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Immobilizing engineered Escherichia coli cells into zeolitic
imidazolate framework 8 for efficient biosynthesis of Ala-Gln

ZHANG Ylngkang CHENG ng ZHAO Felyang YI Yanqln LI angqlng ,
LU Zhenhua®, WU Mianbin’, WANG Tao', LIU Xiaohuan'

1 School of Biological Science, Jining Medical University, Rizhao 276800, Shandong, China
2 College of Chemical and Biological Engineering, Zhejiang University, Hangzhou 310000, Zhejiang, China

Abstract: The a-amino acid ester acyltransferase (SAET) from Sphingobacterium siyangensis is
one of the enzymes with the highest catalytic ability for the biosynthesis of L-alanyl-L-glutamine
(Ala-GIn) with unprotected L-alanine methylester and L-glutamine. To improve the catalytic
performance of SAET, a one-step method was used to rapidly prepare the immobilized cells
(SAET@ZIF-8) in the aqueous system. The engineered Escherichia coli (E. coli) expressing
SAET was encapsulated into the imidazole framework structure of metal organic zeolite
(ZIF-8). Subsequently, the obtained SAET@ZIF-8 was characterized, and the catalytic activity,
reusability and storage stability were also investigated. Results showed that the morphology of
the prepared SAET@ZIF-8 nanoparticles was basically the same as that of the standard ZIF-8
materials reported in literature, and the introduction of cells did not significantly change the
morphology of ZIF-8. After repeated use for 7 times, SAET@ZIF-8 could still retain 67% of the
initial catalytic activity. Maintained at room temperature for 4 days, 50% of the original
catalytic activity of SAET@ZIF-8 could be retained, indicating that SAET@ZIF-8 has good
stability for reuse and storage. When used in the biosynthesis of Ala-Gln, the final concentration
of Ala-Gln reached 62.83 mmol/L (13.65 g/L) after 30 min, the yield reached 0.455 g/(L-min),
and the conversion rate relative to glutamine was 62.83%. All these results suggested that the
preparation of SAET@ZIF-8 is an efficient strategy for the biosynthesis of Ala-Gln.

Keywords: a-amino acid ester acyl transferase; metal-organic frameworks; zeolitic imidazolate
framework-8; L-alanyl-L-glutamine; immobilization

FOORR O — BhORRBR R AR W OE MR IR SR EGEE LA S, AMUT R,
(L-alanyl-L-glutamine, Ala-Gln), HA REFHKEE  H 2R 3 &Eﬁﬁﬁgﬁﬁfkiﬁzo TE 77 BE Il
PE . ERE T AR . At RS HE, SRERETHRERT, BUIwHEIT R —
BRI B MRS, Gl REHS R, SN S = Hi(EEFEI%O
E2 N R ) A D =212 1) LN b E IACE W ER AR, & A
WD N RS AT A DG I R AE IS L T TRAE SRR AR e, R A
RN BB THHUK A B A B e, I e B GUN A IR SOt s Ui, BRiE %
PEFIE M, S Bt EiifE vk ey  E 3 AR B RERREE LIAE R I B AR RRVE IS
FEEFRMOMTARGEEENRELE . HEINS  WEAS NS R, B0 SRR S
TR A R R AR AL G L 2E A T, {H fff(nonribosomal peptide synthetase, NRPS)!*'! |
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L-% KL 2 1% BE B (L-amino acid ligase, Lal)!'">*11)
N o34, 5% 2 g 19k 3k % % B (a-amino  acid ester
acyltransferase, AET)!""'1, NRPS J&2—J4rF
HERNEALZEGY, H—RIMEG A
B, e L WOE . i F AR IR TR R
N AR AR RR . BRI LA 12 F A A
YieE i F-Bodt NRPS R4 7 TR B0 A i A 28
WS (Bl X4 NRPS i 494 Bt B =
b A TA VAT B R, R ) o A A X LA S B H
=) B R G, MELLSEER P Ak o 02
Lals J& TR BERS AL AT — W FRAROR 11 2 IR - g 3% 422
(ATP-grasp) M K — 51, BARREWSfiEfL IR
PR L-IN AR L- AL & N4 Ik,
{2 H T A T A3 3R AR B TS R e M A 2 1 [
A, RRBRE T HAE A KA A s i
Mo AET B8 T2 ZAREAME G, BB
N2 B R Eh A LA 2 e R, 8 A
G N K. AR H R R B .
FREEA Frddr, (HR 5 T & ny fi Ak g
FUR Ay HA B N T T

