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Expression of adenosine monophosphate deaminase in
Kluyveromyces lactis
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Abstract: [Objective] We constructed a recombinant Kluyveromyces lactis GG799 strain to
constitutively produce adenosine monophosphate (AMP) deaminase. [Methods] The codons of AMP
deaminase gene derived from Streptomyces murinus were optimized and used as template. We
designed primers and amplified the opt-AMPD gene. The opt-AMPD gene was cloned into the
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expression plasmid pKLACI. The recombinant expression plasmid was linearized by Sac II and
transformed into K. lactis GG799 by electrotransformation. We determined the AMP deaminase
activity of positive transformants. The AMP deaminase was purified by His Trap'™ HP and we
preliminary optimized the fermentation medium of K. lactis GG799. [Results] The codons of AMPD
gene were optimized and a recombinant K. lactis GG799/pKLAC1-opt-AMPD was constructed to
constitutively produce AMP deaminase. The AMP deaminase activity reached 586+50 U/mL after
optimizing codon. The purified AMP deaminase showed asingle band on SDS-PAGE and the
molecular weight by SDS-PAGE was about 60 kD. The preliminary optimized medium contained
40 g/L glucose, 20 g/L peptone, 15 g/L yeast extract, 8 g/l NaCl, 10 g/L KCI, 2 g/L MgSO,. The
activity of AMP deaminase reached 2 100+60 U/mL cultured in flask after 120 h at 30 °C with
agitation 200 r/min. [Conclusion] These codons of AMPD gene were optimized and AMP deaminase
was constitutively produced in the K. lactis GG799. It is a valuable exploration about high efficiency
recombinant expression and production of AMP deaminase.

Keywords: Kluyveromyces lactis, AMP deaminase, Recombinant expression, Fermentation optimization
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(5] 4] (Bacillus subtilis
AMP 6] WB600) AMP
AMP 2230 U/mL
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Table 1 The mainly strains and plasmids used in this study

Strain/Plasmid Characters/Applications Sources
E. coli IM109 opt-AMPD
opt-AMPD AMP
K. lactis GG799
pMD19-T vector Amp" TaKaRa

pKLACI

E. coli IM109  Amp

pKLAC1-0pt-AMPD LAC4

K. lactis GG799/pKLAC]1

K. lactis GG799/pKLAC1-AMPD AMPD

K. lactis GG799/pKLAC1-0pt-AMPD opt-AMPD

Amp" .
Note: Amp": Ampicillin resistance.

&2 XHATAZIRISIY
Table 2 Primers used in this study

Primers Sequence (5'—3") Restriction sites
AMPD-F-His CCGCTCGAGGCTCCACCACCTAGACAAGCA Xho [
AMPD-R-His CGGGGTACCTTAGTGGTGGTGGTGGTGGTGTCCTCTTGCATGTGCTCTTTCAAA Kpn [

P1 TACCGACGTATATCAAGCCCA
P2 ATCATCCTTGTCAGCGAAAGC
P3 CAGTGATTACATGCATATTGT
Note: The underlined are restr‘iction site.
1.1.3 EFE: LB 10 Bio-Rad 525BR Bio-Rad S1000 PCR
5 10 YPD Chemi Doc Bio-Rad
(g/L) 20 10 1.2 7%
K. lactis YCB (g/L) 1.2.1 AMP R EBgEEERFMIA:
YCB 11.7 pH7.0 KH;PO4K,HPO, 30 mL
( 30 mmol/L) 15 g
5 mmol/L K. lactis AMP
K. lactis GG799 K.
114 EZFFLE: lactis GG799 G+C
Fermentas Yeast Extract Tryptone 5'- GeneOptimizer AMP
(5'-AMP) Sigma
DNA Pfu opt-AMPD

PCR Master Mix

UV-Vis Spectrophotometer Q500

1.22 AMP iEBsEE AT
Quawell AMP opt-AMPD
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Oligo7 (AMPD-F-His AMPD-R-His)
opt-AMPD  PCR 2 uL
2xPfu PCR master mix 50 uL 25 mmol/L

2 uL ddH,O 44 uL. PCR
95°C5min 94°C30s 62°C30s 72°C90s
30 72 °C 10 min PCR

PCR pMD19-T

E. coli JIM109

123 &FH % & # K pKLAC1-opt-AMPD #
pKLAC1-AMPD H9#J % .

