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Abstract: [Objective] The study aimed to develop an efficient and sensitive high-throughput
method to obtain alpha-amino acid ester hydrolase (AEH) with improved activity or thermo-
stability. [Methods] Standard curve was made based on the fact that hydrolysis of cefaclor in
alkaline buffer yields a derivate which has specific absorbance at 340 nm. Whole cell-based
ultra-violet spectrophotometric method was applied to screen the cefaclor synthesis activity of
AEH variants at a high-throughput scale. [Results] Beer’s Law is obeyed in the range of
(0.1-0.6)x10 > mol/L cefaclor. The average recovery is 99.8%—101.3%. 2 300 Clones obtained
by one round of site-directed saturated mutagenesis were screened by this method. Three
variants with more than 1.4-fold k.,;and 4 variants with Tso 5 °C more than wild type were ob-
tained. [Conclusion] The screening method was precise and reliable. The screen capacity can

be up to 2 000 samples per day, which was in the scale of high-throughput screening.

Keywords:

Alpha-amino acid ester hydrolase,
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B- N MR Hi A R (16 H B R R A L5
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PR = 225 S B B A B R ) i Fh 22— o 2009 AFAF ™
i 30 000 t, (i AHiA R M 60%M, KHSY
B- PN BBk e e A 2% AR S 3 ok P LR R AR B AE &R
m: HEE G, HHEE V. KBHEE C 1B
R A AN . SN S )i il Ao SO, e
77 B- PN e v TR A K40 AR 2R B Y REAIURN
AR A RRFHE T, PR ot sz ) A

W TR WA W F & R Bk B (EC
3.5.LAL)EEFLAE S B- I BEH A M ok,
EREEERR G /KiE, 15818 CIRIMEEFIREAX
6- 2 LT B EMR (6-Aminopenicillanic acid, 6-APA),
W BEME AL BESE N 55 % H2 5] 6-APA s A R4 L,
SR, 74 TR 5 BN i) 75 55 2= 196 1 Tl 104 1%
PECL R AR AL A BATAE B- P BRI AE 2 2,
TR IN— 55 6-APA HRERBIOE LRI T2
A, HRRBAEE RS AL pH REktE, 7E
I pH JEFEIN, B-NBEREEAZ AT E, 55 -

o- 23 L R I 7K fi# i (a-Amino acid ester hy-
drolase, fijfk AEH, EC 3.1.1.43)k L H T KWtk
s, HA A BRI, JE

Yok AN H @RI, X DR H
R PR A MG e B, Tolk baT DL #2001 T
BEIRAW), WAL H TRy, Hoiad W pH
LU 75 B R AL BEAIR, o fot S R AR R TP R IR A
FEERAEY, KWILOK, a-Z LR K B
WHoE 2 B A Y F MR RN EM, A Ka-A
SR TG 7K St T = T TR AR P 0 8 L RS TR BB 1
PREERE AT 52 O N % i A 0E— 25 A P AL B
TR

R T 2 O Tl P S AT B Tl A P
T, ARSI % R I AL B = AR Pk &
SR T B P o A AR v 3 O 2 PH A R
B 7 R I AL BT BRI . Hal, Skl
I DN A R A R O R — R R AR A
Wk, O RER, REE R, (AR SLBTE R,
TG B R R R AN ok
N, RIS AT IS AR R & AR T
SERTGE, A l—FTE 340 nm A BRI i
WRIEATAE Y, 20 T O 25 A 4L
BT BE RN e, s Bl 2 . BTk
TR Z —, 3-E-T-E B R Rk
iR (7-ACCA) I 5 T BIfT A 9 7F 300-360 nm
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A W W, T ST — IR AR R B A R R
(PGM-HC) W TE TR o AR T % Sk A8 5 3 1Y)
GBI LI T T . b Tk dt e
7 SR T-ACCA AT AE Y AN IO, SR
FARORAIE R aTHEBR IR 0 T4 RS
IO, FEMTCHT B, et a R
KRS, BRI 2 000 AN, 43 i
TR TR, FAN, AR T Ak, 4 s
T B A 2R AR BCP BR, RO T I
[ HHEA SC PR 56 TR et S 74 (AR P L5300 ) A8

