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Mining and identification of a biosynthetic gene cluster
producing xanthocillin analogues from Penicillium
chrysogenum MT-40, an endophytic fungus of Huperzia serrata

WANG Wenjing, ZHANG Beibei, ZHANG Mingliang, ZHANG Zekun, WANG Yang,
GE Xiangyu, DU Yu, ZHANG Xiaoxue, LIU Xiao, WANG Juan, WANG Xiaohui, SHI Shepo*

Modern Research Center for Traditional Chinese Medicine, Beijing University of Chinese Medicine, Beijing 100029,
China

Abstract: Xanthocillin is a unique natural product with an isonitrile group and shows
remarkable antibacterial activity. In this study, the genome of an endophytic fungus Penicillium
chrysogenum MT-40 isolated from Huperzia serrata was sequenced, and the gene clusters with
the potential to synthesize xanthocillin analogues were mined by local BLAST and various
bioinformatics analysis tools. As a result, a biosynthetic gene cluster (named for) responsible
for the biosynthesis of xanthocillin analogues was identified by further heterologous expression
of the key genes in Aspergillus oryzae NSAR1. Specifically, the ForB catalyzes the synthesis of
2-formamido-3-(4-hydroxyphenyl) acrylic acid, and the ForG catalyzes the dimerization of
2-formamido-3-(4-hydroxyphenyl) acrylic acid to produce the xanthocillin analogue N,N'-(1,4-bis
(4-hydroxyphenyl) buta-1,3-diene-2,3-diyl) diformamide. The results reported here provide a
reference for further discovery of xanthocillin analogues from fungi.

Keywords: isonitrile compound; xanthocillin; Aspergillus oryzae, Huperzia serrata; endophytic
fungi
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¥k B FMAED . KRALSK, AR
Y5 LA &R ik o 8 T B, o H R i
P EAT RGER o B A AL SR S, X R E
GEE SR Nl A P v e B T R O
+, (B PR Rl K A (R B B AL S5 a1k S

&: 010-64807509

Y EE s Ak, bl R 41
JFFEARM R LR, CA BT 7 iE Y
PRI e 50 A] DA AR B, BT Ak TR 2 3R e 42 4
(18 KSR 7= ) voi R e B R e 7 B o D) (EAS I
B, XRAEYR R A 9T b 23,
C TR B Al A P vk A A = 0 A A R TR
(biosynthetic gene clusters, BGCs) ' # i 90%F)
FEMI R AR A X — PR ] RE S T A ik
AR R A3 Uk AR A 7 0 18 7 A R A AT b
B RN AE I I AR A N, SR
X I PR R AR B RS B0 = B R 4 T R 2R 0T
BRol g 2R, MO AR ME AL G 0 K T
PEUr M kB, Wik, T RNAEEZ
P, 56 RERIBER, #HRX 90%LL ERHH

B<: cjb@im.ac.cn



3816 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

i BGCs 177 W) h KR Wit 5% 18 75 1ol o

Xanthocillin & — 7% A 515 3 B A A/ — B
(—N=O)IRIRF=H), 1950 4F 14 1 M il 1 5 14 45
S5 8 7 (Penicillium notatum) Fh 7 g5 45 31171 2
J5 75 HoAth EL T 21 Penicillium egyptiacum™ | 7175
%% T& (Penicillium commune)® . B 9 i BB
(Cordyceps brunnearubra)'” % 3 & B T
xanthocillin J¢ H: N-HBESERT A= ¥ . WFSE D]
xanthocillin HA T REHTEE 1, 10 H X 4R
VG bR 1 45 B €9, 75 25 3R 7 (Staphylococcus aureus
Mu50) J Z 24 245 1) 2 A 3 #1141 (Acinetobacter
baumannii) AB5075 1%/ H 2 g (MIC
374 1 pmol/L)™; xanthocillin FI£74: 4 Xanthocillin
X dimethylether (XDE) A IfiL /M A 5 2 32 1484 3
FIUA, 55K AR = W IR (0 45 4 B
HAY) & AL 32 3 56T . 2005 4F Brady HBA
M eDNA (environmental DNA)H & | FINE &
fitg Tsn A", Bt 5 AN 2B T — R A2 A
fitf 4 Pve A" | AmbI1/AmbI2M" | Well1/Wel12!'®!
&, 2018 AFAIFSY 722K B A Hh 2 (Aspergillus
fumigatus) AF293 A FL T XanB F 1 KM T
xanthocillin A& B, FIREHEIL SIS
I A s, 38T A% B -5- B B2 (ribulose-5-
phosphate) )2 55, 1E 5 Jiig B b i J5t - 4 1t
A, X RIEREA TR type T RIS IE A B
2017 4, M5 1# (Streptomyces coer uleor ubidus)
HR BT AR 2~ I R (Fe/20G) ik i H
AR RIETRE R IBK . BRTIE ST E 2 14
LR ScoE”, 8 S A B A Rv00977%
SfaAlP'V4E | W EEFR N type TRISEIE A, BR
T xanthocillin Z 4k, HEABEA AR K
SRR 2 TR R Y R AL 32 3
Iz