A W AR R [ 5 78 22 FL 25 74 1 40 K ok
b ATRAUR KRR & HAE SO 26 F T R
PE R B S A . 4R A BLE 421 KL (metal-
organic frameworks, MOFs){F: i —Fi JCHL-F #L
YUK BE, EA 2B 285 . R
UK . R PR IL 3, Ak p ) iz i ]
T I A4 15 A2 e e 2 s R R b
#}(zeolitic imidazolate framework, ZIF)JfH 4
JRIFET(Zn, Co)FIDKME, alz& JEBRMeRT A
BEMT AL o H T 7E B A7 530 v i ek B4R 1 1
bV xR CANAF R ) B U, O LK e 75T AR i
T H AR ERT . FrLh, XFP ZIFs MUE& T
g iha I , FBTdiA MOFs ML
M, BInAE LR E AR . LA fFLIBZEH . R
SR A B A ARG AR

&: 010-64807509

N TRk SAET fEfifbid e P et 22 myml
W, AWFER s, BESIERL ZIF-8 AR
M SORR BRI A, 7RI AU i [R) iR T
FEAMI LA MOFs dhiAINER, 471% SAET@ZIF-8
ZNARIRL . XA RE S A e Ak, X
N Z1F-8 HESRHBEMA T, XA BRSO
B BAR G (PR e 4 P i 2 g JLASUE Ik o R 1A
AT IR A5 O BT S 0, B4 T
kAL SAET@ZIF-8 MfiEfLim 1, ¥t T
Ui 5 240 M % [ A A M B R AR E M, B
T HAENAT IR A R B IR O o

1 MHET%

L1
111 EHRFN AL

A 525 fie R W A T8 (Escherichia  coli)
DH5a. E. coli Origami(DE3) X Jii ki pET28(a)i
RS R AR AE . KRR T Sphingobacterium
siyangensis AJ 2458 1 saet FLF(GenBank & 5%
5 AB610978. 1) A T A9 TR () e A B
AFAIFEAEG B E. coli DH5a Fl T FURiAY
S AL $AE, E. coli Origami(DE3)f]F
SAET &K IR A
112 EEKFH

B il 1 P i Nde 1. Xho 1, T4 DNA %%
it PrimeSTAR® Max DNA Polymerase, aRE]
TaKaRa 723w 4 i BORL/N B il 523000 & L 3

W BRI T W) 6 S AH G L UK Marker T H

Solarbio /A Al .

B (Luria-Bertani B5770%) . HUAR R (FR%:
R, 50 pg/mL) bz Hopt A= iR F [ 2551
1.2 FiE
1.2.1 SAET ERFREHMFMME. RiRFIE
KB E N E %

PCR 3efEA B saet 3, TEZL R TEIX
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FE A e S 35 | ABR il S VI Nde 1/.Xho 1
PIEYIAL A, B PCR 47387 W) F Nde 1/Xho 1L
it U] I 3 v e 2 304K pET28(a). &RV A1 PCR
ISR 5, 6 BT AR AT 0 PH A v B — A 0 )
TIE, KON LA 4 FHASE SR A 44 4 pET28()-S .

