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Abstract: Catechol (CA) is an important chemical and pharmaceutical intermediate with wide
applications. At present, CA is produced by phenol hydroxylation with non-renewable
petrochemical resources, which causes serious environmental pollution. Hence, the biosynthesis
of CA attracts much attention recently. However, due to the low activities of protocatechuic acid
(PCA) decarboxylases, the production efficiency of biosynthetic catechol is too low to meet the
requirements of large-scale industrial production. To improve the yield of CA, we screened 21
PCA decarboxylases from different species. RDAroY originated from Rikenellaceae had the best
catalytic performance. The whole-cell biocatalyst ER11 with RbAroY was able to produce CA at
a titer of 13.54 g/L. Then, the online tool HotSpot Wizard was employed to measure the enzyme
stability, which revealed 10 potential mutation sites causing significant decreases in Gibbs free
energy. The whole-cell biocatalyst ERTO1 with the mutated RoAroY®*** could produce CA at a
titer of 15.16 g/L, which increased by 12% compared with that of the wild-type whole-cell
biocatalyst. After optimization of the biocatalytic conditions, the whole-cell biocatalyst ERTO1
was able to produce CA at a titer of 25.70 g/L with PCA as the substrate. Finally, with the
fermentation broth of 3-dehydroshikimate as the substrate, the whole-cell biocatalyst DER03
expressing both 3-dehydroshikimate dehydratase and PCA decarboxylase realized the production
CA at a titer of 29.55 g/L, which is currently the highest biosynthetic titer reported. This study
provides a reference for the industrial production of CA by biosynthesis.

Keywords: biosynthesis; whole-cell biocatalysis; protocatechuic acid decarboxylase; catechol
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Figure 1 The biosynthetic pathway of catechol in
Escherichia coli. PPP: Pentose phosphate pathway;
pgi: Glucose-6-phosphate isomerase gene; galP:
Galactose permease gene; glk: Glucokinase gene;
tktA: Transketolase I gene; quic: 3-dehydroshikimate
dehydratase gene; aroY: Protocatechuic acid
decarboxylase gene; pyk: Pyruvate kinase gene;
aroF™: Feedback relieved 3-deoxy-arabino-heptulonate
7-phosphate  synthase. gene; aroE: Shikimate
dehydrogenase; E4P: D-erythrose 4-phosphate; PEP:
Phosphoenolpyruvate; DAHP: 3-deoxy-arabino-
heptulonate 7-phosphate; DHS: 3-dehydroshikimate;
SA: Shikimic acid; Phe: L-phenylalanine; Tyr:
L-tyrosine; Trp: L-tryptophan; PCA: Protocatechuic
acid ; CA: Catechol.
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Table 1 Plasmids and strains used in this study

Names Relevant characteristics Sources
Strains
Escherichia coli F-, ompT, hsdSg(rg -mg "), gal, dcm(DE3) Beijing Tsingke Biotech
BL21(DE3) Co., Ltd.
WJ060 DSM 1576 P1-aroE'C P2-aroF™ AtyrR P4-tktA Aptsl P1-galP P4-glk  [14]
P1-pykF™™® P1-pykATTS P1-pgiT™C
DERO02 BL21(DE3) AldhA::P4-ubix This study
DERO03 DERO2 harboring pRSFduet-quic-RbaroY®** This study
ERO1 DERO2 harboring pET30a-EkaroY This study
ERO02 DERO2 harboring pET30a-EmaroY This study
ERO3 DERO2 harboring pET30a-EraroY This study
ERO04 DERO2 harboring pET30a-EdaroY This study
ERO5 DERO2 harboring pET30a-EspAaroY This study
ERO06 DERO2 harboring pET30a-EnaroY This study
ERO7 DERO2 harboring pET30a-EharoY This study
EROS DERO2 harboring pET30a-EspSEaroY This study
ER09 DERO2 harboring pET30a-ElaroY This study
ER10 DERO2 harboring pET30a-EspSGaroY This study
ER11 DERO2 harboring pET30a-RbaroY This study
ER12 DERO2 harboring pET30a-CsaroY This study
ER13 DERO02 harboring pET30a-AlisaroY This study
ER14 DERO02 harboring pET30a-GmaroY This study
ER15 DERO02 harboring pET30a-GkaroY This study
ER16 DERO02 harboring pET30a-AzcharoY This study
ER17 DERO2 harboring pET30a-AcsiaroY This study
ER18 DERO2 harboring pET30a-PAcaroY This study
ER19 DERO2 harboring pET30a-TharoY This study
ER20 DERO2 harboring pET30a-PsparoY This study
ER21 DERO2 harboring pET30a-EcaroY This study
ERTO1 DERO2 harboring pET30a-RbaroY®** This study
ERT02 DERO02 harboring pET30a-RbaroY??>*8 This study
ERTO03 DERO02 harboring pET30a-RbaroY-'%F This study
ERT04 DERO02 harboring pET30a-RbaroY®*V This study
ERTO05 DERO2 harboring pET30a-RbaroY™"" This study
ERTO06 DERO02 harboring pET30a-RbaroYs''”? This study
ERTO7 DERO02 harboring pET30a-RbaroY" !¢ This study
ERTO08 DERO02 harboring pET30a-RbaroY 276 This study
ERT09 DERO02 harboring pET30a-RbaroY536%4 This study
ERT10 DERO2 harboring pET30a-RbaroY3*7% This study
Plasmid
pET30a pBR322 kan lacl Shanghai D&B Biotech
Co., Ltd.
pRSFduet-1 RSF1030 kan lacl Beijing Xinbosheng