PREZE A A0 A A2 b o s gl Ak R 2k
WA R, JF 4 B A B — R A S5 1 5 50
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=P, % LSRR EY, d—
XIS IR T RE NN, A RN A
B P. chrysogenumMT-40 H% 74—~ xanthocillin
AW LR R 5 xan [R5 e ) B PRI for , 4
IRIZIEF AT 7] A B xanthocillin J{U4, (H AT
REHI TR R MUE I, ABEIE R KRB ok &K%
YEH o 4T xanthocillin S LAY BhR: ) 2540 J
WG, A SCES A K il B (Aspergillus oryzae
NSARI1) 5 IR FE % for BYLNREHATHISE
S5 RI for FERFE Y forB Fifith 2 11 RE WM
fE A= i 2-formamido-3-(4-hydroxyphenyl) acrylic
acid, i forG ZwhaE W 1 5i4#E{L 2-formamido-
3-(4-hydroxyphenyl) acrylic acid i} — R4k, 4 1l
xanthocillin f{74E%) N,N'~(1,4-bis (4-hydroxyphenyl)
buta-1,3-diene-2,3-diyl) diformamide.

1R

1.1 EPRFARRRL

SCIG R P. chrysogenum MT-40 432 H
2015 4 7 JTEAR A4S F P TR AE R e R AT 42,
28 ITS tDNA W7 IF45 G BN B2 A4
E MR EE P. chrysogenum (GenBank % 55
5. OM570313); K% #F 1 (Escherichia coli)
JRZ MM Trans1-T1 W B At 2304 Y4
RIS A BRZS 7] 3 A. oryzae NSAR1 KA %Kik
KL AR 5T K2 Tkuro Abe ZFZIE T .
1.2 SR F

% PCR {X(Eppendorf /A #]); UPLC-Q-
Exactive-MS Z 4t : UltiMate 3000 %Y = 50 A1
%Y (Dionex 24 wl) . PUBAT# HL % %0 18 B v 2
P I% (Thermo Fisher Scientific /A H]); Agilent
1260 43 M 7Y S AGRAH (01 [ (Agilent 23 F] ) ; LC-20A
T il 5 S BN G {U(SHIMADAZU A 7));
ODS k145 #: (SunFire™ €18, 10 mmx150 mm,
5 um); Varian 600 ¥4 L 4R (Y (Varian); fEIE$E
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PRAES AN 28 T ARl B R A PR FD) o

FLA AL A $2 BGa5R & : HP Fungal DNA
Kit (OMEGA, #t5: 00D3195010000B215029)
g H OMEGA /A ) ; fF {5 L 24 : Phanta®™ Max
Super-Fidelity DNA Polymerase (Vazyme, it :
d17E2241DA) . Phanta® Super-Fidelity DNA
Polymerase (Vazyme, fit5: d17E1203KA)., Jo4%
yabEiifl & : ClonExpress Il One Step Cloning Kit
(Vazyme, 65 : 017E2232CA)¥IH [ 75 T34 ME
B R EAT B A |5 BRI DI QuickCut™
Kpn 1 (TaKaRa, ft%5: AL52544A)K Yatalase
(OZK, #t5 . AL6P020)4I H 5 H B A8 A
AL AR AT .

