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Abstract: Shiraia bambusiccola is an important medicinal fungus in China. Hypocrellins with perylenequinone
skeleton are main bioactive components of Shiraia bambusiccola, which are widely used in food, medicine,
pesticide and other fields as natural photosensitizers. For example, "hypocrellin ointment" has already been used
clinically. As a rare and vulnerable species, wild Shiraia bambusiccola resources are very limited. Due to the
complex structure and chanllenge in chemical total synthesis of hypocrellins, it is urgent to find an effective strategy
to rationally utilize its medicinal value while protecting the wild resources. In this study, a candidate gene cluster
hpc was identified in Shiraia sp. cfcc 84681 based on careful bioinformatic analysis. A heterologous expression
system for hpc gene cluster was successfully constructed and a mutant strain with high yield of hypocrellins was
obtained, which mainly produced hypocrellin A and isohypocrellin A. The main ingredients in the mutant strain are
consistent with that in the wild Shiraia bambusiccola. These results provide a new strategy to solve the shortage of
wild Shiraia bambusiccola resources.
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Figure 1  Representative perylenequinone compounds and the

compounds identified in this study (1-4)
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DNA Polymerase- B il 14 P D14 [ % 5l New England

Table 1 Primers for PCR

Biolabs 2w, % ] Jii i £ Uik 771 &2 Zymoprep Yeast
Plasmid Miniprep Kit >k 5 3% [&l Zymo Research 4= %) %}
22 7], DNA [B]UsCIR 7) &5 A0 ook 32 B0 71 & 35k B
Axygen 2 &) ; 24 i i lysig B A1 yatalase i > 51 1 B
Sigma 2¢ ) #1 Takara 2 &) ; (3% F Y L (3% 2 i 0 1 26
Fisher /A & ; 7 1 ta 3% 4 (ACQUITY UPLC® BEH,
1.7 ym, 2.1 mmx50 mm, C18 column) 3k [ 3 [& Waters
2\ 7] ; Silgreen ODS - il £ 1% 4 (250 mmx10 mm,
5um) WHIL S E BRI R BARAR . SL5 %
FH B 51 4 e mE B AR D RHE A | A G, DNA
W H A6 575 B R FE R B A R A 7] 58 1o

DNAEKIEIE S THEMFHEINEESR Y T
o B SR R

= CERRAIRIADEE R R I BR EE 2H ) SR )
glaA.gpdA.amyB A [F] 58 J5 31 1 5 3l i = 76 5 4R BURL,
H BERZ B A hpeA 149 2 7E 5 glaA J5 311 1) PANU
4 ., BRI KL PANU-hpcA(PKS); kgt #2 i F: DAL
21 DNA RN, HI Bt i 47 42/ 30 bp B8 [X ) 3 %
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PKS-3-R 7 3 Bt 14 hpeA H i v B, KX 3 B Be A
IR i) 12 A DD Notl i) 2k 1AL 1) PANU 2 14 7E 197 B[k
S HEL 2, R 7 328 38 PR T B B 1R B A e B ORI AT T
BERIRZ A . TRV T IR ISR, 42 Bk
J7 73K £ K hpeB Al hpeC #4 #2278 % & PANR L, ## i
FEUR: 435 FH 3%} 51 % MTFAD-F/IMTFAD-R . glaA-F/
glaA-R #iI MT-F/MT-R 4 14 hpcB #1 hpcC 1 J& 3l 1
glaA, H4ix 3 B b BN I BRI 4 P DI BamHI 26 1446
B A PANR (7745 gpdA Ji 31 1) fEBE BRI 2 5 4.
P8 b3k 75 9% 44 2 57 Kz PANP-hpcD(FAD) -hpeF(Lac),

Gene

Primer sequences (5’ to 3')

PKS-1-F
PKS-1-R
PKS-2-F
PKS-2-R
PKS-3-F
PKS-3-R
MTFAD-F
MTFAD-R
MT-F
MT-R
FAD-F
FAD-R
LAC-F
LAC-R
glaA-F
glaA-R
gpdA-F
gpdA-R

