEHE TR/ (ORF finder) #ff5E 1% 3 A 1) T ) 155
HE. 11T Prosite (¥ (http://us.expasy.org/prosite/)
38T SmAACT H IS5 1L, FEREAS [R) 4 Pk 5
() AACT HI MEGA #3513 A0

RS
1 BRZEXREER

Wit cDNA B F A8 22 BRI At
$: J BLAST LEXT43#1, —/> ¢cDNA (Chip30h04) #%
WREh Sl A BRI, 55748 2 4
(1) 235 5 W) 0T B, PR R BRI 3,199 7 %
(R D, RPNZENZFESTHSBCREE. FH,
YE+Ag" e 1 F O 2 W 2K 5oy AR 8, fEAREE 9
d J&, BaFHSmh & maig ol mik 35.8 50 R4
FE AT Be S PSR A B A Ok
2 SmAACT &K RIEFFIIS

45 cDNA (5 7 19 2] (4% L7 41, it 5'-RACE
34K cDNA 741, R4 1 623 bp. it
ORF finder ~JFR1%IE M 1) FF IR0 5 HE, 45 3L Whon 7
26~1325bp /> 1200 bp [ ORF HE, 7 H 4 i
399 MR HEMR (K 1). H1 DNAMAN #/FHEST 1% 4 Y
B AAIX 27 FE R 41 193.3, LA 6.26.

WIS Prosite U4 FE 4 B i 82 1 BT S5 R0 £,
KU 349~365 aa A fEBER 57 )7 41 NvhGGaVSIGH
PIGcSG-

H I K ORF 41l i BlastN 74k Lhis, 458
INZST NS OB I E VRS Hevea brasiliensis
(AB294686 F1 AB294687). % b Raphanus sativus
(X78116.1) [F—3E 53K T8%H 76%, w4
Wz BT 7 A 3R A3 1) cDNA 341 g )8 Ky — A~ AACT
EH, 4k SmAACT, GenBank 5 4 EF635969.

i FH MEGA & fh, RHIAR457% (neighbor-joining,
NI) ME T AACT MRN8 2). EFE 8 Fl
R 2 MR 4 B ICH 1K) AACT BEATREA 01T .
MEEA AR ha] W, BRI A — N K 9r 3,

Table 1 Gene expression ratio of SmAACT by cDNA microarray

Gene expression level (ratio Standard
cDNA P (gatio) Mean (M) andar
1 2 3 4 5 6 7 8 error (SE)
Chip30h04 2.8000 3.760 0 4.383 8 4.158 4 2.3486 2.027 1 2.8722 3.2480 3.199 77" 0.299 0

"Ratiol-ratio8 is gene expression level of YE+Ag"/control hybridization result; ~ Significantly different by T test of 99%
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SmAACT cDNA

1  ttctaatacg actcactata gggeaageag tggtatcaac geagagtacg cgggattcte
61 gcttaatata ttctttattg getgetccat ttttatcagg ctttaatttt getcaaaagt
121 tgatc atg gca cca gaa gct get tca atc aac cca aaa gat gtt tge atc
M A P A A S INUPIKUDV CI

171 gtg ggt gtt get cgg aca cct atg ggt ggt ttt ctc ggt tca cte tca
v G V ARTPMGGT FILG S L S
219 tca gta ccg gca acc aag ctt gga tcc gta get att cag agt gct ttg
S V P T K L G S V A1 Q 8 15
267 aag aga gca aat atc gat cca tca ctt gta caa gaa gtt ttc ttc ggg
K R ANTITDUPSL YV QE V F F G
315 aat gta ctc agc gca aac tta gga cag gct cct gec cgt cag geca geg
N VLS ANULUGIOQAPATRQAA
363 ttg ggt gcc ggg atc ccg aat tca gta gtc tgt aca acc atc aac aaa
L G A GIPNJSV V CTTTINK
411 gte tgt gee tet gea atg aaa gea act atg cta gea geg caa agt atc
FC A S G MK AT L A A Q 8 1
459 cag lg gel cle aat gal gt gla glg gu ggt gec alg gag age alg
L G L N DV VYV V A GGG ME 5§ M

507 tet aat gl cca aaa tac ale gea gag geg Agk aaa gea tel cga cit
8§ N ¥V P K Y I A E A R K G 8 R 1