1 eSS
1.1 EZEZNEEFRT

2 hh-n] TG EFAR Y (Bio-Tek ELX800 UV); 96
LA ES U HL(Beckman-Coulter Avanti J-26xp); 15
JEWAR 3% (Y (SHIMADZU LC-2010A); HrifEdh:
376 529 (Cefaclor) A AEALHI 254 1 7=, 3-F-7-
R O AR HE L AU BERR (7-ACCA) N R 5t B
MRA T A BRA 77 R H 28R R R R £R
(PGM-HCI) g i IR Ak T A7 BR 2 7] i Hofth
58 B EE Vs T
1.2 XWHZE
1.2.1 ZHRRECH: YL 0.05 mol/L pH 6.2 1
NaH,PO, ZZ i £ 7-ACCA 1 PGM-: HCI 1)
YRR AR, [AHREE#RA 3.2x107° mol/L.,
1.2.2 #kRMERZ: L) 0.05 mol/lL pH 6.2
NaH PO, 2% Wi i il e i A 4x107° mol/L f)3k 4
SIS AR . PR B o U R R 25
VS5 S A SIS AR, i S At v i RN BRI
WeRErikE] 16, 1.4, 1.2, 1.0, 0.8, 0.6, 04,
0.2, 0.1x10°° mol/L (X 0.05 mol/L pH 6.2 f
NaH,PO, 2 M A EIATR) . Hrh PRI v B
A5 1.6x10°° mol/L. 4351 i) 96 FLAZ H /i A 100 pL
IR WL, FF2L 100 ul 1 mol/L NaOH “5AFH
B, 30 °C 1 E 30 min Ji M 5E A\ Asao-aos0
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1.23 FAEREM: BRI~ AR ER
TRA W4 31 NaOH, 30 °C ¥ 3 30.60.90 min
Jer e A, ISR EIE Ak

1.2.4 FEMEGEMBZEE: £35S TR
n— 2 B Sk A0 S VARV W, I AAsso-a0s, R
AT E U

1.25 5 HPLC AZERLLE: 2BIRA%Mr
JEIERERE RN HPLC 5 2% 2 9 il P AS [ o
JE S A S MR AT & A AT, R AR —
ESQ

1.26 o-REFRESK BRI ER T HOME R E @i
: RH PCR B J7 ik M 21 &0 i 5 i 74
(Xanthomonas rubrillineans CPCC 140817) #1945
AP 5] aeh FEE L 519FF0F: 1ER:
5'-CGGAATTCATGCGCCGCATCGCTCCCTGC
CTGC-3"; Jli: 5'-CCGCTCGAGTCAATGTACC

GGCAGCTGATGAAAC-3" (' Xl £y B il ¥k i
PIH7#) . PCR W AEFFUNR: 94 °C 3 min; 98 °C
30 s, 58 °C 1 min, 72 °C 1.5 min, 30 E¥F;
72 °C 10 min, PCR /¥ 5ifE3 pGEM-T #fArr,
MFEAEG, ¥ pGEM-T-aeh Hl pET28 #iik%:
EcoR I i1 Xho 1 EVIE M1, AHEFF sz 2
KT BL21L(DE3), LA 45k pET28-aeh
B, SRR TG PEH LR 10 A DA
PR R ELHA T RUARANZEE . R KOD plus 587%
B &, 1Yot MEES N &t 15 .
1.2.7 THIEMESRBIXTER: FIMEXTIR: pET28 444k
AL KA B IML09, 1537 B N 414 5
T BERE A o BEPEXT IR B A AU A9 1 T2 K
FFE BL21(DE3) & ikl pET28-aeh, 153% M Ak1k
TN A5 R AR D

1.2.8 GHIESE: (1) Gk 96 e ik LS T4
I AEH ZRAAK A AR ICT- L AL T
W%, EASARFRER 2 mL 96 FLIEFLE, B
FRHEZH N 0.1%FL0E, 1.0%4E W, 0.5%0% Fk47
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R TR BE 50% LA I 1 2828 AK) . S BT L [9]
P AL B 5 P B 50% LA I S AR IR RS 5% 4
Balifb kAl
1.29 PHMRTHREBIHANESHE ka RHRBE
HSE Tso (FERFRE)ME: ARG CH[4TI
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HR 4 SCHR (1019 2 FRASE M 2 =5 19 AEH ZRAZ (A
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2 iR
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Fig. 1 Absorption spectrum of cefaclor and 7-ACCA before and after adding NaOH
7 a: 0.8x10™* mol/L k#7017 T NaH,PO, Z& thifi; b: 0.8x10* mol/L 7-ACCA i T NaH,PO, Z& iP#; c: 0.8x10* mol/L k1
PV T 1 mol/L NaOH; d: 0.8x10™* mol/L 7-ACCA # T 1 mol/L NaOH.
Note: a: 0.8x10™* mol/L cefaclor in phosphate buffer; b: 0.8x10™* mol/L 7-ACCA in phosphate buffer; ¢: 0.8x10™* mol/L cefaclor in
1 mol/L NaOH; d: 0.8x10™* mol/L 7-ACCA in 1 mol/L NaOH.
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Fig. 2 Standard curve of AAg_s05 against the concentration of cefaclor
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F1 KMEXREIE(n=8)