II K. lactis GG799 YCB
30 °C 4d YCB
YPD K.
lactis GG799
P1 P2 P2 P3 PCR
PCR 100 ng/uL. 1 uL 2xPfu PCR
master mix 25 pL. 25 mmol/L 1 uL
ddH,0O 22 uL. PCR 95°C 10 min 80 °C
2min 95°C30s 72 °C3 min 30
72 °C 10 min
125 SREXEITENE AMP aEsEeEH".

50°C30s

pMD19-T-opt-AMPD Xho I -Kpn I 13.9 mg 5'- 1 mL 0.08 mol/L
pMD19-T-opt-AMPD pKLAC]1 NaHCO; 0.1 mol/L
opt-AMPD pKLACI opt-AMPD pH 6.0 -NaOH 400
pKLACI1 4:1 10 pL T4 0.1x107 mol/L 3mL
DNA 16 °C 12h E. coli IM109 60 °C 5 min 100 pL
Amp AMP
Xho T -Kpn I pKLAC!1-0pt-AMPD 15 min 3mL 10%
1 3 mL
AMP AMPD 60 °C 5 min 3 mL 10%
K. lactis GG799/pKLAC1-AMPD 100 pL AMP
K. lactis GG799/pKLAC1-opt-AMPD
124 EUK. lactis GGT9F#LFHFFESEHN  0.001 1
I iE : pKLAC!1-opt-AMPD Sac (U/mL)=(AA25xKx10)/(0.001xT)
Opt-AAEgene ) Promote(i-MFy\ »""""‘),(ﬁ;t}AMPD
Promoter el sgl‘U. Kpn 1 Sal 1 1/‘:/'::/4;1 < ) / /[5(,;;1[[
Lac4-pR1 3 OME =500 e b O —sall
Sac 11 / ! \\5\\\\\1"95)?“;1; ADH2 |T4DNAligase ApR - PKLAlgls-g;gt;;MPD \ T LAC4
*Promoter ADH2

pKLACI
9091 bp

amdS
ApR

Sac' 1 Promoter LAC4-PBI 5 )

ori

ori §
= “amdS
Sal 117 \
Promoter

1 FIEHK pKLAC1-0pt-AMPD BI#4iE
Figure 1 Construction of expression vector pKLAC1-opt-AMPD

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



2345

AAss K

T min

1.2.6 FYEHH SDS-PAGE 73 #f:
K. lactis GG799/pKLACI1-opt-AMPD K. lactis

GG799/pKLACI 50 mL YPD
30 °C 200 r/min 120 h
10 000 r/min 5 min His Trap™

HP SDS-PAGE
127 &¥EREFEMHERNE:
10 000 r/min

5 min
2
K. lactis’/pKLACI1-AMPD K.
lactis/pKLAC1-opt-AMPD YPD
30°C 200 r/min 120 h
AMP
12.8 EMEAENYSMHKL: (1)
2%
3% + 2:1)
pH 7.0 44 h 2%
50 mL/250 mL 30 °C 200 r/min 120 h
0.5%—5.0% 3.0%
+ 2:1) 30 °C 200 r/min
120 h
2)
2% 3%
(NH4)2SO4  KNOs
+ (2:1) + 2:1)
+ (2:1) + 2:1)
+ 2:1
120 h
2%—6% + (2:1)

30°C 200 r/min 120 h
3)
2% 4%
+ (2:1)
2 g/L NaCl KCl CaCl, NaH,PO42H,0
KH,PO,4 KNO; (NH4)2SO4
30 °C 200 r/min
120 h
NaCl KCl 30°C 200 r/min
120 h
4
2% 4%
+ (2:1) NaCl 12 g/L
KClI 10 g/L 0.5 g/L
FeCls MgSO47H,0O MnSO4-H,O
ZnS0O47H,0 FeSO,47H,0 CoSO47H,0
NiSO46H,0 CuSO45H,0
30°C 200 r/min 120 h
MgSO47H,0
30°C 200 r/min 120 h
(&) 5
5 4
2 GRELMH
21 ERTRIMAL
AMP
493 G+C
72.33% 42.34% (CAI)
0.39 0.87 CATI>0.8
opt-AMPD