14 pET28(a)-S JFURLIE i L AL E E. coli
Origami(DE3)I&AZ &S 4 il v, P fb+38 i
W PCR #ATHIUE, ¥R TRH N
Ep28S. ¥ Ep28S I T &AW E R 50 png/mL
KR Z M) 50 mL Luria-Bertani 557259,
37 °C. 200 r/min 555% 2 ODggo fHIEF 0.6-0.8 /2
FIMALHE 0.1 mmol/L )5 P %E-B-D-Hift
2k 7 B ¥ (isopropyl-B-D-thiogalactoside, IPTG),
16 °C.200 r/min 3557 10-12 h, #RJ5 4 °C .6 000xg
B0 10 min WERIR, T RIREIRERSZ Mk
(phosphate buffered saline, PBS, pH 7.0)#t% 3 X,

B 0.5 mL &, A 500 uL 545 10 mmol/L
Gln . 15 mmol/L Ala-OMe-HCI.pH 9.0 /9 0.1 mol/L
ifR-NaOH 22 njife, 1RAJJEHE 25 °CHEE/KIA
R RV 30 min, 6 000xg B5.0> 5 min, HUS R
W E DI KR B . TR A K v 3 ot g
RO IEAG I, B g sc kel
1.2.2 SAET@ZIF8 B &M EMETE

W —RIE”, KA TE R TR S P
B ZIF-8 MR RN BAER G, A M R
TE B4 TR) Bt s 20 B 5 | A LA > Hp 2920 BLpksi
W52, 100 mL AR HATA 500 uL B
N M B i 7 (Mw: 10 000, 10 mg/mL)Al
2.5 mL 4R (ODe00=3), IREIE], FIA
2 mL Zn(NOs),'6H,0 ##4 (0.3 mol/L)F1 25 mL
2-H LK R %5 5 (1.25 mol/L), IRA ST
30 °CHH3HE 15 min, 4 °C444F F B0 5 min, BR
2 FIEWAR IR SR sk e is, B2 liE s
MU, HAEVEE 3 WG, BB B 94K kL
HAVRUR T 10 h, K R15 19 MOF 44 K Bk iy
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20 SAET@ZIF8., AE K FEXT B, A1) AT [RIAE Y
Tk, KRR G E N TR KT
P2 30 2 R A ) A T 1812 AL, B R AT 9 K ks
fir%: J GFP@ZIF-8.

SAET@ZIF8 ML AFRERAL LA T HR
FEARAE: 96 RMEE(FM, S2 Ranger, Bruker);
Hitachi HT7700 B &G4+ B IMBE(TEM),
TETNBHE 120 kV T, MEHE G £ P
$i; Hitachi SUS010 A% G v F B 5%
(scanning electron microscope, SEM), 7E#
HLHE 20.0 kV &, UEHE M AYRTEIES; FTIR
Nicolet iS50 f& HLIMARHET SN EIEASGH TLL 4
TERE , FEEGER R 0 cm™ #] 4 500 cm ™,
HHFEEGFHE, HFEHE 4004 000 cm ™ i [
R DEA T4 BT B AT 5 XS 2 8y R AT 35 Bt
(XRD)R 5 XS4t (XRD-7000).

123 ETF SAET@ZIF-8 A A &I ERHE
BEMES

B 50 mg SAET@ZIF-8, JA 1.0 mL &4
100 mmol/L Gln. 125 mmol/L Ala-OMe-HCI. pH
8.5 MKMW, TR E 25 CHEEKIEHT
SV 40 min, 12 000 r/min &.0> 5 min, B WK
I 1.2.4 TR EITARI E AR KRB

AN R R vk T A S
5. EEWE 10K, #E SAET@ZIF-8 HAE{#
FARSE M I LA 25 40 M/ S X BRI A T 5230

fifEtasEdE: M 10 ¢ SAET@ZIF-8 1E% 1k
@25 C)fitits, FEbE 1 d BUH 50 mg SAET@ZIF-8
e AL RE 1 A4k, B HLAE AP e
I LA 25 240 A S X B R A 7 550
1.24 H#F*E

AT T LLAR R — H [ (o-phthalaldehyde,
OPAVE M HERTAT A AL A7, 45 A i OB A 2
TEVL, W E AR R TR A IR ST e AR K
A R AR, L 0.22 um A HLIERR S



KEE 2ETERANAEKLEENEE BRI S REERA SRR

U, FHE 15 min J5#EREI AT, EFEE 10 uL.

