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Abstract . Ketosynthases are essential for several metabolic pathways and play a vital function in

XEHS.1005-9164(2017)01-0067-06

biosynthesis of carbon-carbon bond. Until now, decarboxylative Claisen reaction has been in-
tensitively studied, while the research of ketosynthases which catalyzed the non-decarboxyla-
tive Claisen condensations is relatively scarce. Recently ,some new progresses have been made

in this field. In this paper, novel ketosynthases have been discussed including their enzymatic

characteristics, structure basis, catalytic mechanism and application prospect.
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Fig. 2 Enzymatic reaction of novel non-decarboxylative ketosynthases

1 #7BYER B 09 BE 2 45 1

1.1 CysB
CsyB J& — Ff o P T 0 3 K lfy 22 19 (I 28 2R B &
fiff , e LIS E 2005 4738 o oK i 7 B bR A ik DY A I T
68

RBATE ) Y E AR EB T 4 R
TR A B0 CsyA ,CsyB ,CsyC Ml CsyD F&[H , {H R
RIAHCHACH = . Rk, JLO)Re I R i . 2011
4, CsyB 1Y DIy RE A 57 A2 i o 75 oK il 7 b [m) 8 ¢ 3k
AT o L7 Wy 2 7 A Tk 5 00 6% %) bk e D , X > &5 4 3

Guangxi Sciences, Vol. 24 No. 1,February 2017



HORAL, UHRBE R T A . TR R R, e
B Z WY A4 W AH AT DL E e B B
Z— AN FZ AT B ARG A R . 2014
L ER ML IIRETT B T it — 0 R, B AT DLAEAE Y
53 XU 53 70 58 7 N R A O (B 2A) #5324
TEREEE AR RT3 B R 1 R 2 I A R
T 5 BT AN A5 1Y . [R5 — > AT LA [R) s Ak
JBE 52 4 5 AR R 4 I 2 SR 5 i
1.2 MxnB/CorB

myxopyronin A Fll corallopyronin A 2 M. IR fii
KA R, B T e 24 " RNA polymerase
(RNA R4 B i AE 52 G PR il 50, OF B 5 Z A0 /9
RNA F il 570 J2& A5 H F A 6] 38 A7 1 ) 32 &,
T3 b, Ik e R 45 F A T A R b Y B S A B T
S, MEFREIEN] L X WA B R A Rl TR
R4 B2 . MxnB #l CorB 314 £ myxopyro-
nin A Fl corallopyronin A 4= ¥ A 61 5% 22 45 B
SRR G OGRS AT R — o i TR R DB
A R H R A S B IS Y e R o A — L
ANTR] S PR FEAS SC AR 33k A il A — R AT B
BATTH A Yo T R 3R A A SN 8 B R G BE 2o
A HLE BN 7 AT SR P A 58 4 AN [R] 1 B 54
JE (2B .
1.3 Ppys

Ppys 52 1 57 f b & WA AR &0 15 5 4 7 photo-
pyrone P, X WY & B3 F 2 BF BE A XTI AR
SHTFHAEYG RGER R BEA . L E R
3 e B DR R e I S Y L R TR ppys B RER S
photopyrone 2+ FIH K" s 5% . M SRR IBH A,
¥ ppys s bhdABC MlngrA S AKBITHFEIL,E
4T photopyrone i/ ¥ & Bk 2 . XA HE A9 )
RERLIIRIESE . & RIS W02 — i 0 B Y 58 1 A —
A6 7 B B SR (L 20D, i 7 B 00 00 B 28 0 4 181
T LA 7= A2 4 pseudopyronine X B B 43 F, 3X S ElE
JTEZAATE TR R,
1.4 StID

