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A high-throughput screening method for decarboxylase
mutants with efficient carbon fixing based on Biomek i7
automated workstation

JIANG Xinshan', FAN Yan?, LIU Lin', XUE Song"!

1 School of Bioengineering, Dalian University of Technology, Dalian 116023, Liaoning, China
2 College of Light Industry and Food, Zhongkai University of Agriculture and Engineering, Guangzhou 510225,
Guangdong, China

Abstract: [Background] 2,3-dihydroxybenzoic acid decarboxylase (2,3-DHBD) can catalyze
the carboxylation of CO, with phenolic compounds to generate aromatic carboxylic acids,
providing a new strategy for the synthesis of value-added chemicals from fixed CO,. However,
its application is limited by the low conversion efficiency. [Objective] To improve the catalytic
efficiency of 2,3-DHBD, we established a high-throughput screening method based on the
Biomek 17 automated workstation to achieve efficient screening of benzoic acid decarboxylases
with high carboxylation activity, providing a method for enzyme engineering. [Methods] First,
508 clones were obtained by targeted hemi-saturation mutagenesis of the 2,3-DHBD from
Aspergillus oryzae (2,3-DHBD_Ao). Then, mutant library construction, clone selection, culture,
and enzyme activity assay were performed based on Biomek i7 automated workstation to
achieve two rounds of screening for the mutants. The accuracy of the high-throughput screening
method was evaluated by high performance liquid chromatography (HPLC). [Results] The
decarboxylation and carboxylation reaction system catalyzed by the crude enzyme and the
Biomek i7 automated workstation screening process were determined. The two rounds of
high-throughput screening from 508 clones yielded 13 positive mutants, and the HPLC
confirmed 3 positive mutants. The positive mutation rate of the constructed library was 0.6%,
and the mutant with the highest carboxylation activity showed the activity 120% of the wild
type. [Conclusion] A high-throughput screening method for the decarboxylases with high
carboxylation activity was successfully established based on the Biomek i7 automated
workstation. For the first time, the automated high-throughput equipment was combined with
mutant screening, which provided the idea of determining the evaluation indexes during the
screening. It took 175 h to conduct two rounds of screening for 508 clones, which shortened the
screening cycle compared with manual screening.

Keywords: high-throughput screening; 2,3-dihydroxybenzoic acid decarboxylase; enzyme
evolution; carboxylation
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7K R i #R 1§ (2,3-DHBD_Ao0)7E 0.2 MPa CO,
F12.7 mol/L ik R B I S 45 1 T A AL AR R —
M A= B 2,3- R EOR R (2,3-dihydroxybenzoic
acid, 2,3-DHBA), 15 min j=3 ] ik 30%0), j#
aok T P e R A R A AR v A R R IS R Tl
HATAIBESEME AL o — 2038 S R A SR e
AR TEPEAR . SR AL P 5 A 28 A8 1A I 2 52 i
JI5E R R R Ak S I 1) O Bl L TR B i J O 5 1)
Tt 1) SR A0 A Ry ok s g 1 A T B, R3S S
JE R R A, L T A e e 1 e B
RE A S S SHE B O o T R A 4 A ) Y 2
BEPE, W —Fh B SRR R R
B IE R, A28 e i il N 2 SR
R RS TG 52, 2,3-DHBD. Ao ALK
AR AL RN Y R —A v RLE ™, L
2,3-DHBD_Ao [ IERF A, Xof H i il 22 2L R ik
LA AR U A AR PR TG HEAR . ARG
PR AR

5 3 A B0 A e AR DABFL AR
B MEAREA R, AR5
T SR PR P A T v AR TR T A
2,3-DHBA 7£ 308 nm &b HATFFER I, 7] LATE
it A AL A5 96 T LAl OGS M6 3R B L IV 40/ Ak S
W=k E Y, R Biomek i7 H LT
VEEUY AT 52 2,3-DHBD. Ao M S A8 SC A
AR S A A 4 A S AR, FEATE 5 A
WAy, ARl hRE . PCR, I G AL
o 3 o TR P A B T AN o AR AR
I I v A O 3 1 S R A i A R Y A
S i 38 5 AR PR A PEAN B