T % 228 5 M B8 (potato  dextrose agar,
PDA); FE 8k (g/L): + 5 200 (FE Ui, &b
30 min JEZb AT 8, WCAEIEWR), AR 20, M
¥ 22 B & A R IR 32 BUY) (dextrin polypeptone
yeast-extract, DPY) 55 723 (g/L): ZHREH K 10,
BERHREUY) 5, WA 20, KH,PO, 5, MgSO,-7H,0
0.5, M i 115 35 3 (g/L) : NH4Cl1 2, (NH,),S0,4 1,
KC10.5,NaCl 0.5, KH,PO,4 1, MgSO4-7H,0 0.5,
FeSO,7H,0 0.02, D-ILZLEE 218.6, #%iH 20,
pH 5.5, FJZBUE 0.6%, FIZBUE 1.5%, HiE
Ve mORL, 4> BIIAFHR IR, B A Bk
pTAex3 BHIIA 0.15% L-F B 2R .0.01 %R BE0E ;
SRR pUSA BHIIA 0.01%FRBEE . 0.1%K
R . EL G 7 3L N M (Czapek—Dox+starch,
CD+starch)}5 55 5 (g/L): Al VATEVEWS 20, 28
R 10, KC12, NaNOs 3, MgS04-7H,0 0.5,
KH,PO, 1, FeSO,7H,0 0.02, pH 5.5,

K B i Yo S AR iR . YRR 0
(200 mL): Zh3MZ 1.16 g, i NaOH i pH 5.5;
EEYLZE MR 2 (400 mL): D-11FLAEE 874 g,
CaCl,-2H,0 2.94 g, NaCl 0.82 g, 1 mol/L Tris-HCl
(pH 7.5) 4 mL; FYLZZ v 3 (200 mL): PEG4000

&: 010-64807509

60 g, CaCl,-2H,0 0.74 g, 1 mol/L Tris-HCI (pH
7.5) 1 mL; Rz P 1: Yatalase 0.1 g,
(NH4),S0, 0.79 g, JH 10 mL #5428 ik 0 i .
1.3 P. chrysogenum MT-40 ££ [E|2H DNA £y
EE. MFEEMEERFEDH

% P. chrysogenum MT-40 $/ T PDA 1335
%, 28 °CIEIR, 180 r/min #R¥H S 3 d. i
Il R R 22, FIRAE 28 K5 2 ik
G SRR AL TR PR U [ 4 DNA, Bl f5
P4 DNA ST TAY TR (B RG A
FRZy ], F A Ilumina Hiseq 2500 &4 if114>
HE LR ZH HEZE BT )

W D P DR 28 s T A b S AL A ST
BLAST %48 %, FH#xif))¥ 51 (query sequence)ilt
17 BLAST 82 o 48 2% 3] 1) o 3 ik PR 7 1) A 1
74 4% % 2ndFind ¥ (https://biosyn.nih.go.
jp/2ndfind/), 2 B8 I 4 B0 12 v 0 28 TR
NCBI ZICHH 2 %F 5 DR (%) FF 5 5] 132 A 1R 4 5 e %o o )
i DNAMAN 9.0 #17 [6] #5057 51 Feoxt s ad i
MEGA 7.0 ¥4 #48$#% (neighbor-joining, NJ)Z
Gt b, PEARER AT ECR AR IR 7,
bootstrap & K%L 1 000 1K,

1.4 EBHRNNEE

DL 1.3 Prik e py 2L 41 DNA it , H
=1 519F 553 5% 3 A forB forG 4T3,
P 1% 3 R W68 e F, DRS00 ' [ i ik H b
HFJFH L in fusion 337 65 Bl A Ak
pTAex3 .pUSA 1, BfiJ5 AL & Trans1-T1 E. coli
JRZ YN, Ki3: 12 h J5 BB v B A 7 i 7%
PCR %7€, BAPETR & A TI0 Y otk JC 58 $
JEURE 453 H 40 JFUkE forB-pTAex3. forG-pUSA,
FF-20 °CH H .

1.5 KBhE A. oryzae NSAR1 J&4 RIKRAY
il & R AL
M DPY VA Hk KT fif i oK th 2, 4R T
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Table I Primer sequence used in this study

Primer name Primer sequence (5'—3") Size (bp)
pTAex3-forB-F TCCGAATTCGAGCTCGGTACCATGGCCAACTTGGCACCAG 40
pTAex3-forB-R TACTACAGATCCCCGGGTACCTCAATCACAGTGAATTCGCCAC 43
pUSA-forG-F TCCGAATTCGAGCTCGGTACCATGGCCTCACCATCCATATTCC 43
pUSA-forG-R TACTACAGATCCCCGGGTACCTCAGTGTATACACGAAGACTCCAACTC 48

The underlined sequences indicate homology extensions.