Biotech Co., Ltd.

http://journals.im.ac.cn/cjben
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Names Relevant characteristics Sources

pRSFduet-quic-RbaroY®*  RSF1030 kan lacl P1-quic P1,-RbaroY®4 This study
pET30a-quic pBR322 kan lacl P;-quic This study
pET30a-EkaroY pBR322 kan lacl P;-EkaroY This study
pET30a-EmaroY pBR322 kan lacl P-EmaroY This study
pET30a-EraroY pBR322 kan lacl P;-EraroY This study
pET30a-EdaroY pBR322 kan lacl P;-EdaroY This study
pET30a-EspAaroY pBR322 kan lacl P;-EspAaroY This study
pET30a-EnaroY pBR322 kan lacl Pr;-EnaroY This study
pET30a-EharoY pBR322 kan lacl P;-EharoY This study
pET30a-EspSEaroY pBR322 kan lacl Pr;-EspSEaroY This study
pET30a-ElaroY pBR322 kan lacl Pr;-ElaroY This study
pET30a-EspSGaroY pBR322 kan lacl P;-EspSGaroY This study
pET30a-RbaroY pBR322 kan lacl Pr;-RbaroY This study
pET30a-CsaroY pBR322 kan lacl Pr;-CsaroY This study
pET30a-AlisaroY pBR322 kan lacl Pr;-AlisaroY This study
pET30a-GmaroY pBR322 kan lacl P,-GmaroY This study
pET30a-GkaroY pBR322 kan lacl P;-GkaroY This study
pET30a-AzcharoY pBR322 kan lacl Pr;-AzcharoY This study
pET30a-AcsiaroY pBR322 kan lacl Pr;-AcsiaroY This study
pET30a-PAcaroY pBR322 kan lacl P;-PAcaroY This study
pET30a-TharoY pBR322 kan lacl P;-TharoY This study
pET30a-PsparoY pBR322 kan lacl Pr;-PsparoY This study
pET30a-EcaroY pBR322 kan lacl P;-EcaroY This study
pET30a-RbaroY®*A pBR322 kan lacl Pr,-RbaroY®”A This study
pET30a-RbaroY’?**E pBR322 kan lacl Pr,-RbaroYP***F This study
pET30a-RbaroY!!6%F pBR322 kan lacl Pr7-RbaroY-'F This study
pET30a-RbaroY®*V pBR322 kan lacl Pr7-RbaroY®*W This study
pET30a-RbaroY™"P pBR322 kan lacl Pr;-RbaroY™*’" This study
pET30a-RbaroYs!'”? pBR322 kan lacl Pr-RbaroYs"'”” This study
pET30a-RbaroY 69 pBR322 kan lacl Pr,-RbaroY''¢¢¢ This study
pET30a-RbaroY?7¢F pBR322 kan lacl Pr7-RbaroY"?7¢" This study
pET30a-RbaroYs3604 pBR322 kan lacl Pr-RbaroY3*%4 This study
pET30a-RbaroY3704 pBR322 kan lacl Pr-RbaroY3*7%4 This study

FR/\H] . DNA %A, TransStart FastPfu DNA
KA A LSS Y EARARA A ;

KOD One DNA A& A atE R v EYE
FA PRI w]  Jod so i G0 A st e
R B O A RN ) o e IR A SR X5
& A ks HEE L A YR A FRA F K
¥ BL21(DE3)IA A At 5t R A= W Bl B B

&: 010-64807509

FRAF . Bk pET30a W B _FIg W HIZE YR A
BT, Bk pRSFduet-1 14 [F At 5T iR IEE A 4y
FHEABRAF]
1.1.3 EHFRE

LB H7E5 M NBS K53 342 2% SRk [13]
Bl

WEWE LB B5973k(g/L): BERHEH) 5.0, &
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% 10.0, EEBE 100.0, [P 78 0 B ¥
15.0-20.0.