StD J&2 —K 2 W 1. J& T DarB W5 1 (1) 1 i ,
BT &5 NS, 2 S i A R a5 R AR
P P AR R AR AR S5 47, StID Y
ISR TR WX — Bh T2 AR AE 1Y DarB 58 5 i il
@5, DarB i #1 DarA BEHE 5 1F FH, — A 57 5%
AW TIRY 75— DS B &R, AT LA R 2
B R A h A RE = AR 1, 3-30 2 Ul A1 oK 2%
EW . AT LA 32 — A B 43+ F— A A A
(1) BA TR 43 T VR N 8 (| 2D) L 58 i — A4~ TR i EL A7 58
JEAE 2017HF 2R H24EF 1M

e R4 A SN 22 50 R A A AL BN . X 2R
07 e AR/ UL A AR S

2 HBYTR B Y 45 1 B A

I PRAT BT 10 I 1 5 R SR il Bl 2 A5 B A B, G
b EFEAUFE CsyB.MxnB/CorB #l SUDGEWLE 1),
2.1 CsyB

2014 4F, CsyB W iR S5 /15 3 T fgbr . BF /B
R CsyB AR A 192 A VR FH 40 8 40 09 J5 15 1 B
BERTLLGAE] 1.7 A, “BRIK CsyB B IR S M 4 15 T
TRSF I aBaBa B3, LI C155 ., H310 Fil N343 3 P4
FEFRTIE AR TL H 0 o 3% 0 TR AR A A B G PR
T S I 78 2R 5 il 1 LA Ry e TR UG L I AT O
BTN R SR A il ) AR PERE . CsyB I SR 25 1
L BRI a7 R s o [ A TR  m EEN RDTNE X
XA — AR AT 06 P 4%, (153 4 Y2, 7E CsyB
FA) i AR 8 A i B — 1 HC Al T 84 23R 1) 5 il Pl S LA
(R S MR TG PR 1148, 020 kD 3z 1 4% 55 G 1 44
P BEAT OC , 38 2 28 A8 1A 5 PRI L R R AR IR W TE M
TR RS AR RS A B T D AS H A
G F e T i #0028 2 3% o 1 4% A S it 4
BRI /N AT DL Bk A8 CsyB $2 32 IS W (0 5 S k. 78
AR TR R R BT — A SV R 5 R L R IR TR IR
g R R R AU W 2% S 5 B EE A ) R
2.2 MxnB/CorB

2015 4, MxnB/CorB [1) i 14 45 ¥4 [R) i 75 21 T figt
BT+ 3 A il e AN [) %) 75 A F 5 /N AL 5 K, I AR A5 2]
TR B4 B R, MxnB 1450 2 LK R
FabH A, i i 7 F & e 0 7 5 8. CorB
WA PR RS R, BT IR
HedE TR oBoBa TS S54 , 1T LLIE 28 # 5 31 42
APASIEPE O 4S8, H A MR BB R , i A = BRI
B R C121.,H264 1 N294, MERRRFIIE ., &1
PREB T 00 R A Ak 1) O B L 1R o (H 3 3o X Ak = B4k
RIEMKEHALE T RN ZRIMERC 4%
A TG AR Ak X R AR AV AR R RE (A B AT I R A
fRiE 112 0c . ZAR IR G PRI I 0 S 3k 2 I R A
fl it B R R AR D,
2.3 StID

2016 4, StID (4 Fh AR S5 /15 3] T B X & — 4
BB R 2 S T8 A 00 AR PR A R 1 T T AR AR 1 A
TREEM B R HE R ZE Mt 4E R T A SF Y oBaBa MIHT
TR, CHER AL IR C126 . H302 F1 N337,
JP SRR ST o A 58 A8 (A 3 P U0 45 SR 107 L AR 4R
H302A 358 B AT 5 BF A= RUA LAY 36 773X J2 78 2 /1

69



) Tl it 0 A DL I A L 3 B AR AL = B A7 R IR Y
A2 S V| O (= IR (TR AR N
H302A B SR SE M IESE T 3X — A5,

F1 HBFERAWMEENREEN
Table 1  Crystal structure of novel non-decarboxylative keto-
synthases
30 K gy AW LR
Name Original source Type Resolution i 5
(A) PDB 1D
CsyB Aspergillus oryzae I PKS 1.71 3WXY
MxnB Myxococcus fulvus Mx {50 [ PKS 1. 67 4V2Pp
CorB  Corallococcus coralloides I PKS 1.7 5C1]J
StID  Photohabdus luminescens DarB 1.8 —