CTGAGCTTCATCCCCAGCATCATTACACCTCAGCAATGGCGGAACCCATCAAGGTTTTC
CAATGCGGTGGTATTGTCGAATTC

GGTCCTTTTGATGCTGAAGAATTCG

CCATTCATGACAAAACCTCCTAG

TTGACGCTCTCTCTCAGCTAGGAG
GTGGAGGACATACCCGTAATTTTCTGGGCATTTAAATTTAGGTGACAGCGAGTGGACTG
TAACCATTACCCCGCCACATAGACACATCTAAACAATGGCTACGTTAACCTCCTTTAGC
ACCAGTTCGGAAGATCAGGGTTTAAACGCGGCCGCGTGAGATTTGAGGTCGGCGAATTG
CCTGAGCTTCATCCCCAGCATCATTACACCTCAGCAATGTCTCTATTCCAACTCACTGC
AAAGGGTATCATCGAAAGGGAGTCATCCAATTTAAATAAGCAGCAGGAGAGTGGATAGG
TTCTCTGAACAATAAACCCCACAGAAGGCATTTATGTTTGTCGAGAATTTACCCCAATG
ATCAATTCACCGGAGTGGAAAGTCGATCACATGGGCTATG
TAACCATTACCCCGCCACATAGACACATCTAAACAATGGCGTGTAATGTTTTCAAGGTC
TGAGACCCAACAACCATGATACCAGGGGATTTAAATCCAAGAACACCAATAGAAAGTCG
GCGGCCGCGTTTAAACCCTGATCTTCCGAACTGGTCGTAC
TGCTGAGGTGTAATGATGCTGG
AGAAGCATACATAGCCCATGTGATCGACTTTCCACTCCGGTGAATTGATTTGGGTG
TGTTTAGATGTGTCTATGTGGCGG
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Figure 2 The plasmid maps
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1) 60% H i -7K) 13 ZIL-& 4 4 (5 mg). ¥ = 4 14 ik
A. nidulans (hpcABCDF) )11 #: 7 £ 4 L [ 44 CD-ST
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AW CF (RETEK, FERTE). Wi EH
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Figure 4 The biosynthetic pathway speculation of hypocrellins with perylenequinone skeleton in Shiraia bambusiccola
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(iv), Standard of hypocrellin A (HA) (v), Standard of hypocrellin B (HB) (vi) and blank control group (vii); B: UV chromatograms of prod-

ucts 1-4

ISR AT 3 HA B R KA B HB, T BT AR 47 3
A K K 33U 2 HA AL 9 HB, R UE BT AR 47 3 24
MHHB RIS B2 S T EA R M.

22 RBERIEFYNEHEE HEWANKEER
K, ESIMS {27 H ik 4y 7 85 1 U m/z 259 [M+H]*.
H:H NMR (600 MHz, DMSO-d;) % & 3l 1 I # 3L H
{55 [0y 10.25 (s, IH)].3 M & A5 5 [0, 6.96 (1H,
s), 6.56 (1H, s), 6.42 (1H, s)]- 1 M & 15 5 [d4 6.29
(1H, )] A K 1A LU (5 45 [, 2.20 (3H, 5)]. &5
SCHR I NMR S0 5T b, 4 &9 4 %52 v C ik &4
nor-toralactone®,

) LONIRLT lf A, ESI-MS &on Hovkk o 1 5
U m/z 547 [M+H]* o A% WEBOHE 0 3 2 B R, 1R
H NMR 3 1 2R 4 > A RS S 5 [0, 4.11 (6BH, 9),
4.07 (6H, s)], [AI0F 7E B i 2w 21 M A B KT
100.0 MR B A5 5, 45 & FORFAE MR I SR AR U, $E 7
HATaE Rz EY . X HiZAE Y NMR 5
5o mih & WA 4 i\ B & (hypocrellin A) 11 NMR
K4, W 5e 4 — 8 JF e e B = (4% (CD) 1
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T LI S5 MRS AR A AR 57T 40 3 R
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A Hodim 24 8 R ATLLE B & (isohypocrellin A).
3 N