%A 15 mL 1 DPY 353 4Eh, 30 °C. 180 r/min
Rig% 2 dJEE A 100 mL /Y DPY R 3R K5
1 d, B30 mL A4 MK, ZJCrEBREAR
UE L SR 22 TR 1 FPIRE, 30°C,
50 r/min WFE 3 h, FELIEEMWR, B
1 500 r/min Z5.0> 10 min, 3% F¥§, A 15mL #Y
oMK 2 EEEAA, HIRELL, BE
2-3 RE M M TR R 22, H 4-8 mL
MR 2 EEJEA A, IR T
JEU A AR R Ky 1-5%107 F TR Je s

1] 200 pL JEUAE BRI H I 10 pg 45
#i, K 30 min J543 3 YKHILA 250, 250, 850 uL
RS QL il 3, BT RBIRS), iR
B 20 min J5IIA 5 mL (%YL 2% il 2, SRR
57,1500 t/min #5.0> 10 min, 3 F3§ . filA 200 pL
EYLZE MR 2, WATIRS), WA T )2 M ik
Begrdkrp, SRR IA 5 mL 50 °CHRIEAY b
JZ M kR, e R EhE ST, R ER
T 7253 BE I, (BB T 30 °CHEFRAR . 1
F% 3-7 d, PhPAMEERER E AT A S D-1hAY
BER TR R R 5L B ARAC 1-3 Ik, REIRENE
HEMR . B HAERNT PDA SEAUIGIREE, &K
2-4 JHZEREA R ER AT, FHICREK
Ve AR R I, GRS SRR 50% 1
HIRA, IR T-80 CCUKA K17 .
1.6 KHIE A. oryzae NSAR1 EHFEHKAY
A BrtE A R 8 LC-MS 747

W5 B 2 R Rl 2= 5 20 mL (1) DPY 15 55 4k

http://journals.im.ac.cn/cjben

) 50 mL 25045, 30 °C. 180 r/min ¥k ¥ 15 37
2 d J5 R BUREE 2 0 BT 2L N EOIRAS 43
BAT 100 mL # CD+starch 535560, 30 °C.
180 r/min ¥55% 35 d. W¥EFRIF I E A R L
AT IR - hg, TERZSWER. W)
CERHE@HAILRE, S8 2Kk, &
FH 4 ORI 8H He 47 Je FH T B o b s TR
LM O CBEFEI 3 K, &I A BOR I
FEe AR e FH T 1 525347

UPLC-Q-Exactive-MS 71 &4 . Ak 5
4. Waters T3 {4j%4#E(50 mmx2.1 mm, 1.8 pm),
FER 40 °C, FEhHN 0.1%H BR/KIE K (A)- 2
(B), FEEEWEML: 0-10 min, 5% B; 10—20 min,
5%—40% B3 2035 min, 40%—80% B; 35-40 min,
80%—95% B; 40-50 min, 95% B; ik N
0.3 mL/min; #EFEEER 2 plo JTiGac0F: HImE
%5 B IR IE B R AL C(EST) s 25 IR HL R
3.5kV; BESURAE 250 °C, #5 U A 35 L/min;
BT IR EE R 350 °C ;M A B AU R
15 L/min; 24N 300 Vi FESHA;
i R AL E vz 100-1 100, % FH2 4 7.
fifi 1 Xcalibur 4.3 TAERS #4744 A0 3

2-formamido-3-(4-hydroxyphenyl) acrylic acid
(Dol e . EA MR R B 1.6 I
T EARBUS 1S RIHLERY) 600 mg, £ Sephadex
LH-20 AT g @emin . FE s, 585
REHA 60 mg, FL MRS RAH[ZNE-K
(8:92); 3.0 mL/min}/E54lifbA5 215 1 (1.2 mg).
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2 EREGHN

2.1 P. chrysogenum MT-40 £ XA F B
E S EBIREERNIZHE

FF Mllumina Hiseq 2500 RS E1 75 K24
HEZRIERE, R SPAdes o —ACIN 5 #4T
PHREILAS3] 123 4> contigs, BAKEEZN 48.9 Mb,
DU EEST A P. chrysogenum MT-40 J K 2H %5 s
JE., DA A fumigatus AF293 ' xanthocillin 4= 9] &
BT XanB (GenBank 5% %5 : Q4WED9)
DL S 2 v 22 M S5 16 5 B PveA (GenBank %

S5 NP 250944), IsnA (GenBank &3%%5:

