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I n vivo synthesis of csypyrone derivatives by exploring the substrate
diversity of start units of typeIll polyketide synthase CsyB

Lixia Pan', Jing Zhu?, Qingyan Wang', Naikun Shen, Yi Li*, and Dengfeng Yang*?

1 Guangxi Key Laboratory of Biorefinery, Guangxi Biomass Industrialization Engineering Institute, National Engineering Research Center
of Non-food Biorefinery, Sate Key Laboratory of Non-Food Biomass and Enzyme Technology, Guangxi Academy of Sciences, Nanning
530007, Guangxi, China

2 Guangxi Key Laboratory of Marine Natural Products and Combinatorial Biosynthesis Chemistry, Guangxi Beibu Gulf Marine Research
Center, Guangxi Academy of Sciences, Nanning 530007, Guangxi, China

Abstract: As a novel fungal type III polyketide synthase, CsyB from Aspergillus oryzae can sequentially accept one
molecular short chain fatty acyl CoA as start unit, one molecular malonyl-CoA and one molecular acetoacetyl-CoA as extend
unit to produce the short chain csypyrone B1-3. On the basis of crystal structure of CsyB, afatty acyl CoA binding tunnel of a
length of about 16 A is located in its active center that is proposed to accept diversified start units. In order to examine the
substrate diversity of CsyB, CsyB gene was introduced and expressed in Escherichia coli that contained a number of
precursors of long chain fatty acyl CoA in vivo. The results of HPLC revealed that a series of long chain csypyrone derivatives
were detected in the recombinant strain in comparison with the control strain. These new csypyrone compounds were
preliminarily analyzed by UV-visible spectroscopy and LC-HRMS. Three hydroxylated csypyrones were intensively
determined by 1D and 2D NMR experiments, especially the position of the hydroxyl group in these compounds. These results
demonstrate that CsyB exhibits a broad substrate specificity, which not only can accept the long chain saturated or unsaturated
fatty acyl CoA as substrate, but also accept hydroxylated long chain fatty acyl CoA.

Keywords: type Il polyketide synthase, CsyB, substrate diversity, in vivo synthesis, csypyrone
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Fig. 1 The catalytic reaction of CsyB (A) and crystal structure of CsyB (B).
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Fig. 2 The HPLC result of recombinant E.coli pET28a-CsyB/BL21 (DES3).
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2 7 9 1
1-12( 2 12 280.165 3 308.196 4 336.2312 364.2632
1 11.6 min 11 280.167 5 308.198 8 336.230 1
3040 min 1 364.261 4
11 112 140 168 196 4
1 4 5 6 7
(CaHa) 4
1 11
279 1
A A A
A
2.2 LC-HRMSHIZER S csypyrone
HPLC 6 8 10
1-12 306.1826 334.2123 362.244 3
1 306.1831 334.2144 362.2457 7
csypyrone 9 1 2 6 8 10 7
1 168.043 7 9 11 12
168.042 3 csypyrone 390.2755 390.2770
A 11 28
csypyrone 11
1 12 A 18
CsyB
%k 1 Csypyrone iTE#IHSF& 6 8 10 12
Table1l Molecular weight of csypyrone derivatives A A A
No. Formula Calculate My, Mw A
1 CsH3z0s 168.042 3 168.043 7
2 C16H2404 280.167 5 280.165 3 CSypyrone
3 CaoH3005 350.217 1 350.216 2 3 4 S)
4 C20H3205 352.232 8 352.231 4 350.216 2 352.2314 376.2318
S CoHaOs 3762327 376.2318 350.217 1 3522328 376.232 7
6 C1sH260s 306.183 1 306.182 6
7 CisH2504 308.198 8 308.196 4 345 89 10
8 CaHxO: 3342144 3342123 16 34 5 89 10
9 CaoH3204 336.230 1 336.2312 3 5
10 CooHai04 362.245 7 362.244 3 csypyrone 4
11 CaoH3604 364.261 4 364.263 2
12 CasHas0s 390.2770 390.2755

csypyrone
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Table2 H'and C*spectrum of 3and 4
B A csypyrone 3
Position 532 5.36
oc OH oc OH
2 161.27 161.30 3 4
3 100.32 100.31 1.25
3 4 4,06 4.04
4 180.99 180.99
5 10269 6.02(1H,s) 102.68 6.03 (1H,5)
21 3 14 15
6 169.66 169.74
128.95 130.98
7 205.39 205.39
3 14 15 4
8 3022 2.66 (3H, 30.24 2.66 (3H,
(3H.5) (3H.5) 3 4 10
9 4239 2.64 (1H,m)  42.30 2.64 (1H,m)
2.55 (1H,m) 2.57 (1H,m) 69.09 6942
10 69.09 4.06(1H,m)  69.35 4.04 (1H,m)
11 3712 155(2H)  37.46 1.53 (2H.) Ccosy
12 2561 1.55(2H,m) 2553 1.59 (2H,m)
13 2695 2.07(2H,m) 29.42 1.25(2H,m) csypyrone
14 128.85 5.32(1H,m) 2951 1.25(2H,m) *H-H ( 3 9 10
15 130.98 536 (1H,m) 29.62 1.25(2H,m) 1 1212 1313 1415 16 16 18
16 2737 2.00(2H,m) 2971 1.25(2H,m) 18 19 19 20 20 21 HMBC
17 29.08 1.31(2H,m) 29.74 1.25(2H,m) (3 3 53
18 29.74 129 (2H,m)  29.78 1.25(2H,m) 85 65 96 97 829 10
19 31.85 129 (2H,m) 3200 1.25(2H,m) 22 131 1313 1415 16
16 18 17 19 19 20 19 21 20 21
20 2274 127 (2Hm) 22.60 1.25(2H,m)
HMQC 2
21 1418 0.87(3Ht)  14.24 0.87 (3H,1)
3 4
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Fig. 4 Proposed structure of compound 1-12.
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