555 gga cac gac tet clt gt gal gga atg clg aag gac gea cle lgg gat
G HD SLVDGMULIEKTZDUGTILWD
603 gt tac aac gat git gge atg ggt gte tgt got gaa tta tge got gag
VYNDVGEMOGV CAETLTCAE
651 cac cat agc att acg aga gag cag cag gac gat tit get gic caa agt
HH S I TREOQQDDF AV Q 8§
G99 ttc gag cgt mga att get get caa gat gic get goc tit geg tge gag
F E R G T A A QD V G A F A W E
747 alt act cca¥elc gan gla tec gol gge aga gea cga cea lec ace all
I T P vV E V 8 G G_RKR G R P § T 1
795 gt gac aag gat gaa get cit gga aag'm gat got gea aag g agg
VD KD EGUL G KT F D AAK L R
843 aag cta aga ccg agl ltc aag gaa acc ggl gga act glo aca goo ggc
K L R P S F K E T G G T VvV T A G
891  aac get tet age ala age gat ggt goo gel get ot gtt la gta age
N A8 8 I 8 D G AAAL L VvV 8§
930 gga cag aaa get clg gag cic ggg cif acg glo all gga aag atc tec
G 0 K A L E L G L T VI G K I 8
987 gea tat get gat goo get caL'ncc ccg gaa ctg tit acg act gee cog
G Y A D A A HAPELTFTT AP
1035 gct cft gea att ccc aag gea ctc aag aat get get ttg gaa gea tet
A L A @1 P K A L K N A GL E A S
1083 aaa glg gac tal tac gaa atc aal gaa gct (il e.cg'glc gtz zct cft

VvV DY Y ETNEAF AV V A L

1131 get aat cag aag cta ttg gat cit agt ccg¥gaa aga git aac g!a cac
AN Q KLLDULSUPERYV

1179 ggt gga _gct gtg tet cta gge cat cot cte gpt tge a,gt £zRC gct cgt
GG

SLGIIPLG( G A R 367

1227

ate tig gtc uc[ cic tig ggg gtt tlg agg caa aag aac gca agl atg

I L v TLLGWVLUEREQIEKN A 8§ M:

1275 gee tig gig geg it gea acg gag gag gag geg ool cge coc ftg tot

ALV A F A TEEE AP RP L §:

1323 tga actcgtgtaa tcctaccttg tttgtgattt cgttgggacg acgegactgg
-

1376 cagcggagea gectttgaag agatggagaa geagagegaa ttagattaat ctgtacatct
1436 tcagtcttag atgagtttta ctgtgttatt ttcttttctt cagcataatt tgacttagat
1496 agatagtaga gaagatggtg tttctgatca tatgetggtg tactttatct ccataatgta
1556 ccggegegaa tcctgaatee ttagtecactg caggegegat cagetttggt ccttaggtag
1616 agttattg

SmAACT genomic DNA introns

Intronl:
gttggtgcacacacteggcttatttcecgticaagaaatgaatatt gatagt
cttactctatgtagcggtgttagttaaaaaaac aagagatgataacgtttga
tcaccatgcttataagtcacttattcactcggtcttggceatattctag
Intron2:
gtttgtcttcactatttcgactccatgaatttgtattatccgaagtteatttccat
tgcaagtttttgcattctcacttattctgatttccaaatttceatttccgaatgta
ttgtaagtgagaaatttgcatcaaatggcaattcatgtgatgtttattatactg
citatictgigcag

Intron3:
gtaagataactggacattgacttgtaggtecagttcgtgtitcctattgetge
tttataactctetictigtggatgcag

Intron4:
gtgaagcticaaaatatccttgaaatttgtcatggctegtetetttaggecat
gatacatigaatcacglaaaatatatittgitactaactactcctitctitoctg
glcag

Intron5:

gttttcgegcticoctttcticticttcagttaat cttagtttctattgtattatage
acacaactcaatagaattgcacaaatttatttganagttttattgatgagtga
atttgtcctegtttitcag

Introné:

gtacgtgtecttatatacgtetttetttgtgaatge cgaattatctegteacct
ccatgctigticggtttgtgetattgagttigeaatatt gatgcataataaact
gagcgtettttcag

Intron7:
glatgtcattactettcattcalegaccaaagetagageccaccaactaaa
agelageegtettatictacaaacgtaatelcleglgeag

Intron8:
gtegagtictttacctacgaagtactaaataaaatcgataatgatetecatatt
acatgtttetotcatet getctttaaaattatttetttctaaactttetitetithat
atattttgeag

Intron9:
gtacgttaacctctctcgaccaatctttcgattccaaacaaattcctgattgg
ttccaaattaaaatc gattgtcattgatgttcaaatcatgttatctcag

Figure 1 Nucleotide, deduced amino acid sequences of SmAACT from Salvia miltiorrhiza. The SmAACT ORF encodes a putative
protein of 399 amino acids including a thiolase domain which was underlined. Nine introns interrupt the coding region at the points

signaled by arrowheads

FH Y KFE Oryza sativa. LK Zea mays 5 X F 1
R A% BE BRI SRR M R8s R

SmAACT SH%) AACT (¥ [RVEPE L8, [H)
5, S5X 7MY IEE Nicotiana tabacum. W35 %
Picrorhiza kurrooa [¥) [R5 LU P I RE 4 i o IX LE &5
RERT SmAACT &AM FREEIERE, [F)I & W
SmAACT /&P 54 MVA IR M E A .
3 EREHASH

M SmAACT H:K| ORF PN v 51 %) F12 2 A
41 DNA B TH 1, 1538252 700 bp F#41, vl
Jii 53 cDNA JPHI AT LEXE, RIL SmAACT FH 9
ANWET, 430 1520 1804 80+ 113, 130, 122,
91, 121 A1 102 bp (K 1)o W& F/HNE T I FITF
& GT-AG BYIEX, Horb 7 NN E T 0 45, 2
MAE AT 2 M. AET AV TS8R 64%, W]