ARWFSETE Biomek i7 Hahfb TAER a2t
T OO ARG SR RIS R H Bh ik TR
T, BEFE 2,3-DHBD_Ao fiEfL4F2K B Rk
PR, XA S A 11 AN ARN S AT 1
AL A B o 1 RO 0, R O 1 s YR AL T

2,3-DHBD_Ao WG 8 bR, MRS &
Y B CO, B 7 F 128 50 88 T2 13 o 208 1

1R

1.1 #8
1.1.1  #&m

K % #F i (Escherichia coli) BL21(DE3)Jg
ZAYM, bR eXS =R ARARAR; K
i1 25 ok 5 1Y B 4 7% 2,3-DHBD [2,3-DHBD Ao
(WT)JFR 1A kL & A5 & PCR 514, J5H 4 0fE
BHEYRH A BR A

1.1.2 ExE
LB WA RS FR 20 LB [EAR RS 35 3L 2 I8 5
2 SCHR[ 1S BC il

1.1.3  EZRFIANEE

AP Wy, 2,3-DHBA FIZJE, ER7EAT;
=9 LR (trifluoroacetic acid, TFA), FiERIH7 T
HEURE A BRAF; OBE . IREREH (KHCO;) .
WEiR . S AL EE (MgCly) Fl — B 2 I A (dimethyl
sulfoxide, DMSO), KHFFZERRAF] ;5 ¥ 14 B |
B IKIRAN . RAIRE R M IPTG, A TAY T
FE( BB A FR A 7] ; DNA Marker ., QuickCut
Buffer (10x)l Dpn I, KiE5F4Y THREABRA
#); PrimerStar Max, TaKaRa /¥l

HLF K1, 28 2 FIITRL = AR AL ) A R A
Al RN IENEETT, H LR (i) [
R4 BT RGBT, EER R (h
FE)A PR 5 Biomek 17 H shik T AR, Ul7os
ERFFA PR A AL RS, Cytiva 2 H,
1.2 7k
1.2.1 FHESRENIRRR RIARNTE

WLBFAER 2 3-DHBD Ao SATEEIEF B0 A
1 mL LB #5523 24 RFLAR 1, 37 °C., 190 t/min
B, KRS RS S mL LB 5%
) 24 AL, RIFHEER R — 3, dREEGR
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% ODggo 5% 0.5-0.6, JiLA 0.4 mmol/L IPTG
1E37°C. 190 r/min M5 5.5 h, AR
F£ 4 °C, 4 000 r/min B.0> 6 min YR, A
1 mL 24#%#% (100 mmol/L Tris pH 8.0, 100 mmol/L
MgCl,. 1 mg/mL % &) 37 °C., 190 r/min Z&fi#
0.5 h BYFE4HME, 5 000 r/min 5.0 3 min W4E |
WA TR, 233 2. 4, 8. 16,
20 F1 40 pL F3T 96 ALAR T, XFRhnA
20 pL 2 mmol/L 2,3-DHBA, %X J5 H 66.7 mmol/L
PBS 2% ihif (pH 5.0)%h 5% 200 uL & &, 7E 30 °C
SR 8 min S i@t A 308 nm Ab IR OGEE
(Asos) 52 B0 %) 2,3-DHBA 1 € &, LLE Y
2,3-DHBA 1THFE fAE A R I P i PR AR i o
DA 5 5 3 3K 1 T W A I8 R B I s 132 BB
A308 'ﬂzy‘jxrj‘ﬁ?i o
122 MABRECECRBERNTEE

Fe 1.2.1 Ik Oy v A5 20 4 ik s 1 b
TR, WHL 900 pL & 24 WAL, BAFLINA
0.3 g KHCO; A1 100 pL 100 mmol/L 4B ",
FNE BTN 1 mL oK 24 AL T 30 °CH 357
FEH1, 190 r/min JZ v 2 h, 5 000 r/min &.0> 3 min,
HCEIE 20 uL 25 300 pL 1B OK : L1
BRI IARF L R 4:2:1) A9 96 TRFLR A 28 1k 2
W2 B 200 pL 21k )5 MR T 96 flfLA, 18
TR Agps SEFRXT 2,3-DHBA HIE ., LAF=W)
2,3-DHBA A4z AR A RAL T T RPN A e
DA 5 5 32 0K 19 T R AT R Ak B I i 132 B
Asos VE R X B o [R] B b R T A Ak 3R Ak S5 I ¢
LA A RCE T HPLC EISE, XFRikr=9 it
7 WERA R 1
123 REAKXESBEFERE

FIIH Biomek 17 S5 Bi iy 38 o i 2 , ELARB B
mF.