K EE 4 o M A AR ) 8 3R (g/L) -
K,HPO,-3H,0 7.5, MgS047H,0 2.0, (NH,),SO,4
1.6, FeSO47H,0O 0.075 6, Citric acid 2.0,
MnSO,-H,0 0.004 5, Na,SO, 0.02, ZnSO, 0.006
4, CoCly-6H,0 0.004, CuSO,-5H,0 0.000 6, [#
BERIC 5.0, A 10.0, Hil 40.0.

1.2 73
1.2.1 EFEEEHFE

PLR A BL21(DE3) M & Hikk, FIH
Red [R5 8 A5 AN B I H A 2 KIGHF#
LR R 55— LS 60 bp [R] IR
[ cat-sacB i F Bk A 2R H A, TR A
R B E R BRASEIEA, AT
a4t — 1 cat-sacB. B 4tLh cat-sacB F Bl
F&H, 1dhA-cat-sacB-F #1 1dhA-cat-sacB-R /5|
Yy B s — A AR A A B, 1 BOAH T
JEA R 1dhA, LLRIGFF# BL21(DE3)AH A
AR, Up500-1dhA-F A1 Up500-1dhA-R K54
3R Br A5 LA M1-93 AR, PM1-F Al PM1-R
JEIYY R B B LA ubix MARHR, ubix-F F
wbix-R NI WY B C; UK HE
BL21(DE3)& 41 MR, Down500-1dhA-F Fl
Down500-1dhA-R 5[4 38 F B D; DL BL AL
B. C 1 D A#i#t, Up500-1dhA-F 1 Down500-
1dhA-R N5 |1 153055 — D R A R B E,
B & A BRI M1-93 FIEER ubix,
TR — A 1 cat-sacB F B, 1531 B
Pk DERO2, #HCHIH) L3R 2.

122 FRhiE

LA EcAroY (GenBank &3¢S : ADF61496) K
iR, 7E NCBI Zdis % it BLAST, #EHUL
th 20 Z5 ) LR IR TR 2 IR P e st R A=
PR A A B2 w4 7% 55 P Ak Fn 4 JE T
G, IR PR SR 44 2 pET30a 24
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i) Nde I F1 Xho 1 fiFEIf7 a5 2 (8], $RA5 5 LASHR
IR AR il R R Rk A . RIS Tk ) 1
DHS i /K Quicl i i 3E K (AAC37159.1), &
FEA SR A W B A A BRA w R AT 4 JE R
A %5 2 pET30a 204 L) Nde 1 F1 Xho 1
YIGis 2z E, 3545 DHS JBKEEER Ak, L
pET30a-quic M54k , pRSFduet-quic-F Fil pRSFduet-
quic-R A51¥), 3B quic, K pRSFduet JFiki
| Fp-pRSFduet-F F1 Fp-pRSFduet-R 5 |44 1#155]
B, RS2 R pRSFduet-quic, SRR
JFiki pRSFduet-quic ff] Fp-F #1 Fp-R 5144 45
FH, LUAZRAER RoaroY®** J#iti , pRSFduet-
RbaroY“”’A-F #11 pRSFduet-RbaroY“**-R K5 |#]
P B, [RRE 475 2] 50k pRSFduet-quic-
RbaroY®* . DIfiki pET30a-RbaroY Nt ,
Fp-G99A-F Hl Fp-G99A-R N5 14y, 294 | Bl
TRANFRS , 54153 5k pET30a-RbaroY™™, [
B, 153 HA 9 ASFRARR TR
123 S£HpEYIENIERIDE

INF AR ZR - BRECER 41 K AT 8 SR B 75
o B 10 pL ZRAFEEF T 2 mL 5 50 pg/mL
RABE R LB 5k, 37 °C. 250 r/min 1
WEEFAE MR P B 400 uL 155 355
50 mL %7 50 pg/mL RABE R LB 585,
37 °C. 250 r/min 5557 % ODgy 153 0.6-0.8, JIIA
ZRE R 1 mmol/L {1y IPTG, 7E 30 °C. 250 r/min
TR 3.5 h; iIEFRRLS UG, 5000 /min
B0 5 min, WCERAHAED Ry 420 AR )