BT Gy COWESR, 56BN E IR,
4 5 SMAACT RikiL o #f

T SEZ I 52 56 52 B PCR X SmAACT R 7E S5
FERRAS 7] 48 T A B RAR o 1) 15 ' KAk AT T 20 #7,
SRR SmAACT FENAEFH S 8% 5 ¥ RIB,
HORR 208 B B T 2R R A i, AR
FILTNZETH) 4.84 15 (K 3A). BRI B FRIL S
Wi B, SmAACT FENZ 2B Ag il S, 16
AR 1. 2. 4F6d Al h ) 3.6, 2. 2.6 F12.4
f% (K 3B), BERLS O RATER—F, WP T O
R A WREG T SE P, RN S PR S A SR
B B LRI U AL T SRl
5 SMAACT EEBZERS SMHEDH

X RYR AN = (1 P2 3EAT PCR 4 38 AT 7
IIHT, GEREY] SmAACT FEPIEAR AR AELE K
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AR EFRZ AL, 6 AE TR IANET
25 600 bp Ju[H N, AFELE 33 N2 R % 33 M
A, C-T A-G #5306 A H1 21 A, A-T. A-C.
G-T W5k 3 AN 2 MR LAY (R 2), W, %

Table 2 Distribution of SNPs in the 610 bp sequence of
SmAACT from 4 populations. The exact position of the SNP is
indicated. Heterozygotes are indicated by K (G/T), R (G/A), S
(G/C), W (A/T), Y (T/C),M (A/C) and were detected by double
peak in the electropherograms

?% E‘]Ziﬁf%ﬁél (8 1.81 %) ﬁ%%ﬂ:,ﬁﬁﬁﬁ% B‘Jﬁbﬁ$ . %27‘272 Single nucleo.tide Population
. . S g N ) s . polymorthysm site (bp) SCDY SCXY SL LW
PR ZH (28 ) LT AETIX, 5 ML T4 o N " " R
X, HI8 4 A LRAR, RGHREASER TS . A 62 T T T W
77 A A A/G A/M
PKAACT 7] 98 G G G A/G/R
i: NtAACT 107 A A A A/R
SmAACT 116 A A A A/R
MSsAACT 170 T T T A/T
T Elan 175 A A A AR
{—RsAACT 188 G G G GR
ZmAACT 196 T T T TY
OSAACT 198 R R A A
207 A A A A/G/R
PtAACT
4' Algae 242 A A A A/R
TpAACT |
244 C C C C/Y
ScAACT T
4' 277 C C C C/M
CdAACT
Fungi 328 G G G A/R/G
S CRAACT 338 R R G/R G
S UmAACT 347 A A A G/R
Figure 2 Phylogenetic tree of SmAACT and their related 336 ¢ ¢ ¢ oy
sequences. The tree was constructed by the MEGA program 361 T T T W
(Kumar et al., 2004) using the neighbor-joining method. Num- 369 G G G A/GR
bers on nodes indicate the bootstrap values after 1000 replicates. 373 G G G ARG
The AACT sequences were obtained from the GenBank database. 400 A A A A/G/R
Plant origin: PKAACT (Picrorhiza kurrooa; GenBank accession 405 T T T K/T
No. ABC74567), NtAACT (Nicotiana tabacum; AAU95618), 425 A A A A/G/R
MsAACT (Medicago sativa; ACX47470), HbAACT (Hevea 497 C C C c/Y
brasiliensis;  BAF98277), RsAACT (Raphanus  sativus, 595 T T /Y CIT/Y
CAAS55006), OsAACT (Oryza sativa; BAB39872), ZmAACT 596 G G GR A/GIR
(Zea mays; ACG34735), PtAACT (Phaeodactylum tricornutum; 508 v v C C
XP _002185228), TpAACT  (Thalassiosira  pseudonana,
. 604 A A A/R G/R
XP _002291097), CnAACT  (Cryptococcus  neoformans,
XP 569717), CAAACT (Candida dubliniensis; CAX43676), 605 A A AR GR
ScAACT (Saccharomyces cerevisiae; EDN61111), UmAACT 609 R R G/R G
(Ustilago maydis; XP_759718) 610 G G G/R A/G/R
6 4.5
s A B
2 _} 40}
@5
4 35}
a )
Z 4 3.0¢
2 25t
% } 20}
£ 2 1.5}
g 1.0
0 0
Stem Leaf tissue type Root 1 2 4 6 9

Days post treatment/ d

Figure 3 Real-time quantitative RT-PCR analyses of the SmAACT in leaf, stem, and root tissues of Salvia miltiorrhiza (A), and expression
patterns of SmAACT in hairy root of Salvia miltiorrhiza after treated with yeast extraction and Ag” (B). Data were normalized to Salvia
miltiorrhiza actin expression level. The mean expression value was calculated with three independent replicates. Vertical bars represent

the standard deviation
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2w, PUNIIKHAL (SCDY) FI/NHL (SCXY)
FHZ AR A 3, B 33 M ATE 4 A4
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