3 R EUTRBE R ML AL EI

3.1 CysB
CsyB R AL B W 5 550 0 58 B L 3 5 B 2 AU 45

G AE PR 2 4 BT (AR K SRR W) T PR 6 | 58 AR Ak 4
PR R AL 22 3 PR 6, 4R 00 AR T O G B A Ak BL
il o FARGR L A R A M 4%,
S5 A BNE M0 155 ALY P bR B2 % B B8 2R
Wk TP T P A% TR L8 R AT M A%
SRJG L At B — 2 K4 F 155 (A e iR A 377
7 11 20 SR T 1 1) SV P 246 K 55— AN IR A 155 £
IR AR R R s XI55 A TR R E AR R 4% L5 —
A TR B 377 AL 1 2H F R L 58 B A — AN IR
P sy O B— A B Bk B 2 L TP T Y A B R
& 52 WU 5 A 7= 4 D3 11 48 R Ok, R g 4 R
(3,

Loading: Novel cavity Novel cavity §\ Novel cavity
Hi e, Hi lle,,s q i 1e.7 q
is, - . \
- e o (iAo s,
HNON: oo, /" NH HNON o, SROANH HN_N HONO  ANH
H N7 ©JH N= : N=
— — Cysiss
2 HN —)
Phe,s, s o Phe,,, HN 5 Phe,s, S 220
o)
EJ o E) é 0
]
,SH ~SH SH
Cyss xEntrance Cys %Emrance Cysps &Entrance
Cyclization and release: )
g\ Novel cavity Novel cavity S\ Novel cavity
lle,,; q - lle., m 1€,
i is, - . 3
HNoNH  HO™Y  NH HN. ¢ HN_\. SNH
N= : N=
: C
- SN (S
Phezsr, HzN O Phezsn PS =0 Phem HS HzN 0
H-
9 Em Ej 2 0 k
Ej o = oy © HO A 0
,~SH ,SH O O - <O
Cysh, Cys, /-
&Entrance %Entrance Cysl123 xEmrance

B3 HEM CsyB iy fL LI

Fig. 3 Proposed catalytic mechanism of CsyB"*!

3.2 MxnB/CorB

WA AR SR H R MEF . MxnB K CorB Y 2 i
FERVAT CsyB AHIR] A [R] i 2 B A 422 52 09 5S4
ANTR] S R 0k 5 39 28 i AR 0T R A AH () 0 i Ak AL
SR 38 ) B B R T 91 43 B . AE CsyB i 1) 3G 5 i
AR IR 377 i W4 212 » 75 MxnB } CorB Y24 5t
12 7 9] v I o 2 B0 o 38 Ao 3 R 1 R 174 1A 285 4 1 s —
BT A LR M PO O R R IR 2R F i
MRk . P, AT A HLE A F CsyB. #1245

70

DN AT 10 IS 0 R B S KA G A L A B
292 LA R A T B 52 LY . oAb Tl IR W A e ik
5 MxnB 1 HE A0t © i 58 B R S e 2 A ik
IR JE R4 G A HE ST AR B RN o[RS Y I
AW ACP EHAWNS S, BHRY S S EEN
L Es i ACP 2 aT DL 580 4 e B R
3.3 Ppys

£ Ppys BIHELHLE T B PTEZ MY S CsyB
1l MxnB/CorB A F , 760 5 T 1) 25 #4 5 fim 7 54, i

Guangxi Sciences, Vol. 24 No. 1,February 2017



HLE AR S — A B 35 AT R — A XU 5 AT 5 A 2
A SUBR L . AR B0 380 O 3L A I = 5 105
(LA R A G o O I A8 5 e D0 2 B0 R AT 1
B 2 08, ik — 2 BRI, B0 7 A KZE L OleA
G 77 30 L Ole A 1 0T = bl 3% 4 0 1 TR
i 28 L TR 52 LAY ST 1) JE 0 67 A5t 2 P R AT ) i