BAKZAF41F . UPLC (Waters); C18 #F
(Agilent 5TC-C18, 250 mmx4.6 mm, 5 pm;
Agilent Technologies Inc., American), iz

WEmRZE tP (12.5 mmol/L, pH 7.2):Z.JE=83:17;
W 1 mL/min, KE#S: PDA Kl (BOE I
K 338 nm, &K 450 nm)!,

— AN B E A T min PIAERYE 1T umol
7 P AR )

2 EREG5M

2.1 SAET@ZIF-8 K FM HIEHETE

T AN g AE ZIF-8 BN, @it
il FL A 5 175 S P T — B LA UL 1) L R S £ 1
By AN, T ARG A3 A M Jot B >
AN, LA Zn(NOs), Fl 2-H SEBRIE Ay J50R} ] £
ZIF-8 KA, 7E X — i B ok 2 5T A A
" 1R ] AR DRk B A B A S G 3L 1 0 2
[ BP0 T ke, SRE S0 2 265 200 L i P8 000 2 35 o
RKE T, T AER 53 40 R fb sk
K, HILA G LR R A Sy E R
J FF TR A A o BECRRT i BETRDAE B9 Jr ik kA7 T
E o THA P WA BT R IL(E 1), gkl
JEEE ARG H 4l I BE S B R T b 2, IR
G ECAE SR K SSORE 8 PR 5 i 2 41 4 L A TR T i
INIZGNAIBORRAR B N 5], BRI R, X R W]
FIFHIZ 7 1 5 A v v A L [ A0
2.1.1 FHEMOIHRESHT SAET@ZIF-8 HY
&

ZIF-8 JZHRIN T2 2 —FaHl 4
JE B ERA R, AT AR K R DL 2- R kg
FAEHLEC, 548 Zo® @t [ AR IR
Btk &9 ZIF-8. ¥4k, al<—iik”,
W5 (A0 ) i A2 ZIF-8 mi ik, #E ZIF-8 JE
RO FE PR S ZIF-8 SRSt e ZIF-8

&: 010-64807509

Bl1 RAEZRBIES T GFP@ZIF-8 B4
Figure 1 Analysis of the prepared GFP@ZIF-8
nanocomposites by fluorescence microscope.

23 BRATRAR v, RN o 25 1 [ Ak AR
SETELE, XFEFR ORI ROCR AT, IR R i
M T ZIF-8 B Zo® B £ 24 2 Fh (il R F1 S
BReE), SRR Zo® iR JE & &%t B bri sk
N B A T B — A BRI, i AR
S 6 o SR 0 B 2 P SRR X YR R ) i R A
Az’ itk Rk, XTRIS SAET@ZIF-8 ik
TS EL N EE . AR5, DL A 413
ZIF-8 dhARAVE XTI, B Uk B 4R 45 1 [ 2 fh 2
i SAET@ZIF-8 454 45 Hi:

LAMERE TR E A RS . FEAiET
HoFamm—fER, feiRANLERER .
WKl 2 firn, SAET@ZIF-8 5 ZIF-8 R A
A —3, [T, ATPIAI SAET@ZIF-8
16 422 em ' AbH P ZIF-8 1 Zn-N SRR 43R 50
WIS, 7E 694 cm ™ 1 760 cm ™ ik H BRBKR ML R
(R F- T /S AR S, 76 1 310 om b 3R
IR IR S 1 AT PN 25 AR S RS 7, 3 S S
Wi 55 SCHk R AE Y ZIF-8 B4R ST i — 3
[, SAET@ZIF-8 7£% 1 640-1 660 cm ™' Hi Bl
FE 1T 1) T e B 1) R S W i 0 B0 E 2 925 em !
T3 124 cm" BRE AL H BRI 14 Ji 5 1 7% 2 R
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100
_ 80t
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B2 FEMLIINES T ZIF-8 X SAET@ZIF-8
B
Figure 2 FTIR analysis of ZIF-8 and SAET@ZIF-8.