MR FR - 1E 15 mL — PR PR
TINA 5 mL &4 200 5 300 mmol/L PCA ] NBS
Rig# ik (pH 5.5, 6.0 5% 6.5), 1.0-5.0 ODgg HY44H
FIfEAESR], 10 mmol/L HTIRIMAR , 7E 30 °CHiFR4H
ST EE RN 12 h, BORER UL H PCA
CA M.
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Table 2 Primers used in this study

Primer name

Primer sequences (5'—3")

IdhA-cat-sacB-F
IdhA-cat-sacB-R

PMI-F

PMI-R
Up500-1dhA-F
Up500-1dhA-R
ubix-F

ubix-R
Down500-1dhA-F
Down500-1dhA-R
Fp-pRSFduet-F
Fp-pRSFduet-R
pRSFduet-quic-F
pRSFduet-quic-R
Fp-F

Fp-R
pRSFduet-RbaroY “°A-F
pRSFduet-RbaroY ®A-R
Fp-G99A-F
Fp-G99A-R
Fp-D253E-F
Fp-D253E-R
Fp-L160F-F
Fp-L160F-R
Fp-G394W-F
Fp-G394W-R
Fp-E97D-F
Fp-E97D-R
Fp-S117P-F
Fp-S117P-R
Fp-T166G-F
Fp-T166G-R
Fp-N276F-F
Fp-N276F-R
Fp-S360A-F
Fp-S360A-R
Fp-S370A-F
Fp-S370A-R

AAATTTTGTAAAATATTTTTAGTAGCTTAAATGTGATTCAACATCACTGGAGAAAGTCT
TTCCTGGTGTCCCTGTTGATACC
ATGAAAGGTCATTGGGGATTATCTGAATCAGCTCCCCTGGGTTGCAGGGGAGCGGCA
AGAATAGATACATCAGAGCTTTTACGAG

TTATCTCTGGCGGTGTTG

AGCTGTTTCCTGGTTTAAAC
ATTTCGCCAGACAAGCAG
CAACACCGCCAGAGATAACAGTGATGTTGAATCACA
TTAAACCAGGAAACAGCTATGAAACGACTCATTGTAG
TGCAGGGGAGCGGCAAGATTATGCGCCCTGCCAGCG
TCTTGCCGCTCCCCTGCAAC
TGTCTGTTTCGCGGTCGC
ATGTATATCTCCTTATTAAAG
AAGCTTGCGGCCGCATAATG
TAATAAGGAGATATACATATGAAACTGACCAGCCTG
ATTATGCGGCCGCAAGCTTTTAACGCATTTTAACTG
CATATGTATATCTCCTTC

TAATCTACTAGCGCAGCTTA
AAGAAGGAGATATACATATGGAAAACAACAACCGCAAAG
AGCTGCGCTAGTAGATTATTTTTTCATCCAGTCCGG
CTCGCCCATGTGTTTCGCTAATTCTCTTGC
GCAAGAGAATTAGCGAAACACATGGGCGAG
GTTTAACTGTAACTGCTTCAACCAGTTCAACACC
GGTGTTGAACTGGTTGAAGCAGTTACAGTTAAAC
CCGGATCACTACCAAAAACCAGGCCCATAC
GTATGGGCCTGGTTTTTGGTAGTGATCCGG
GTTCACTATAAATCCAAAATGCCATCAGTG
CACTGATGGCATTTTGGATTTATAGTGAAC
GTGTTTACCTAAATCTCTTGCCGGTGCACC
GGTGCACCGGCAAGAGATTTAGGTAAACAC
CACAGTGCTTTACTCGGATCAACGAAAACC
GGTTTTCGTTGATCCGAGTAAAGCACTGTG
CATCGGTATGACCGCCATCCGGATCACTAC
GTAGTGATCCGGATGGCGGTCATACCGATG
CTGCAACGCGAATAAACGGCAGTATTTCAC
GTGAAATACTGCCGTTTATTCGCGTTGCAG
CCACCAGACGGATGCGCGTAAACATTCTGC
GCAGAATGTTTACGCGCATCCGTCTGGTGG
GCTTTTTAACTTGCAGAATCGCCAGAAATTTACC
GGTAAATTTCTGGCGATTCTGCAAGTTAAAAAGC