2 i,
3.4 StID

H Al StID 9 B A AL L) © 2858 o A 25 44
S AR A P 3 50 RN AR R AR IS W 0 M R 56 i AT O
T StID f 6 P 1148 45 /I FLGE 28 78 5 SOk B AR
ST HE 10 R AR B ) R A5 3] 4 1 A R T L (0 — 26 G B 1
EaMs THEsL., N FEIEm 2 81 CsyB,
StID G B R TN TR U R 4 VR, 3T R IR A
PRI P 1 4% S BE IR 43 B 4RI 154 37 19 2% 2 W2 1 5%
WG L S AR AR PR B0 IE S T X A A5, T4 (E
5 VE 75 YR AL T 19 302 57 1Y 4H 2 R 28 AR AR AT R
PR 1, X TE 2Z 0 0 i A e b R A R Y, Ui
B AR R K TR T, T2 BRI, i
JE AR 1 RN

4 LERIE

CsyB T & 3t iy X A 7] 28 78 XU %) 46 5 R )
BERSy NRTR  Y EAy S O R 1 15 Sl R R L
FEEAERE N P EAE 2L SN, ©
AL — 45 A A [R) S Y A ke e T 28 e A L
BIRAMSE R . ol B AT B EE 55 e 2 T Ll i 1k
G TR R Y 2 CsyB — G A .

ZHTH AL G WA 2R R T AE Y, StID 1 &
IRZ5 FRATTI P 40 TR R U Y 8 2E AT L S R AL T ]
fig. Y StD HfE o8 B 2k A Wik 19 &
PR BRI XA, Zil i StD fi StlC Bk
BAERA AT LA, A A S5, X AR R AR, StiD
FISIC KB B4R R 52 . Bl O 458
Fi kA b 2 Bl EE 20 G W 10 25 40 2 A, AH G 105
P IEFEAR DU

X AT T B AR R 1) S S AR A A BN 1Y T AN
W7 4T, s S 4 1 T R O I Y, T R A
WARFPA A, T T Z e Ll R T
VI 22385 3 A7 A T 40 TR A PN 19 3 B Ak B g L 25 R
BCHR AL T AT RE Y SR L O IRATT A T R AR R 1Y
TSR ARG A SN 1) T il B T He SL A

B

Mo ogm f 2

= B B

[1] HEATH R J,ROCK C O. The Claisen condensation in
IoAE 2017428 H24%5%1H

[2]

[3]

[4]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

biology[J]. Natural Product Report, 2002,19(5):581-
596.
HERTWECK C. The biosynthetic logic of polyketide di-
versity[ ] ]. Angewandte Chemie International Edition,
2009,48(26) :4688-4716.
MORITA H,SHIMOKAWA Y, TANIO M,et al. A
structure- based mechanism for benzalacetone synthase
from Rheum palmatum [J]. Proceedings of the National
Academy of Sciences of the United States of America,
2010,107(2) :669-673.
MORITA H, WANIBUCHI K, NII H, et al. Structural
basis for the one-pot formation of the diarylheptanoid
scaffold by curcuminoid synthase from Oryza sativa
[J]. Proceedings of the National Academy of Sciences of
the United States of America, 2010, 107 (46): 19778 -
19783.
MORITA H,YAMASHITA M,SHI S P,et al. Synthe-
sis of unnatural alkaloid scaffolds by exploiting plant
polyketide synthase[ J]. Proceedings of the National A-
cademy of Sciences of the United States of America,
2011,108(33):13504-13509.
WHICHER ] R,DUTTA S,HANSEN D A,et al.
Structural rearrangements of a polyketide synthase mod-
ule during its catalytic cycle [ J]. Nature, 2014, 510
(7506) :560-564.
MODIS Y,WIERENG R K. Crystallographic analysis of
the reaction pathway of Zoogloea ramigera biosynthetic
thiolase[ ] ]. Journal of Molecular Biology,2000,297(5) ;
1171-1182.
MORI T, YANG D F,MATSUI T,et al. Structural ba-
sis for the formation of acylalkylpyrones from two B-ke-
toacyl units by the fungal type [l polyketide synthase
CsyB[J]. Journal of Biological Chemistry,2015,290(8) ;
5214-5225.
SUCIPTO H,SAHNER ] H,PRUSOV E,et al. In
vitro reconstitution of a-pyrone ring formation in myx-
opyronin biosynthesis[ J]. Chemical Science,2015,6(8) :
5076-5085.
ZOCHER G, VILSTRUP J,HEINE D,et al. Structural
basis of head to head polyketide fusion by CorB[]].
Chemical Science,2015,6(11) :6525-6536.
KRESOVIC D,SCHEMPP F,CHEIKH-ALI Z,et al.
A novel and widespread class of ketosynthase is re-
sponsible for the head-to-head condensation of two acyl
moieties in bacterial pyrone biosynthesis[ ] ]. Beilstein
Journal of Organic Chemistry,2015,11:1142-1147.
SESHIME Y,JUVVADI P R,FU]JII I, et al. Discovery
of a novel superfamily of type [l polyketide synthases
in Aspergillus oryzae [ J]. Biochemical and Biophysical
71