1) & PCR ¥4 . LN pET-28a-2,3-
DHBD_Ao Jiihi iitk, MR 1 FoRgIWiis

4 JfkL PCR P36, PCR WV AK F 4 1B 2 2% 3
BRI161 B o # AR R LR ddHLO0 L Bk
PrimerStar Max 15 12023 7E 1.5 mL EP &+,
% BCTubeRack HH7ER i |-, 44 PCR Mix,
iR 96 B INAERR S5 W 2 pL (10 umol/L)
b, F#BI®T Bio RadPCR96 H1, #RJ5fdi
Span8 R i 8 i IH AR AL 46 uL PCR Mix
F Bio RadPCR96, Hi 360°E5 MM AL T
#| PCR A I35 | 96 LAk , PCR i 5544
98 °C 2 min; 98°C 10's, 50°C 15s, 72°C 45 s,
30 IMEFR; 72 °C 5 min; 4 °CIR-7E

2) EEEEPE AL TSR A AR AR
PEATIEAE, #+ QuickCut Buffer (10x)#1 Dpn I3
AR 2:1 IR G I /0 464E 1.5 mL EP &b, BT
BCTubeRack HilfE &1 I, B4 digestion Mix,
I 96 B INFEAFIIR 8.5 pL PCR ¥ T
Bio-RadPCR96 1, {#i f} Span8 R {if 8 i i Jins:
#eWZ B 1.5 pL digestion Mix T Bio-RadPCR96,
H 360°E i RPN T 5] PCR {XrhJfaE b
96 fLA T, VS %L 37 °C 30 min; 4 °CIR-AF;
S0 45 S5 (8 Span8 575 8 1 18 fIAE #i 0 H
SRS PCR 724, B 360°
BEFEAT R HL T 2 PCR XI55 | 96 Sl
W, S5 4°C30min; 42 °C 90 s PEAT
T PG, 43 IE 100 uL ) 6 FLHrAY LB [E{4
RS Rk B SIEIIT, 37 °CHE 3% 16 he

3) Qpix460 4> [ 3 = 38 i v BBk R 7F 17 1%
F%: A 96 WMIENFEERKG LB 8532 LLREAL
I mL 733 F 96 IRfLAH , A Biomek i7 H 7
) Qpix460 4= [ 3 = i it o7 B Pk %k R G X P-4
FAEKNRARIEITHRE, 15 min N[ ERE
iK1 000 SRASKRBIPIE TAE, FK s v 3
T F AR AL, A 96 AL P20 Bl A B A
AU BN ZS (I IR 3 A4, 4% 1.2.1 Irik oy vk it
(T