&: 010-64807509
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R AR R . PR A R HT#
FATR VR B 10 pL ARAFRAERN T 20 mL 5 F
50 pg/mL KRR LB Bigikeh, 37 °C,
250 r/min A RIEFRAE R — BT ; G
TR AR 50 ng/mL RAREE 2L 200 mL
LB 5355, 37°C, 250 r/min 3 %3555, 153
TR W RN LA KRR Y T
BETA 50 pg/mL RHERE 2.6 L BiFREH,
KT 50% HimaEf TR e}, 4l B oy
300-900 r/min, PAGERFESAKPAE 30%, 3EidE
S pH (HI L B ShEINZK (25% 5 543550 F il
TE 6.8, RIFIREESHIZE 37 °C, #5398 7.5 h A 47,
AR ODgoo THZ K 8.0, M IFIRFEIR 2 30 °C,
SRIGIA IPTG (353K Z ik 4 0.5 mmol/L)
P RN EIARFR A E N, FEEMNIT 3 mL R
ER BLWE N 50 ng/mL, DAk 52K,
Ki3% 20 h, TH{K ODgoo [HZY N 15.0, MLI 35T
2k, G RERAEE T, 8 000 r/min &0
15 min, WCAEANMTIRE, RIS 4 4i i) .
ALK R R 1 L, B—E 2 aifufifb 7, 50 g/L
5 80 g/L DHS &£, 10 mmol/L HLIR MR .
TEREA AL R b, R 4 pH
FETE 6.0 F M Y4EHRFAE 100 r/min, fE{L 1., 2.
3. 4 hJEora U, 95 HPLC A DU AT & 4G DU
PCA il CA By & .

124 SEHEEIESHT

WL WAL 12 000 r/min £5.0 10 min, Ff
i B 2838 2SR, FH 0.22 pum 7K R BRI i ) F
TR TS M. (i FHEC % Innoval C18 {44
(4.6 mmx250 mm, 5 um)FI DAD 584N 75 = 34
AR T CEAER B A R A R TRI . K
M40 A RS 100% H BB i ShAH 1% 2
Y W=20:80, Wi 0.8 mL/min, FEiE 30 °C, b
FEiE 10 uL, KK 210 nm Al 280 nm. A3
iFE] 15 min.,
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2.1 ANEHIFRIRERR) L ARER I R EE R 2R

L) B ¥4 7 #F T4 (Enterobacter  cloacae) 3 5 fi
J50 ) LZE 2 [ 2 T (GenBank % 5% 5 ADF61496)fE
NEMUFES), 5 NCBI R ki (241 R J5 e
XT, BEMLIEHBCE IR AL 50%L0 F#Y 20 ZHA
[F] W) F kIR B9 25 1741, GenBank & 5t SAKIK M
WP_047027013.1 \WP_108417434.1 \WP_177317483.1 ,
WP _214575790.1 \WP_133549024.1 \ WP _045334891.1 ,
WP_119936638.1 . WP_208762888.1 . WP_078774058.1 ,
WP_104948527.1, MCC8019203.1, MBM7742104.1
MCD8102405.1, WP_115720513.1, WP_206035314.1 ,
AJE21333.1 . WP 227322091.1 . WP 205985767.1 .
MCD8044513.1 . WP 230508540.1 . ¥f I A& §ifi & Y
20 NI ARIERY EcAroY KL 4 % ZE pET30a
AR Nde I F1 Xho T BFVIAL AL 200 o Sl 0
W RS B AL G Y B IR L S v i B &
FAERMY, R AR B T R A R R
AL ubix iRk, fHH M1-93 )5 37 kAT
R FRATIER THRERR, fiv44 A DERO2 (% 1),
B e ks 4R 7E pET30a 1A I 0 I R TR 2031
% A\ DERO2 1, 3¢5 ERO1-ER21 HHk(FE 1), 1F
P EF T ERO1-ER21 BRRATIA S F£ik, 153
A2 B A AR R