CEK22193) A 25 if]J7 51 (query sequence), £ A4 %
AR AR M BE DR A HHie P28 P i i BLAST #E47 ] 9
PEIE R, Ki & 3 contig 16 H 548 140 85 1 [A)
JE)¥5, w4k ForB. [RAIVR X & B ForB 5
XanB Z LA R 78% (K 1); ZEH3RAHr
K IBIF XanB —#f, ForB 40 & — ARG 3G
T it R 28 T 45 K 3 Fll— 4~ Fe(I1)/2-oxoglutarate
(OGS AU A e ZE TR A AR (B 1, K1 2A),
&/~ ForB Al fE#f 2 IsnA (4L L-tyrosine 5%
P -5- W R 41 5 TF 1571 25) A TsnB (fiE BB FR

FE MT-40 F xanthocillin B EME B EERISEREE 3819

ForB . . ... NANLAPGABI VPTTFIEP. . . KBGNGI §SLB. . . . . . .. 27
XanB M AVLQNPQNAAI S YSGEPQEHNLLGS YETKAPNVETSEI AASSSS SEAPIDLAEE NEASI QQPLEVERHEQPAAS 80

ForB . ... NeNPNCKNVI ENVEVR. . I§GYDY. . . . . PANTPNENVI KQQ INGSIBAP. . . 13S SHT LKT RII|I1Y 93
XanB DNTRS[ELDI PP\YTVSEPQS SCNEL VENKE AVPNTF KDEGKETKADP SHLIBSTEABETT NSPI MIBIDYAT AL KVI18 160

ForB S SNKEFER) Ao R SR N 1| PAFPFKS PN/ / PIDYGEEL ALY RENRAR 173
XanB INYEKNGES WO GHISFIEPH J QNN RN L PAFPFKS PNARBKVL QY\NPD L ALNHI CR\WMEIY 240

ForB ILGVPDETVWBYGEILR JJEKEL HHVKFIJRLFELLEHP S A S@BNNAY 253
XanB €K .GVPDETVWYGER'LR EKELHHVKFJRLFELLEHP S RRE LEepAi]

____________________________________
Isocyanide synthase domain

ForB N@¢SI AEP [ T JI\CNDTCLT YRGYIJKFL TKDL ASIBSIND)S I\I; X X I AA/ R 333
XanB AR(RIYEID RSICNDTCL T YRGYIKFL TKDL AOW DSOS KINAR JAARM AA/ 399

ForB \JNBNIL ISIN ATPWHS|S GLIDES YR I§YKNGQP|YYFREKSH] D\\“E 413
XanB (YNNI ISISNINE. 1 QYLG WHSISIGAVID) I‘TLIE R LAY YKNGQP|YYFREKS DAL VIZIDE 479
ForB I8S 1 CGLIJIRPERDIIDNY PSIRSIYPMIKVRQL S Pl METLIZ KEGEI GNLPWSFIGIN QRS
XanB | Elg CGLIJIJRPND S Il SHL T P QNASIEETI BNy el Il [0 559
ForB 1:4%YNBNEit S[NE ANP DGMFKF TDP)2 K PGYQFFTCPATAPKG ASSRLFFR YLEGREES
XanB QYDA SINE ANP DGMFKFIREIRTDP) V] PGYQFFTCPAT APKGY ASISRLEFFIR 639
Dioxygenase domain
ForB B AMIAL SNCNDGEFWDAKLKNLINL)E 'VSJGLPQOBRWHQPMWDSTKTKFSTOBVTI 'VKI \UBRI I p4BNY 653
eV PVWTIERL OKVT WENDUNDGE WDAKL KNLIGLAYVIZHP VINGL POYRWHQP WDS TKTKFSTC”\“'TI AS L TReRNY 719
ForB AY@BNI ANZKEIDBRANIDNWINRS IV S DeDINARIANIISC 694
L EV IR VCLRENWEOGDLL VSDNTAMNLHTRTGYISUWOREL WRIJH3 760