2
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T GCTCCACCACCTAGACAAGCAACCGCAGCAGAAGCAAGAACAGATGCATATTTGAGATCCGTGARAGATAGACCAGCAGCATTGAGAGCTTTCTTTAGACAATTACCAARAGGTGGAGAT
TDAYLRSYVEDRPAALRAFFRQLZPIEKGG GTD

A PPPRQATAAEAMALR
TTGCATAATCATTTATCTGGTGCTGTGTCAACTGAT TATTTGAT AGAATTAGCTGCAGAAGATGGTTTGTGTATTGATGCAACCATGACTGCTGTTCCATCTCCTTGTGGTCCAGGAACA
LI ELAAEDGLCTIDATMNTAVPSPCGPGT
AGACCTGCTGCAGATGCTAGAACCGATAGAGCATTCCATGATGCTATTGTTAGAGCATGGTCAATGCAAGATTTTCCACCTGATGAAMACGGTCATGATCATTTCTTTGATACTTTCGGA
RPAADARTIDRAFHDAIVRAWSNQDFPPDENSGHDIHTFTFDTTFG
AAGTTTGGAGAAGTGACATGGAGACATAGAGGTAAATTGTTAGCACAAGTCGCTGATACCGTTGTGGCTAACAACCAATCTTACTTAGAAACAATGGTGACCCCAGCTTCAGATGGAGCA
KFGEVTWRHRGELTLWAQVADTVVY ANNGSTYLETMNKVTPASDGA
AMACAATTGGCTGATCAAGTCGGTTGGGATGCAGAT TTGACAGCTTTACAT AGAAAATTGGCTGCAGG TGO AMAAT TGCATAAGTTAGTTCCAGATGCTAGAAMGGAAGCTGATGATGGT
KQLAD QVGWDADLTALHRETLAAGGEKELTDETLVADARTEKTEADTDSG
GATGCAGAATTCAGAGCTACCGAACATTGTGGAACTGCAAAGGCTAGACCAGCATGTGGTTTGACAGTCAGATGGATTAGTCAAGCTTCCAGAGGTTCTTCACCTGTTAGAGTGTTCACC
D AEFRATEHCGTAEKARPACGLTVRWISQASRGSSPVRVFEFT
CAATTGGATTTGGGTATGAGATTAGCAGAAGTGGATTCTAGATTTGTCG TG TAAATTTGGTCCAACCAGAAGATTGGGATAGTTCCTTGCAAMACTACTCATTGCAAATGAGAATGGTC
@ LDLGNRLAEVYDSRFVAVNLVGEPEDWTDSSLENTYSL@NRNVY
GGTTATTTAAGAACCGTATACCCAAAGGCACATGTTACTTTGCATGCTGGTGAATTGTGGCCAGGATTGGTAAAGCCTCAAGCTTTGAAGTTCCATATCGCAGAAGCTGTTGATGTGGCA
G Y LRTVYPEAHYVYTLHAGETLWPGLVETPEUALEKTFHTIAEWAVDYV A
CATACTCAAAGAGTTGGTCATGGAGTCGATTTGGTACATCAAGATAATTGGCAAAGAACTGCTAGAACAATGGCTGCAAGACAAATCGCAGTAGAAGCTCCATTCTCTTCAAACGCACAA
HT®Q RV GHGVYDLVHETDIN®WORTARTIMNAARG I AV EAPTFS S NARQQ
ATATTAGGTGTTAAAGGAGCTGAACATCCTTTCACTACAT ACAGAAGATACGGAGTACCAGTCGTATTGGCTACTGATGATCCTGG TG TTAGTAGAATAGATATCTCCCATGAATACCAA
I L¢GVEGAEHPFTTTYRRYGVPVYVLATDDPGVYSRTITDTIZSHETAQ
TACGCTGCAGCTACATATGGTTTGGGATACCCAGAATTGAAGGATTTAGCAAGAGCTAGTTTGCAATATGCATTCTTACCTGGTGCTTCCTTGTGGCAAGGAAATCCAACAGCACAAGGT
T A AATYGLGYPELZE KTDLARASLAQYAFLPGASLWQGNPTARQG
TACCATCCTGTTGCAGCTTGTAGAGCTGAAAGACCAGGTCAACCTGTTCATTCAGTGGCATGTAGAAGATTGTTAGATGGTAGTGCAAGAGCTAGATTGGAATGGAGACAAGAAGCAGCA
G Q@ PVHSVACRRLLTDGSARARLEW®WER® EAA