SR AE DA AR IR AR )3
FE—E 1) pH eI T, BRI pH (5.5,
6.0, 6.5) TR, HEALZEIR IR, el
YL AL B 1 & A AETR . 21 AN B0 Il
RbAroY KRILHRAFHIMEALEE ST, 7 pH 5.5 BHL
AWy R 3.32 g/L, MHAWBORBEEIX N 5T,
JUZEM IR (E] 2A); 76 pH 6.0 A1 6.5 251F T,
RbAroY & BULEM 500 13.54 g/L il
10.23 /L (& 2B FI[E 2C), MRS T e s
(BRI AT AT 11.50 g/L F115.50 g/L ) LZS IR
&, ERE IR VAT AT SR BT 23 [H]
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Figure 2 Screening of PCA decarboxylases under different pH values through whole-cell catalysis. A:
pH 5.5. B: pH 6.0. C: pH 6.5. The accession numbers of 21 decarboxylases: ECAroY (GenBank:
ADF61496); EkAroY (GenBank: WP_047027013.1); EmAroY (GenBank: WP_108417434.1); ErAroY
(GenBank: WP _177317483.1); EdAroY (GenBank: WP 214575790.1); EspAAroY (GenBank:
WP 133549024.1); EnAroY (GenBank: WP 045334891.1); EhAroY (GenBank: WP_119936638.1);
EspSEAroY (GenBank: WP 208762888.1); ElAroY (GenBank: WP_078774058.1); ESpSGAroY
(GenBank: WP _104948527.1); RbAroY (GenBank: MCC8019203.1); CsAroY (GenBank:
MBM7742104.1); AlisAroY (GenBank: MCD8102405.1); GmAroY (GenBank: WP_115720513.1);
GkAroY (GenBank: WP 206035314.1); AzchAroY (GenBank: AJE21333.1); AcsiAroY (GenBank:
WP _227322091.1); PAcAroY (GenBank: WP _205985767.1); TbAroY (GenBank: MCD8044513.1);
PspAroY (GenBank: WP 230508540.1).

&: 010-64807509 B<: cjb@im.ac.cn



3066 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

2.2 EARZE RbAroY RFAMRKREEMIEE
M, RBE/LRXEBTE

% H fE £ ) HotSpot Wizard #k
(https://loschmidt.chemi.muni.cz/hotspotwizard/)
X} RoAroY #E47 H HAETTE. , PPN R AR | A T
B 1Y T AT BE AR DCAS Ak Rl S B B A 4R
RAS, — R, BERIEIEZE, TURE RBK
RS AE o AR PR BERREAR IR FE L 10 A7 s il
177 AR (F 3), 7091 G99A \D253E . L160F |
G394W ., E97D. S117P, T166G ., N276F . S360A .
S370A. HfiX 10 R4 5% A DERO2 1, 4R
5 ERTO1-ERT10 H#k(F 1),

7E pH 6.0, PCA 200 mmol/L %14 F #4174

AL, G99A ZRAZ{K ERTO1 (/=& fri

WiFler, 1516 gL $#27HE 19.97 g/L (A 4).
AT B P R B RIS AR, B
CA SHAATE SRS BT . PRt R
IMLA& (vitamin C, Vo)iiifi] CA &4k, Z5HREH,
U 10 mmol/L Ve BEfE A &8 /D iKY PCA 13|
A%, KU Ve i} 5.0 ODgoo fEALFIMHALEE 3, i
YIF4x 1.34 g/L, M Ve J& 4.0 ODgoo A5
REAZ K 200 mmol/L J LR 4B fifk, JLZRE)
FEEEH 19.90 g/L 25 2 21.50 g/L (K 4).

#< 3 HotSpot Wizard 3 i+ 5H RbAroY Fi#iEs
RETWMSBHRENTR

Table 3  Calculation of free energy change of
RbAroY decarboxylase mutant by HotSpot Wizard
software

. BRI 1350 g/L 2 E 15.16 g/L, 7 Mutation FoldX (kcal/mol)  Rosetta (kcal/mol)
BHEE T 12%, BULKEORIA 049 g/L (J3).  G99A 162 -9.97
R, %5 A T4 T R 98 D233E oo B
23 PCA BHEELN CA MRREHKE o0 o
zA.3.1 T REERRMIUA MBS JLREEY  op 117 217
;:uﬁj?,ﬁ"]%ﬁlrﬂ] S117P —1.26 -2.27

KRS LETRAE R4, IR ZN 1o o s
I A — DR R A i, 2™ N2veF ~1.14 -3.71
Yo, RS RN, BEEMIREER  S360A -L17 —2.10
(1.0, 2.0, 3.0. 4.0, 5.0 ODgy), JLEE =z 53704 193 _1-80

0 \_-\1\I | -Q:\I | -él, | -é; . -le‘ -Qg | -Qg | -Qfl\l | -écl, | -Qlo)l | |QI L 1o

3 TREIRZLEHEMAE K LERE

Figure 3  Catechol production by different mutant-containing whole-cell catalysis.
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Figure 4 Catechol production by various whole-cell catalysis amount and ascorbic acid.