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



796 (YIS Gk Microbiol. China

x1 ERFIEMREMASIY

Table 1 Primers used for site-directed semi-saturated mutagenesis
Gene Primer name Primer sequence (5'—3")
K19 K19-F CGCTTTGAAGAGNDTACCCGTTGGTGG
K19-R CCACCAACGGGTAHNCTCTTCAAAGCG
T20 T20-F CTTTGAAGAGAAANDTCGTTGGTGGGCAT
T20-R ATGCCCACCAACGAHNTTTCTCTTCAAAG
F27 F27-F GTGGGCATCTTTANDTAGCACCGATGCCG
F27-R CGGCATCGGTGCTAHNTAAAGATGCCCAC
P64 P64-F AGCTATACCGCANDTGGCGTTCAAGAT
P64-R ATCTTGAACGCCAHNTGCGGTATAGCT
R169 R169-F TTACATGCACCCGNDTAACCCGAC
R169-R GTCGGGTTAHNCGGGTGCATGTAA
N170 N170-F TTTACATGCACCCGCGTNDTCCGACCGGTACCATCTA
N170-R TAGATGGTACCGGTCGGAHNACGCGGGTGCATGTAAA
P189 P189-F CGCAAATGGCTGGTGGGTNDTCCGCTGAGCTTCGCAC
P189-R GTGCGAAGCTCAGCGGAHNACCCACCAGCCATTTGCG
F193 F193-F TCCGCCGCTGAGCNDTGCACATGGCGTGT
F193-R ACACGCCATGTGCAHNGCTCAGCGGCGGA
R233 R233-F TGACATGTGGNDTATCAATCACT
R233-R AGTGATTGATAHNCCACATGTCA
H236 H236-F TGGCGCATCAATNDTTGGTTCGAAGAC
H236-R GTCTTCGAACCAAHNATTGATGCGCCA
R241 R241-F TGTGGGCCGATNDTAAATGGCTGGT
R241-R ACCAGCCATTTAHNATCGGCCCACA

4) 96 FLAR HHET TR AR AL IR S . 4%
1.2.1 Frik Jr e i e iR &, A B B 3hik T
VESEAH 52 e 96 FLAR AT, FIFH B FRAL A T
G AR VRH Bt 1% DU AE o
1.2.4 2,3-DHBD_ Ao FUERFRKIEL{L

4 e 854K 2,3-DHBD_Ao 41553
iKJA, 4°C. 4500 r/min &> 10 min YA FH K,
300 W B A % 15 min, 4 °C. 12 000 r/min &
O 15 min B 2HERIR , 258 085 2 1 2R
JE AR R S E I B, Ws
J& i Bradford LM, F—80 °CIRAFF
1.2.5 HPLC &N E 4 EGEIE

2l A AL R AL S 7 iR b A
2.7 mol/L KHCOs (pH 8.6)IATk , KA M

e A 10 mmol/L, i A 200 pg 19 2,3-DHBD_Ao,
30 °C N3 A 0.2 MPa CO, JZ i 15 min, fIIAZ
1EFNOK: OB BlR, RFLEE N 4:2: DR .
2l A e MR S ikt R iR Rk
66.7 mmol/L PBS (pH 5.0)/A &, JIE¥) 2,3-DHBA
4 0.2 mmol/L, fIA 1 ug ¥ 2,3-DHBD_Ao,
30 °C/ i 8 min, A ZE bk FI(BERR)ZE 1k K
JR 3R ¥R Ak 52 7 35 Pk 38 1 HPLC 5 #+ 2,3-DHBA,
THE L AR 0 5 o
1.2.6 2,3-DHBD_Ao B RNz HFEEH
M E

TEFRUER AR R T (O 1.2.5) 50 51 2.
4. 6.8, 10, 20, 40, 60, 80 fil 100 mmol/L
A8IK "Wy, 4y 200 pg ¥ 2,3-DHBD_Ao
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(WT)F1 2,3-DHBD_Ao (R233S), 30 °CF 5z )3 —
LT [v) J ARSI AN [] e BE JEC 40 T ) AR S oy B
W 7E SR AL SN 31 124 288 fFH Origin 7 3K {4
WATsh 12 B PLA, 1 2,3-DHBD_Ao %
AR RAEAL SRR 1Y) K FT Koo {H o

2 ZRE5H®

R R =18 = T 0k 5 AR R
e A o O 1A A AN AN BB T A2 28 AR AR S

HOBEE . RS EOE R I A A Sh IR,

TR A Ak T AR Sl A1 SRk — 2B 4 R T e RO

TAESECE 14> 96 iWIEMAEERSFN 2 4> 8 TWIE
AR, DAL 2 A 360° e TR ML T-F1 45 M4k
i, M PCR BRGS0 A fitep, g2
SYEH 96 MIEAERINEE, 22534150 HH 8 il
TEINRERR AR, DR I3 o XA 457 A Ja) (4 R 38 ] LA
HINRE S LA 15 2 e AL R B 1 R
T FH e 1 0 5 1 45 Biomek 17 HEA TS AR AR SC
JAE VR A R O R P AR o B e T BRI T s