(1) C—H B 1) il 4 41 sl Wi i e, 5 Sk e — 3
FAN, AE 2 0004 000 cm ' X [H] P A —
#H, FEREHTFHETS C=C, C=N KHAh & &
fh2Fs T8, 2R G DL BT A gt it
T ZIF-8 #eREikir, HANMRE kXt ZIF-8
() AR AR S5 R 235 B 5

2.1.2 X B &AT75H(XRD) % #f SAET@ZIF-8 &Y
L)

&l 3 .7~ SAET@ZIF-8 5 ZIF-8 1Y XRD [&]
TEREA—3, ATHTEAI AR, 5 SR A Y
FRIEfT S AT (26=7.32°, 10.36°, 12.7°, 14.66°,
16.42°, 18.02°, 22.12°, 24.5°, 25.6°, 26.64°,
29.66°, 30.56°4%)1 A 5T o IR Y
J5 1k RE AT I AT 5 45 b B R A R ey e 2
FRLEE, R ML R 51 AN 2520 ZIF-8 B 48
FEATEAD,

2.1.3 SAET@ZIF-8 B3 BRE SiEG REN T
mE 4. K5 k¥, SAETL@ZIF-8 ShnifE
() ZIF-8 YK FIURL BT S0 A AR R BV, R4
MR 5T AR A B M AE ZIF-8 MBS .
SAETL@ZIF-8 A K Kifd K/MEXTES], HIRY
775 nm, EIFRMERZEE + EIAGES.

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

2500¢

2000+
—SAET@ZIF-8

1500 —ZIF-8

Intensity

1 000 |

500 ¢

'l

0 10 20 30 40 50 60
20(%)

3 ZIF-8 X SAET@ZIF-8 & XRD i[5
Figure 3 XRD patterns of particles ZIF-8 and
SAET@ZIF-8.

SUS010 3.0 kV 4.5 mm =450 k SE(UL)

1,00 i

775 nm

4 SAET@ZIF-8 §J SEM

Figure 4 SEM analysis of SAET@ZIF-8. A:
Nano-particles of SAET@ZIF-8. B: Nano-particle
of SAET@ZIF-8. C: Particle size of SAET@ZIF-8.



HEH BT RANAEHNL S ROE R EIR S R E RS — IS R

5E AR ZIF-8 Uk AH L (~400 nm), A5
il 25 00 [ 2 AL AR s, IR, Xl RE
M5 AR [HEf % SAETL@ZIF-8 3
ST R [RIRR B (AN R TUTRE , 3 T Rt 2
FH N AT T A5 &2, Hoh, wRg
JE TR B AN R S5, R AR R BK
WA R % L R ) 4 i 7 MILATE 2R 47 1) 36 4k 43 ) 25
P, X ZIF-8 {28 1) 45 e 3 32 B4
2.2 SAET@ZIF-8 HIE S5 HFnfEE = E %
WKl 6A firzn, SAET@ZIF-8 5% A% /1

Wil 25 (5 R BB I AR, MEE A 4 1K
(~90%))5 , MEALTE Bl AR i, HEE
T 7k )E, HAL R B E R AT 18 67%
Aoy TR A Y A 4 WOE, AR R
2 50% /5 R IR IS 11, iX R W] SAET@ZIF-8
HARIFMES AR EE. WK 6B PR, =
TAEAE 51 T (25 °C), SAET@ZIF-8 i 5%
B RE I, TREBBHE, 5 4 X
IF, [ A A O B A W IR B S 1Y 50% A5 7,
T 9iF7 25 110 448 B ot s S5 R 24 20% 19 i 4 T 0%

5 SAET@ZIF-8 ] TEM
Figure 5 TEM analysis of SAET@ZIF-S.

A 1101
100 [
—=— SAET@ZIF-8
9 90T \ —e— Free cells
z 80f N
£
5 70} &
2 60F \
§ 50 RN
40t e
e
30+
0 2 4 6 8 10
Cycles

100 |
< 80r —=—SAET@ZIF-8
iy i —e— Free cells
=
3] 60 N\
g 40t i
S
o~ %

N
20} R
0 2 4 6 8
Time (d)

6 SAET@ZIF-8 EEEMMEA)REFRE®B)KR
Figure 6 Reusability (A) and stability (B) of SAET@ZIF-8.
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71, UL ZIF-8 W EIERK T SAET WA
FE], LA R A R T .
2.3 SAET@ZIF-8 TR ZHKEME K+
A4 Kz FA