232 EMERYRE X)L E I E RBI R0
4> 41 M9 Ak 5 ERTO1 T4 bk 76 & 4.0
ODgoo. #8110 mmol/L Ve, pH 6.0 54T fEks
200 mmol/L JIEY A #Bffl, Bk, #RERIEYIR
JLZEFRHCEE 1 200 mmol/L ¥4/ Z 300 mmol/L
mF, LB mRe i — it IR AR,
SRR, LA il 21.50 g/L &)
25.70 g/L, {H2H 10.00 g/L ()5 LRI A (K 5).
2.4 DHS % CA HNE24EENLE R
24.1 AEBEKFELMEMPALEENL DHS E5% CA
ARSI R C 2 Pk DHS & bk
WJI060"™, % B MR TE R M 4% | BRI 12
FIZE R R IR AR I O SE I iE A T3 ks , KB 52 h

A7 90 g/L DHS. AW & A 3- &2 i
Ji K AN LS BR i R Wl Y T bk DERO3 47155
TR, BOCEE R e, S
DHS #| CA W—Efb G, Bk R 16
15 mL —RMERE R AIIA 5 mL &4 80 g/L
DHS F1 10 mmol/L 34 IfiL iz 4 &% B (pH 6.0),
A 1.0.,2.0 85 5.0 ODgoo 4= 4l AL AEAL ], 7E 30 °C
BEFRAA A R 12 h, BURERG Ak i b L 2R
Wy b B AR B A, JLAS I A
£ ETF, 1.0 ODgoo fEALFRIBE S 77 20.26 g/L 1Y
JLZSBR, 2.0 ODgoo fiEALFIRESE ™ 20.68 g/L 1L
251, 5.0 ODgoo ML 12 h REAEE 7 22.64 g/L 1Y
JLZEB (] 6)-

25|:IZIPCA \:lCA_‘:;O
20 — ’;|
\S\ T f\{\:
£
0 | I I | I [ I I | !
><40 XC» 540 ?0 ?o §° é(o >§<° 540 gb
P P P P P P P P P P

B 5 BMRYIKRERNSMEMRELSRILEE

Figure 5 Catechol production through whole-cell catalysis with increased PCA concentration.

&: 010-64807509

B<: cjb@im.ac.cn



3068 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

AR £ 44 4. DHS &5 CA
FE/NIUEL A 2 L f A AR, R pH
BN, 25 m AL A 25 2R, DRI fi ]
R IERERE S pH 4T 40 fb RN o FEA LI
w, SR T TAME LR RE, IRAS T 90 g/L
) DHS, %X J5 A 10 mmol/L Ve, 3% B3| DHS
WeRE R 80 g/L, AT T ILAEMEIL G IR
% ¥k DERO3 78 & BERE 55 27 7.5 h, LA ODgoo
4 8.0 B}, LA 0.5 mmol/L IPTG, 5555535 20 h,
ODgoo 5% 15.0, WA A M 22tk 7Ek
FEREP A S 10 mmol/L Ve [ 80 g/L () DHS
R LK 5.0 5% 10.0 ODggo 94> 40 A AL

24.2

== PCA = CA
50 - 125
S =
T 40 120 5
&30 1152
= g
S 20 1102
. O
10 {5
O | 1 | 0
1.0 0D, 2.0 0Dy, 5.0 ODy,

6 IXNEFLL DHS ABRARNEMELS
% CA

Figure 6 CA production in test tube through
whole-cell catalysis using DHS fermentation broth as
substrate.

i AR Eh MR IR pH, ff pH IRZHERFTE 6.0, HL
FERI AL LS G 1, MR S5 SR W] LU
FH(E 7), BB ER, JLZRE
WS, M 4 h JLEE S R, K
fEAL B B JE JLAS B 7= 5 T R, A 5.0 ODgoo fii:
b5, JLZSERAN 1 h 8 1532 g/L 3K 3 4 h 1
28.08 /L (&l 7A); AL FH IS ZE 10.0 ODgoo
i, JLZSER A 1 h A4 22.70 g/L 36K 5 4 h 18 29.55 g/L
( 7B). LA 80 g/L DHS Wiy, FakalzL
2R, R 50 /L DHS HJEH, A 10.0 ODgyo
AR, fEfk 4 h [FIRERE AR 29.35 g/L LS
(Kl 7C).

3 W54

JLZR B — P B 07 B AL W, |2
TSR, I ELIE S M- R BRE R 554 40 4k
EhnETA R B AL A R
e G Gk AR A lE, fese s BIA LR
%, 150K MAYGRIEHAZREIRMR, 7R
PUREA P S A o AW T AR PR : A
Sk A A A A AL o i T LR B AT i
ALEYIEEE, DR IO RE R, AT il 24
AR FEOAK G BULEm 7 SRR AR KA
WFFER A M A i 7 AT LR B 1 B o

A B C
80 - =mPCA = CA 40 60 - mPCA = CA_ 40 20 - =PCA = CA _40
5 | I~ 1~ 1
(L B W ] (L W W ] IEARIN AR
0 0 0 0 0 0
lh 2h 3h 4h lh 2h 3h 4h lh 2h 3h 4h