A X — FR AT 35 B Shiraia sp #4717 43 3 K 4190
7, JE2E A S B2 4 B AHG 4 IR v i ok 31— 2%
A BE AT L1 F AL A I R R K hpe, 1238 DR 7% 6
TS 5O RIS DA R 5 A F hpeA.
hpcB.hpcC.hpeD A1 hpeF. B4k, %% K #% A i hpcE
HhpeG 22X 7R IE SLRIE L —F WA ERES S
HA B G0 A6 i, TR AE AR SC 32 56 38 43 HF R
PR AR N Bt BRIk R I EE T hpe Jk
DAL 752 (1 v S8R IR TR PR, R4S T AT AL R (1) AR AT
AEHER (2), 805N 1.7 1.8 mg-L* (BLSERRS
BB AL A YR T, B D A i — B R
TR BT R PR T o 1098 7
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Table2 'H (600 MHz) and *C NMR (150 MHz) data of compounds 1 and 2 (CDCl,)
No. - ! - 2 No. . L - 2

oy (Jin Hz) Oc oy (Jin Hz) Oc oy (Jin Hz) Oc Jy (Jin Hz) Oc

1 1341 131.3 11 151.0 152.0
la 128.6 128.0 12 133.3 135.2
2 150.8 149.3 12a 127.8 128.4
3 171.0 171.8 13 3.51,d(12.2) 42.0 3.67,d (13.8) 42.6
3a 107.0 106.8 2.63,d (12.2) 2.34,d (13.8)
3b 125.1 124.6 14 78.9 78.7
4 180.0 179.7 15 3.44,s 60.9 3.72,s 64.4
5 6.56, s 102.1 6.57,s 101.9 16 207.5 206.7
6 167.6 167.3 17 1.89, s 30.2 1.83,s 28.6
6a 117.9 117.6 18 1.70, s 27.1 1.78,s 24.9
7 167.6 167.8 2-OMe 4.11,s 61.8 4.27,s 61.1
Ta 118.4 118.0 6-OMe 4.07,s 56.6 4.08,s 56.6
8 6.55, s 102.2 6.56, s 102.3 7-OMe 4.07,s 56.7 4.07,s 56.7
9 180.5 180.1 11-OMe 4.11,s 62.2 4.18,s 62.0
9a 106.9 107.2 4-OH 15.90, s 15.95, s
9b 1251 1255 9-OH 15.95,s 16.06, s
10 171.9 171.9 14-OH 4.89, s 3.79, s

Wig Wi IR0 R VE P o S B T %5 (38 42

25 P BRI DR B (IR v 25 5 R AR ] FF 8K
JEMAER . R geit, FEAT KR BA 25 O E K R
R T SE 5 fE UG R SE A K AR . ey

A RAR T A BRI H X 223 51 1) B A 2 1 B IR

25 RARETDIT TU SR R A5 R RN R SRR
JRAE N G A 2 ) BB R — AT B R 2
PSR 2 ORI AR 5 W is PR B R Az 5
S A G AT BRAR EE, SR U 2R 6 T 5 1 35k BT B Y AT
A o o RN, DR A B R oo A R U A A

AW TT L5 SE R AT AR R DI R, FE 0 A %
Wb B0 25 DR A B, G L AR A B B R RO AR
YR R, SEBLE BRSPS AE M R,
M BRIAT 38 () 2 S R R o ) 5 il B 7 U R &
G5 KT B BER K R G A EUAE R IE LAY
SRV AR 22 [A 7 T L AT B SR AL 95, 1% 28 GE A v B A IR
AT Z R RN & T, BRAERE, JF R RIE
1 H P2 A RTINS A5 301 1 A AT Bt &4
FOR R R, Htk R R RS e TAN AR
O RIRFRIE R AL . FIZ ARG 1
Prew R A S EA R R, I HAZmE bk R0 £
TR AT AL R MR AT L0 TR DL R AT AL 4
R, SN E SIS R WG 2 RN % E
2H o MR A R R AR E LB 7R L, AR L & T
Bl o DR, % B ARAT T R B b TR PR PR 0, 08
AT BRI B AR IR O TR . WARES G
JR BT HE IR A B IR M R ST, A
BB RETAR RGN ', B2, AT
ANE AR R 245 FH TR YT B T 2 BRI AT R 1
AL, A & A AR R SR IR R

g ol QX M 2R (BN A B S (o s 1y
S Vvt 2k PR A% S YRR A2 TR R P A S MR D A SR B
2, AR FORL R R AR PF S o i AT R L EEYD KT
T3 ) 5T SCHR IR R I B RE B, A L A3 B ot B
IRZRIE R G AL LSBT AR AT SR 2444 RSB 5 A A
WA E Al 5T SR B, RS 512 0sE.

FURRSE: ASTIIHTTT A AR TCARATA 28 00 5
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