AT A 9T 45 R R B, SAET 7EfiEfk
BN AR RN, SRS BT E X Y
B AR B A A R A ST
SR FH A G4 Tk e AT 24 e T kR 5k 0 S n L
Bl A 0.8 R ] 7 P R HY Tk MR 6 1 e
125 mmol/L, A2 MERZAHEE A 80 mmol/L,
TE 25 °C. pH 8.5 5 T ilfAT i A5 R UKl 7
Jis, TS KA o B s I B[] ) 38 Jon i
WK o M 20 min B, A KRS EET
B KACE, 2420 30 min J5 A K0k EE 5
# 62.83 mmol/L (13.65 g/L), MIFPIA ki
28 P2 383k %] 0.455 g/(L-min), FXF T4 2 Mt
A Heh 62.83%

Concentration of Ala-Gln (mmol/L)

0 10 20 30 40
Time (min)

7 SAET@ZIF-8 {1k &M A& ARS8 B 2%
Figure 7 Time-course of Ala-Gln synthesized by
SAET@ZIF-8.

T ZHTBFSE(GR 1), AHFRPHE
TR S AR N, — 5 T T AR
FH B JEE Wy e BE 45 /N (125 mmol/L (Ala-OMe)/ 43
Z Mt 80 mmol/L (GIn)]. AR IEH, HUHE

F1 FALSERERER o BEREEBHBEYSHRA _RIERNIL

Table 1

Biosynthesis of Ala-Gln catalyzed by L-amino acid ligase and a-amino acid ester acyltransferase

Enzymes Operation mode Substrate Yield (Ala-Gln) Productivity Mole Time References
(mmol/L) conversion
rate (%, Gln)
Lals Catalyzed by pure enzyme L-Ala/L-Gln=20/20 2.59 mmol/L  0.370 mg/(L-min) 12.95 26 h [14]
Catalyzed by engineered L-Ala/L-Gln=125/100 71.70 mmol/L  14.400 mg/(L-min) 71.70 18h [15]
E. coli
Feed batch fermentation / 100.10 mmol/L  7.600 mg/(L-min) / 47 h [37]
of engineered E. coli
Catalyzed by pure enzyme L-Ala/L-Gln=30/30 22.40 mmol/L  5.800 mg/(L-min) 74.70 14h [38]
AETs  Catalyzed by pure enzyme AlaOMe/Gln=100/200 83.00 mmol/L  0.150 g/(L-min) 63.00 120 min [7]
Catalyzed by immobilized AlaOMe/GIn=200/400 55.80 g/L 2.790 g/(L-min)  45.00 20 min [16]
engineered E. coli
Catalyzed by immobilized AlaOMe/GIn=100/100 73.30 mmol/L  0.796 g/(L-min) 73.30 20 min [17]
engineered E. coli
Catalyzed by immobilized AlaOMe/GIn=524/524 321.00 mmol/L 1.740 g/(L-min) 67.00 40 min  [24]
engineered E. coli 69.70 g/L
Catalyzed by pure enzyme AlaOMe/GIn=600/480 78.20 g/L 1.955 g/(L'min)  75.00 40 min [35]
Catalyzed by immobilized AlaOMe/GIn=150/100 63.50 mmol/L  0.345 g/(L'min) 63.50 40 min [36]

engineered Pichia pastoris

Catalyzed by immobilized AlaOMe/GIn=125/80 62.83 mmol/L

engineered E. coli

0.455 g/(L'min)  62.83 20 min  This study

/: No given.
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T Jie R TN 22 R H T R R () s im EL R 0.8 BT
SAET MMEALRR SRy s[RI  k B2 1 25 4k
HB 231 BN A R A S B R A A IR
[l FR B R B (2 12%-15%)), 53— Jr T,
ACHIF 5 H e 3 LR A S 5 T B R R AT
W (E. coli Origami(DE3). E. coli BL21(DE3),
E. coli Origami(DE3) . E. coli CondonPlus(DE3)}%
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