[13]

[14]

[15]

[16]

[17]

(18]

[19]

72

Research Communications,2005,331(1) :253-260.
SESHIME Y,JUVVADI P R,KITAMOTO K,et al. I-
dentification of csypyrone Bl as the novel product of
Aspergillus oryzae type [l polyketide synthase CsyB
[J]. Bioorganic & Medicinal Chemistry,2010,18(12);
4542-4546.

HASHIMOTO M,KOEN T,TAKAHASHI H,et al.
Aspergillus oryzae CsyB catalyzes the condensation of
two f-ketoacyl-CoAs to form 3-acetyl-4-hydroxy-6-al-
kyl- « - pyrone [ J ]. Journal of Biological Chemistry,
2014,289(29) :19976-19984.

MUKHOPADHYAY J.DAS K.ISMAIL S.et al. The
RNA polymerase “Switch Region” is a target for inhib-
itors[J]. Cell,2008,135(2) :295-307.

EROL O,SCHABERLE T F,SCHMITZ A, et al. Bio-
synthesis of the myxobacterial antibiotic corallopyronin
A[J]. Chembiochem,2010,11(9) :1253-1265.
SUCIPTO H,WENZEL S C,MULLER R. Exploring
chemical diversity of a-pyrone antibiotics: Molecular
basis of myxopyronin biosynthesis[ J]. Chembiochem,
2013,14(13):1581-1589.

BRACHMANN A O,BRAMEYER S,KRESOVIC D,
et al. Pyrones as bacterial signaling molecules[]J]. Na-
ture Chemical Biology,2013,9(9):573-578.
BRACHMANN A O,REIMER D, LORENZEN W, et

al. Reciprocal cross talk between fatty acid and antibi-

[20]

[21]

[22]

[23]

otic biosynthesis in a nematode symbiont[ J]. Ange-
wandte Chemie International Edition, 2012, 51 (48) .
12086-12089.

FUCHS S W,BOZHUYUK K A,KRESOVIC D, et al.
Formation of 1, 3 -cyclohexanediones and resorcinols
catalyzed by a widely occuring ketosynthase[ ] ]. Ange-
wandte Chemie International Edition, 2013, 52 (15):
4108-4112.

YANG D F,MORI T,MATSUI T,et al. Expression,
purification and crystallization of a fungal type [l
polyketide synthase that produces the csypyrones[]].
Acta Crystallographica Section F: Structural Biology
Communications,2014,70(6) :730-733.

GOBLIRSCH B R,FRIAS ] A,WACKETT L P,et al.
Crystal structures of Xanthomonas cam pestris OleA
reveal features that promote head-to-head condensation
of two long-chain fatty acids[J]. Biochemistry,2012,51
(20):4138-4146.

MORI T,AWAKAWA T,SHIMOMURA K.et al. St-
ructural insight into the enzymatic formation of bacte-
rial stilbenel[ J]. Cell Chemical Biology,2016,23(12):
1468-1479.

AL B

Guangxi Sciences, Vol. 24 No. 1,February 2017