T HP VA ACRAETRTPE
TTCGCAGCATTTGAAAGAGCACATGCAAGAGCATAA
F A AF ER A R G =*

H|A

B2 fiLiEH AMP B SEEREFS
Figure 2 The opt-AMPD gene sequence of optimized condons

22 75 AMP BEEFEARE K. lactis GGT99 4912 &
S%RiE 11 501
221 opt-AMP i REBRITERE S 3 4T: opt-AMP 5077
3 1 159—1 700 bp
(1476 bp) 1700
222 EEFEXER pKLACI-0pt-AMPD AI#4 1159
i Xhol Kpnl
4 pKLACI1 9 046 bp
1 476 bp opt-AMPD
pKLACI
&4 FLHF K pKLACI1-0pt-AMPD EF 11481
bp Figure 4 The enzymatic digestion of pKLAC1-opt-AMPD
Note: M: Marker; 1: Recombinant plasmid pKLACI-opt-AMPD
digested by Xho [ and Kpn I .
11501 —|
5077 — 2.2.3 FHE K. lactisspKLAC1-opt-AMPD FR45%
& F BY 7 ik & % 5 LAY 36 i -
1700 — Pl P2
1159 —
805 —| P2 P3 PCR 5
Pl P2 1.9 kb opt-AMPD
K. lactis DNA P2
P3 2.3 kb opt-AMPD  LAC4
3 opt-AMPD EF# PCR 4 6

Figure 3 The PCR product of opt-AMPD gene
Note: M: Marker; 1, 2: opt-AMPD gene PCR product.
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5 E4AHE opt-AMPD EEE ST
Figure 5 The integrated identification of recombinant
opt-AMPD gene
M Marker 1 K. lactis/pKLAC1 PCR
2-4 K. lactis/pKLAC1-opt-AMPD PCR

Note: M: Marker; 1: PCR product of K. lactis/pKLAC1; 2-4: PCR
product of K. lactis/pKLAC1-opt-AMPD.

bp M 1 2 3 4 5 6

11 501

5077
2838

1 986
1700

1159

6 EE opt-AMPD EE S #E N B ELWIE
Figure 6 The multiply integrated identification of
recombinant opt-AMPD gene
M Marker 1 3 5 K. lactisspKLACI1-opt-AMPD  P1
P2 PCR 2 4 6 K. lactis/pKLACI1-opt-AMPD
P2  P3 PCR .
Note: M: Marker; 1, 3, 5:

PCR product of K.

lactis/pKLAC1-0pt-AMPD in P1 and P2; 2, 4, 6: PCR product of K.

lactis/pKLAC1-0pt-AMPD in P2 and P3.

2.2.4 FLAH K. lactis GG799/pKLAC1-0pt-AMPD

FILFEHRY - K. lactis/pKLAC1-opt-
AMPD K. lactis/pKLAC1 His
Trap™ HP SDS-PAGE 7
K. lactis/pKLACI K.
lactis/pKLAC1-opt-AMPD 55 kD
70 kD 60 kD
K. lactis/pKLAC1 opt-AMPD
K. lactis GG799
2.2.5 ELHE AMP i S EEEE N E AMP
8
kD M 1 2
170— 5
130— S
100— W
70—
55— -
40—
35—
-
-

7 EAE opt-AMPD B H Bk E

Figure 7 SDS-PAGE analysis of opt-AMPD secreted by the
recombinant strain

Note: M: Marker; 1: K. lactis’/pKLACI; 2: K. lactis/pKLACI1-opt-
AMPD.