2.1

™
N

. Mutation o
7 site design [l

e E

™ Primer design

A 55 2 26 PCR Al el i#E4T 96 RN IR R,
B 7 SCEURS HEINAE , AR S 100 F5D)E;

%5325 15 min BIATSEELEE 1 000 A4~ B 5 BB L
FHEFRIA, SR SR RS 4 A Sh ik, S
W IERERIRE . IPTG B . LA O LA K B
RBEHESE ;s 55 4 2B TR S 8 min BV AT 5%
B RAGI , 55 1 FEORE A A 53 A A P R I
o T EIEAERT 100 hy HFATHIRILIN 2 h 58K

— YA, — R ATRGIN 96 AHENL, 5 2 FLEE
HEAL I AL R AR AL S DL e IEAEIN) 75 ho DA

A Biomek i7 /MII— MR E 7746, T XHEEIHY
508 AN v BRI B B FI G AE i e #ERT 175 h
RIVAT 52

22 BREBERNMABRERETETFIES
2,3-DHBA IR S {E R i E

AR 4 328 06 2 i 300 0T 3% AL ) G F

2,3-DHBD_Ao H /S [R] 42 3 2 5% JL 70 At Ak I %
TR b I 0 st 52 1 BTG 1) A8 Ak SR TR], R W
Al DL P 2,3-DHBD. Ao 15 2Rk 1% M2

Degenerate bases 1
\\ e

pl"llTlC]

Conventional ;. T
primer i

—— ~ -~ ™
\ PCR \ “ Plasmid 2> N
2 / Dpnlireatment = P4 ) = 90's P
/" 96-well PCR plate /"~ / transformation -
-
< = < SDS-PAGE
.. Cell culture . Induction = Cell disruption ™
3 /2419 deep-well plate ‘ : yan mmol/L IPTG .’:."7"" /./> ) g
‘./ 37°C220r/min 12 h /-' 37°C220r/min 8 h /,—’ / Disrupted by lysozyme ’ ACtiVin
measurement

. Sequence
4 analysis

'{-’l’uhl V!-\“-I'

'/ By robot

Protem purification \

\\“ . .
.. Precision enzyme . Verify mutation \

/ activity analysis ~ Strategy /
// *5 A

Bl 1 FIM Biomek i7 HTRIEM I ESEE L RIE
Figure 1 High throughput screening process for mutant libraries using Biomek 17.
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B R TG PERR AR A 2 AR, IR g S 28 A
JA 1 1 398 2% 2 kg I8 22 0 M IR LR AR 1 s
2,3-DHBD_Ao i fb 1% JIi 2 B2 0L T M 2 R Ak e
REIEPER 100 4520 F, DR 2 05 AR B v (1)
M1 HEA T 5 1 R0 L R SN IS Y 2,3-DHBA
7E 308 nm AL RFAE M I, LA S ARG 0 2 715 (AR it
P BEFR TG o T e B e S I T 7 1 3 VA
FEURNTi 16 5 AR RIS Agos FTE IR, QnI&l 2 25 (A%
HECRI B PE X BRSO AA 2 TR AR AR S
NEJEEY 2,3-DHBA B}, Ases s 0.27+0.01; JIA
0.2 mmol/L 2,3-DHBA B, AsesJ& 0.65+0.05,
I Agos £ 0.6-0.7 B E AR KU o Fi¢ 1.2.1 Frik
T3 1 I A AR B B 1) b W e Ak s v, il
FE RNV 2,3-DHBA ) Ases, TIAK H 40 uL
W R IS WAL SN JS 2,3-DHBA [ Agos
9 0.59, IMASKH 100 pL T 0 HH 137 e A
ALV 5 2,3-DHBA ) Asos A 0.31, SSZ Bl
TEHE R, EORIEY 2,3-DHBA WA SE4,
AT ENMAR A 80 uL B KRG F s,
30 °CJz i 8 min, WK 2 Fros, BATEFA: AR
2,3-DHBD_Ao #E{b IR S 5 2,3-DHBA X i
1 Asos A& 0.46+0.02, Ao 7EIX /T8 [ A A 2248
IR IG5 R TC AR AL, B Ases B 0.46 7 A
2,3-DHBA ¢ FE-W G EE (i bR 26, 15 51 87
A BRI R SO S I 2,3-DHBA MR B
0.14 mmol/L , i i FE ) IH AL TR 6 AL 30%.
551 Fe U H AR A IR TG A TR AR Y 1 SR
T, P LA B BE B AL AR T 30%, g2
Asos KT 0.48 (575K, f THI F Gk 2E A TP
PR, ULTEEEN Asse J&T AT E 2L
P, R ITE 2 AR R Bt IR b 1E 1, TRl
S —RE T L I AR IR Y Agos T I 1 E 1E 0.48-0.60
23 REKREFE—RIBREIEMTFIE
HF 2,3-DHBD_Ao MYZ5# K 24 Fir] 5 8
FIUFA AT 25, B il N 11 A OB A,