Table 1 Test of linear regression (n=8)

SRR ST HIXPRRE G2
Number of clones Concentration of cefaclor (10~ mol/L) RSD (%)
1 0.134+0.013 11
2 0.417+0.014 3.5
3 0.118+0.009 1.7
4 0.175+0.006 29
5 0.226+0.011 3.8

R2 FRIKERMARESRET &KL EN=S)

Table 2 The absorption of cefaclor derivative after different reaction time (n=8)

N s 8 SN A ] o
;\L%@}FE{Q{Z%JE Time of coloration (min) AR i i 22
Concentration of cefaclor
-3 RSD (%)
(20™° mol/L) 30 60 90

0.1 0.290+0.09 0.299+0.08 0.293+0.06 1.5

0.3 0.869+0.10 0.905+0.07 0.874+0.14 2.2

0.6 1.815+0.11 1.756£0.17 1.729+0.08 24

R3 P KETIEEKERREEEIRE(N=.)

Table 3 The recovery and precision of cefaclor (n=8)

Precision test Recovery test
ImAfE IR =R ARXIR O 2 JIAfE bR =R &S
Added Measured RSD Added Measured Recovery
(107* mol/L) (107 mol/L) (%) (107 mol/L) (107 mol/L) (%)
0.1 0.104+0.016 3.8 0.1 0.104 103.7
0.3 0.300+0.013 0.9 0.3 0.300 100
0.6 0.598+0.005 0.4 0.6 0.598 99.7

R4 BIIDRNREENSERE RIEERN K85 % RE (n=8)

Table 4 The analytical results of cefaclor by UV Spectrophotometry and HPLC (n=8)

LA ARRT AR i 2 o HE VRO 7 v
UV Spectrophotometry (10~ mol/L) RSD (%) HPLC (10 mol/L)
0.104+0.016 2.2 0.107+0.065
0.300£0.013 1.7 0.294+0.052
0.598+0.005 3.5 0.602+0.074

0 UL 3 AMRE R IS MEHEAT t 4655, £ =1.0874 (P>0.05) M FIA i TE B & 24 5.

Note: The average value of three samples were used for t statistics test, t =1.0874 (P>0.05) shows no significant difference.
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Table 5 The kinetic parameters of variants

%gﬂﬂez.ﬁ: SO Conciﬁi?jf c%faclor iiﬂ%@%ﬂiﬁfg a %ﬁé& b
Name of variants A Azio105 (10" mol/L) (10 (r);fgsl)/L-s) (sgalt)
WT 0.75 0.255 1.42 82+2
SDMB87-46 1.31 0.447 2.48 142+4
SDM132-59 1.09 0.372 2.06 119+3
SDM344-35 1.54 0.526 2.92 169+6
e ar FWLSONHIER B R 2 4 AETE 96 fLak S iME, ASRLiBEYSEPrE, PRI, b Mo Al SCPRss s,

3ATPATREMT- 2.
Note: a: Voons) Was determined using whole cells in 96-well plates, it is not the actual Vo of purified enzyme; b: keys in the table are
the true turnover number of purified enzymes, and are averages of three parallel samples.

*6 REMEAREESH

Table 6 Thermal stability of variants

RASKRA TR P B AL PR PR 7 23 L 2R TR T
Name of variants Percentage of activity after heat treatment against before (%) Tso (°C)
WT 14 44+0.5
SDM132-132 54 51+0.8
SDM178-5 61 49+0.3
SDM226-35 61 54+0.7
SDM466-77 68 55+0.7

T ar RSN 96 FLA T HVEHIUE OIS PERR LI ARAL BERT RIS PETH RO b O ARG RTEIREE, S 3 AFATREN

FEH.
Note: a: Caculated as the ratio of activity after against before heat treatment using whole cells in 96-well plates; b: Tses in the table
are the temperature at which the purified enzymes lost their initial activities by 50%, and are averages of three parallel samples.

TERE SR ZEAE AR B 2 300 A rakerh, ik
RS A0 7 18 BTG P AR T A R B 80% 75 P Y
RASKR 186 tR, MATHRETETRE . PR RIS T
500 LA 111 4 BRISAERRIY Tso WK 6,

3 Wik

1£ 7-ACCA 1 PGM £ AEH fitfb %4k A ik
TV B T, Y S P A T RO AR FR
H, PGM 5 3k 76 5 3% 19 W i BN T, T
7-ACCA TE A 50y B RIS b A TP i
WE 1 PR, SO KIE REEAE R S RN
390 nm, {H R TRk H B B AR AR IE 2 22 K
I B A 405 nm, ISR K 5 HPLC A LE
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