700 [ 1Before the condon optimization

600 ] After the condon optimization
3 o
£ s00¢
< T
Z 400}
&=
3 300}
a
=
S 200}
<

100 |

0
448 60 72 84 108 120

Fermentation time (h)
8 ERTMILEEL AMP I EBEEEE
Figure 8 The activity of AMP deaminase before and after
Codon optimization
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AMP 316+£30 U/mL 586 U/mL
AMP 586+40 U/mL 2%
85% AMP 232 EFERBRRARMFMENELAR
AR 11
AMP K. lactis
. 141 [_1Dry weight £ 1120
23 EAEEBEFENOMRKL b B Reliveaeiviy
s N N —_— I ) 100/\
231 HEFERERBIEN RS EA 6 il i, 3
KBS 9 N g PRI s
! 160 2
= o 2
) i =
s 4t 40 ;ﬁ
2L 120
0 0
0.5 1.5 2.0 25 3.0 40 50
Carbon source concentration (%)
K.
lactis/PKLAC1-0pt-AMPD  opt-AMPD 10 BORARE R BARE KR HEA M
Figure 10 The effect of carbon source concentration on
LAC4 cell growth and activity of AMP deaminase
127 [ 1Dry weight 1120
[ 1Relative activity
[16] 10 I h . 1100 _
~ A L &£
10 281, f g (g3 &2
= 3
o6l 160 2
z 2
0 ~
2% 2+ {-‘ ﬂ_‘ 420
LAy
i IDry weight 1120 A BCDEFGHTJKLMN
2l 5 o [ TRelative activity I Nitrogen source
& 3
St || g w§i B 11 REEENERE KRR
%" gl | o Figure 11 The effect of different nitrogen sources on cell
& 160 § growth and activity of AMP deaminase
2 61 2 A (SCR) B (SCR) C (OXOID)
£ o4l 140 5 D (OXOID) E F (SCR) G
3! I H I J K (OXOIDY+
H*ﬂ* rﬁ (SCR) L (OXOID)+ (OX0ID) (2:1) M
0 0 (OXOID)+ (SCR) (2:1) N (SCR)+

'ﬂ\ \(\

Carbon source

B9 AREERIRXEAREKFEEERI R

Figure 9 The effect of different carbon sources on cell
growth and activity of AMP deaminase

(OXOID) (2:1).

Note: A: Beef extract (SCR); B: Tryptone (SCR); C: Yeast powder
(OXOID); D: Tryptone (OXOID); E: Corn steep liquor; F: Yeast
extract (SCR); G: Soybean meal; H: Cotton seed meal; I:
(NH4)2S04; J: KNOs; K: Tryptone (OXOID)+Yeast extract (SCR)
(2:1); L: Tryptone (OXOID)+Yeast powder (OXOID) (2:1); M:
Tryptone (OXOID)+Beef extract (2:1); N: Tryptone (SCR)+Yeast
powder (OXOID) (2:1).
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NaCl 12 g/L
+ 2:1) 1 311 U/mL KCl 10 g/L
+ (2:1) 1 104 U/mL 14 15 NacCl
12g/L  KCl 10 g/L
12 234 BREECREBETFREEREBETFHRAMENE
4% HEEBRI R :
+ 2:1) 16 Mg
4% 690 U/mL Mg’ Fe’
233 EFEXNRRENLOFMBMELSE 20" G
FEEBRY 2 Mg**
13 NaCl KClI 17 Mg* 2 g/L
1 540 U/mL
10 - % gr{ v.veight. 1120
I o T —I—e athfi;Cthlty 10 [_IDry weight 240
8t + 1 100,\ :| Relative activity
_ + S | R Mm EH ®mOF 1200
S _} 180 = 8r = | P g L —
2 6 - = ) i S
- =z = {160 <
5 160 B8 <6l ) I
i 4l 2 S 11208
140 & z 4l 5
= & 2 180 &
2r 120 A o
2t 140 &
0 0
2 3 4 5 6 3 P A S A R A R A R A A )
Nitrogen source concentration (%) 0 2 4 6 8 10 12 14 16 18 20

The concentration of NaCl (g/L)
12 RRKRENELAEE KK~
Figure 12 The effect of nitrogen sources concentration on 14 NaClKE X EERE KRR
cell growth and activity of AMP deaminase Figure 14 The effect of NaCl concentration on cell growth
and activity of AMP deaminase