A AE A SR AR G AR RSO o ) 1 1
NIEFER) 11 LR 5 A NDT i 33 1
A5 TR A, MR SO R 508,
95 1 RS RANE 3 R, H 2.2 B E R
TEARMELE PR I a 182 N ZRAB R TR AL TG
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2 FHAERMENRRR A 308 nm &AL R
E4E

Figure 2 Measurement of absorbance values at
308 nm for WT-catalyzed decarboxylation.
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Figure 3 Distribution of absorbance values at 308 nm
for the mutant-catalyzed decarboxylation.
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S E ik iR IR B R TR 75 5% 799

ik, FEFEZEVEA TR . I Biomek i7 H sk
TAESG, 508 ANsabERyEs 1 820k U7 100 h, 4H
BT AT, AERESCRIE S 5 5. &=

BHE, 5 AL TAFRE55 )5 a DL B
ARG L, KR4 TR AR, X
Je N0 TGk U ARG

24 RELEKXESE 2
HPLC &30
e 122 Frid kst s 1 ik En

182 A~ 58 A8 K i 47 R Ak T 1k 0 i o M A= 7
2,3-DHBD_Ao LR L)W f5 2,3-DHBA 1Y
Agos N 0.85+0.05, HEIHFEALAR N 12%42%, Aggs
P N AR (RS 5 EFAE 7Y 2,3-DHBD_Ao
ZESAR, HBRALBIIMA T 25 F3EG mL B
W), % R [ Fk mx LA G AT B KR,
ikt G R AR IR LT A2 A 2,3-DHBD_Ao
MR AT, WE Ass a1 0.8 FERES 2 48
T BE AR UL 4 PIr7R , F E AY SCE AR 508,
STE 1 5mAR R 182 A vafEil ., fE 10 4
LA 5] 46 DRARK, G555 2 fRiHiLss

ILARH) 13 M IEMRAE, % 1.2.5 Frd Xt 13 4~
RARAZ: HPLC M TAi RS Sk, B 5 foR 1
46 ANGARAE 10 LS A Kot 1.2.4 Frik
5 ka5 2 i Al il 22 HPLC AG I B J5 1 17
RAMEAEL, WORIEVET R, RILE MR TEF
4= 2 3-DHBD Ao 10%ULE@'§§/§EM§€ 34,
ST R233 A1 K19 B8 o BAPEZRAE 3N

0.6%, ﬂz%u’ﬁﬁiﬂfﬁﬂc@ﬁm%E@aa@ﬁsx%%‘
A7 2,3-DHBD_Ao i 120%. X} 2,3-DHBD_Ao
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Figure 4  Targeted half-saturation and mutant
screening process.
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Figure 5 Distribution of 46 mutants and positive
mutants at each locus. White: Number of mutants
obtained per locus; Grey: Number of positive
mutants obtained per locus.
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Table 2  Steady-state kinetics for carboxylation by
2,3-DHBD_Ao and its mutants

Carboxylation WT R233S
K (mmol/L) 10.8£1.0 8.3+1.0
Keo (minh) 105.0+£5.0  106.0+3.0
Keat/ Ky (L/(mmol-min)) 9.7£0.9 12.8+1.5
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