1 ForB 5 XanB S EEF5REIRLL XS B 45415 0 4

Figure 1 Amino acid sequences alignment of ForB and XanB and domain analysis.
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KAEIE ORI LIRE, ELEAEfL L-tyrosine A FF(A oryzae). 1 [iE (Aspergillus terreus)tE =
L-tyrosine isonitrile FIFR " MI(E)-4-(2-isocyanovinyl) 4Rl , X Jk PRI b &S5 PR 4 T8 B 12 HE (open
phenol. 5 EHIINRER) TG A A ELE LA (K] 2B), reading frame, ORF) }z DI REHEA T F 40 #7, 45 4R
KB ScoE 5 Rv0097, SfaA =/~ type I RNE IR contig 16 F{UEF 5 5% A ORF, HIE
G EFETERAAMAY—3Z, T ForB & XanB 5 type I [KIFRZH A S HE 7% xan —SbERsm (& 2C), FEA
B 5 & WAk T — 32, #2718 ForB [A] XanB —#,  #H % xanA, xanB., xanC. xanD. xanG fJ[r]
o4 type 1 RIS NE S . ¥ contig 16 IR ¥ TEFH , [RIR BT R D REF (6 2)# s 13k R ik
Y 4% %) 2ndFind ¥, P 2 (Aspergillus R AT BE H A 45 A xanthocillin 5074 ¥ SHRE, A
fumigatus) . 144 {15 (Aspergillus nidulans). Kl 4K for.

A B 100 I:Ambll
100 Well2

—— Isocyanide synthase (IsnA) ]—‘M 86 - @25[}2

on o OH - PvcA
B IsnB) Ditl
—  J 63 XanB
HN*"COOH N oo N il
Rv0097
L-tyrosine L-tyrosine isonitrile (E)-4-(2- |

isocyanovinyl)phenol T 100 {s;(f

{3 < > (——
for cluster N—
et =

B

[socyanide hydratase 8 P450 monooxygenase Conserved hypothetical protein DUF4149 domain protein

Transcription factor [l Methyltransferase I Two-domain isocyanide synthase-dioxygenase

2 EMERESN

Figure 2 Bioinformatics analysis. A: The isocyanide synthase (IsnA) and dioxygenase (IsnB) domains in
ForB. B: Phylogenetic analysis of classic isocyanide synthases. C: Schematic representation of the for and
xan clusters.

#*2 EFRE for & E R RIThRETUN K Bl F 5 X 45 R

Table 2 Function annotation of the individual gene in for cluster and their homologies in the known xan

cluster

Gene Length (aa) Protein homolog Identity (%) Deduced function

forA 234 XanA (A. fumigatus) 56 Isonitrile hydratase-like protein
forB 695 XanB (A. fumigatus) 78 Isocyanide synthase

forC 279 XanC (A. fumigatus) 39 Transcription factor

forD 173 XanD (A. fumigatus) 64 DUF4149 domain protein

forG 510 XanG (A. fumigatus) 63 Cytochrome P450 monooxygenase

http://journals.im.ac.cn/cjben
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2.2 E[FH# for & forB, forG EERITNAE
s 2=

T Se B4 Tk forB-pTAex3 #5 A A. oryzae
NSARI H, X133 PHM:FE AL A Bk A. oryzae/forB
AT RE SR A, 0 A W AT T 3 AT o
SIATEE RN, SN, HEAER AR
B 5 OROFH €61 (high performance liquid
chromatography, HPLC)Ej& IR Z H 1 4~r=
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Figure 3 Compound 1 produced by the transformant Aspergillus oryzae/forB. A: HPLC chromatograms at 309 nm.
B: UV spectrum of 1. C: MS spectrum of 1. D: MS? spectrum of 1. E: Proposed MS fragmentation pathway of 1.
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(nuclear magnetic resonance, NMR)E(#& 11714
J& : 6 8.16 (1H, s, H-10)/8.14 (1H, s, H-10), 7.40
(2H, d, J=8.0 Hz, H-5, H-9)/7.39 (2H, d, J=8.0
Hz, H-5, H-9), 7.32 (1H, s, H-3)/7.21 (1H, s,

H-3), 6.79 (2H, d, J=8.0 Hz, H-6, H-8)/6.78 (2H, d,
J=8.0 Hz, H-6, H-8); dc 167.8 (C-10)/163.0 (C-10),
159.4 (C-7)/159.2 (C-7), 132.6 (C-5, C-9)/132.4
(C-5, C-9), 131.7 (C-3)/128.0 (C-3), 127.5 (C-4)/
127.2 (C-4), 116.8 (C-6, C-8)/116.4 (C-6, C-8).
A iR NMR 8, #ENLGY 1 gt
2-formamido-3-(4-hydroxyphenyl) acrylic acid,
Hrp 6y 8.16 (1H, s)/8.14 (1H, s)E (55 XTI
Sc 167.8/163.0 Mtfs5, A&ty N-H LX)
I SRS S NMR 35 3w 2 IR
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H—L UL &Y 1 B9%549°% 2-formamido-3-
(4-hydroxyphenyl) acrylic acid.
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