7 %RBE2EEThIL DHS XEERARYIE MBS CA
Figure 7 CA production in fermentator through whole-cell catalysis using DHS fermentation broth as
substrate. A: 5.0 ODg, 80 g/L DHS. B: 10.0 ODggo, 80 g/ DHS. C: 10.0 ODg0, 50 g/L DHS.
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ST OHGER PCA BR TS LA (],
AHFFELLEHIE MY E. cloacae 3 5 1Y i 4 il A As
M, RARIEF X, BEPLERE 20 4%
MK T S0%M R, R 240 i i
T AZ I R A P LSRR AR I . 45 B
/N, ik RbAroY WiREHM 24 {b ER11
FEIH B b AR PERE  IZ AL R RERS ZE pH 6.0,
JEEIHR B R 200 mmol/L J5LZS BRI A= 7= )L 2R
13.54 g/L, ZEMFI M4 T , B EHGE M E. cloacae
O U IO PR A Ak ), JLAS 1 i T 1.50 /L
[F] 517 1) e X B 6% v i R R i e 4] 1) B A
RIPE, RE 8 Ab BE 45 PSR Y )7 5 S, AR
DNA. RNA FIE AT, HAMKHE T 751+
JE, ITEAE 5 B N5 A ) o A el
2R

TEALIR IR A R R LSRR A WAL, R ik
TR R RN T B — A ek . o T 4R THEE R FeoE
PEIfE— P41k %%, {# ] HotSpot Wizard
TELR A XL IR EE RbAroY HHT A HIRETTE
H 1 BETHE R EAR 43— Fs g M R0 B g AT g1k Y
FHEIEPR, RER IR L, BURE 5 A IR E
HRAf 1 PR BERR IR IR B i 31 RbAroY 97" 2845 2K
179 ERTO1 4x4uffafifbinl, geit—24r L%
P =, B AR AU 13.54 g/L 7 E 15.16 g/L.,
Z g itk A A ) i, K PR A AL
FIE RS, JLEEY RS, B 15.16 g/lL
PTFE 1997 gL, fEfEfbITRE R IR S8
21, XS AR A A A Rl S AR RS
Vi, BRSO I, Sk e
PNzt . sk BN, 2R H AT IR
IR RUINANY), BN T Y AL P
A Ve A B F IR LR BR LR By i AL
N, (AR A S o A A AR (0 e 21078 R R
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o, BT ILAE = I3ET, 78 4.0 ODgoo 1
10 mmol/L Ve 744 T REMEKE IS4 200 mmol/L Ji7
JLZEmR A A, PRI R 21.50 g/L. $EEE
PIHFE 28 300 mmol/L, JLASE &t 21.50 g/L
— 4T = 25.70 /L.

ARSI % I O 28— bk DHS 7 B Ak
WI060, Rtz LUK B Y DHS A&
B CA. ¥ CHIER Quic /K I 5 A48 {4
RoAroY %" i & ilf 14 % & pRSFduet ik, 51k
F| AL APk DERO2 ), 53| @F Pk DERO3, %4>
2 LR AR 57 FH R E 5.0 ODgoo I, AL 12 h fiEfS
EIRE AR 22.64 /L BJLZEES . FEFAE/ N
BT P A 75 21 TR A 1 il A 4 A PR R4 Al
FAEAL AR B CA 554, M TiHF—254 5 CA Y
AR, fE S LORBERE B TRORMEE . 5%
WA 4 h JLAEM ™ i dey , LS i ik
7 29.55 g/L. SHrIRE" 4 gn i fE Ak 5L
HRIRA R 17.70 g/L JLZEERFHLL, A5 153
LR AR AT B B 4

A LUR LR RIE S DHS KB AE MR
Y, HEAL SRS, AR PR B R e
JUASFR AR SN, B8 e 4K ) 1) F A BRI
JUASTR & ko 3 i L2 ™= 2 LA /2 TolkfbA:
PR R JE B — A X R A T
IEXF BERRRE F2 55 L A pE AL AR DL SR T
2T RGN

A5 0T 8 FH A A T 50RE, 38 2 472 4 A
oS R T I D LS TR IR PR I, ) AE e A
ARSI T LA T 1 = 85k =, A B F e sh sl L
AT G U R AR KAk T8 TS G R s
PR AR PR S A ], X1k A 6 L AS I 4 A4
LS IS TET R E VS SN (AN SR ESE2 A 0P| IP7S
WA T EHABRE L,
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