12 [_1Dry weight 1120
- [ IRelative activity 10 - [_1Dry weight -200
10 1 ] o T F 1100 [ Re{atlve activity
= SHIENN BaEs o 1}% i & & P el
= 8t ] 180 %‘ gL ENN %%+{%—160A
2 -2 @) o X
2 S S <
qogn 6 1% ¢ z 6f h 1120
Z, 4t 140 2 ol g
S e ; 4l 180 2
- 120 5]
oL 0 2+ 140
\'&(b'% ‘b C\'» $03 %Ob« |
¢ > \X ‘Ggm ‘6 8 O U d N B P )
e 1 C 0 2 4 6 8 10 12 14 16
Mineral salt The concentration of KC1 (g/L)
E 13 AR EHE E AL KNEEEF 0 & 15 KClIREXNEHES KR BRI
Flgure 13 The effect of different mineral salt on cell Flgure 15 The effect of KCI concentration on cell growth
growth and activity of AMP deaminase and activity of AMP deaminase
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12 [_1Dry weight 1120
L [ Relative activity

10 F Pt B 1100 <
% 8t | |[] n (R RS
= d=
S 6 160 8
o o
=3 >
- 140 5
a | o

2k 120 &

0 1
Cw‘”’ 0‘%\8«2\ «e\ &\ «a «a Qu 00"

Metal ions

E 16 AREESETFMEKREKIEEEHIN

Figure 16 The effect of different metal ions on cell growth
and activity of AMP deaminase

10 - r¥ welght 1160
elative activit

- 1 +_|I_:|—I— ER Y 41140
S 8r - L {120 &
= 2
% 180 8
o
; 4+ 160 =
a | =
5| lao 2

120
0 0
0 1 2 3 4

The concentration of MgSO, (g/L)

B 17 MgSO, KR E 3 B 40 B A4 K & Fo B R 20
Figure 17 The effect of MgSO, concentration on cell
growth and activity of AMP deaminase

235 EXRSL.
Li(5% 5 4
3 4

>MgSO,> >

>KCI>NaCl AzB,C,DE;F,
40 g/L
20 g/L 15 g/L NaCl 8 g/l KCI
10 g/L MgSO, 2 g/L
2 100+60 U/mL (
586 U/mL) 2.6
4 Wie
AMP
AMP
AMP K. lactis
K. lactis FDA GRAS (Generally
regarded as safe)
71 K. lactis
[18]
AMP K. lactis
AMP K. lactis
2 100+60 U/mL
AMP
AMP
60 °C pH
K. lactis AMP
AMP
[19] [15]
Morisaki P AMP

®3 EXTERITE

Table 3 Table of orthogonal test design

Factor Glucose (g/L) Tryptone (g/L) Yeast extract (g/L) NaCl (g/L) KCl1 (g/L) MgSO; (g/L)
1 20 10 10 8 6 1
2 30 20 15 10 8 2
3 40 30 20 12 10 3
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x4 EXTWERE

Table 4 The results of orthogonal experiment

ATIERE  BEAN  CREBR  DAULH  ESULE  FRMEE Gl AMPD
Test Glucose Tryptone Yeast extract NaCl KCl1 MgSO4 Empty AMPD activity (U/mL)
1 1 1 1 1 1 1 1155
2 1 2 2 2 2 2 2 1785
3 1 3 3 3 3 3 3 890
4 2 1 1 2 2 3 3 860
5 2 2 2 3 3 1 1 2 050
6 2 3 3 1 1 2 2 1 885
7 3 1 2 1 3 2 3 2 165
8 3 2 3 2 1 3 1 1675
9 3 3 1 3 2 1 2 1 800
10 1 1 3 3 2 2 1 1335
11 1 2 1 1 3 3 2 1215
12 1 3 2 2 1 1 3 1310
13 2 1 2 3 1 3 2 1520
14 2 2 3 1 2 1 3 1 850
15 2 3 1 2 3 2 1 1785
16 3 1 3 2 3 1 2 2 145
17 3 2 1 3 1 2 3 1 805
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