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Abstract: Adenylate cyclase (AC) is essential for the enzymatic synthesis of cyclic adenosine monophosphate
(cAMP). In fact, AC catalyzes the synthesis of cAMP and pyrophosphates (PPi) by adenosine triphosphate (ATP). In this
study, Thermomonospora echinospora-derived AC (TeAC) was heterologously expressed in Escherichia coli. Following
purification of the protein via affinity chromatography, its enzymatic properties were analyzed. Thereafter, the protein was
utilized for the catalytic synthesis of cAMP. After inducing the expression of recombinant 7eAC in E. coli at 16 'C , TeAC
was purified via affinity chromatography on a Ni column. Based on SDS-PAGE, the band of the protein of interest corresponded
to 40 ku, which aligns with the expected protein size. The optimal temperature and pH of recombinant 72eAC enzyme were 50 ‘C
and 10.5, respectively. Enzyme kinetic analysis revealed K, V.., and K, values of 115.1 mmol/L, 64.52 pumol/(mg-min), and
8.13 5™, respectively, for enzymatic catalysis using the ATP substrate. After 11 h of the reaction catalyzed by TeAC, the yield of
cAMP was 19.1 g/L. Overall, TeAC with efficient catalytic performance was successfully expressed, and its application in the
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catalytic synthesis of cAMP led to increased yield and production efficiency. This study lays the foundation for the enzymatic

synthesis of cAMP.
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Fig.1 Schematic of adenylate cyclase catalytic reaction
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i, fEREEW N 50 uL (¥ IPTG (1 mol/L),
B S 2K BEAE 500 umol/L K, 16 ‘C, 180 r/min,
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Fig.2 cAMP Standard curve
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17, LA O min FIBEEE 714 100%, SRR T4
17— & B ] I BG RIAE TG 7T (%), R4l R] - Bl
FEXFIE J 4%
1.2.8 M3 EINLEE £ BRHEAL A CAMP

JBIAE 2 mL B0 AT AR B R BT
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2. 3. 4. 5. 6. 8. 9, 10, 11, 12 h J5 | '€ cAMP
(7= 5. & Al KA B B s AR R AE N2
XTI, BEANRE A E 3 AT, ] cAMP ()77 5 -
S J¥) FH 28
12,9 BERHT

A RE X E 3P F1{T, F Microsoft Excel
2019 AT = APAT IRV cAMP W [ X~ 35 {8
HIFRE R, BT €245 F GraphPad Prism 9.5.0 231




MR B R

Modern Food Science and Technology

2024, Vol.40, No.3

5000

3000
2000

1500 |

1000
750

500

optimized
sequencing
optimized
sequencing
optimized
sequencing
optimized
sequencing
optimized
sequencing
optimized
sequencing
optimized
sequencing
optimized
sequencing
optimized
sequencing
optimized
sequencing
optimized
sequencing
optimized
sequencing
optimized
sequencing

ATGGCGAGTCAGAACGGCGCGAGCGGCAGCCGCCCACGCCGTGATCCGGGCGCGGGTGCCGGCCGCCTGCCGGATCCGCGCGAAA
ATGGCGAGTCAGAACGGCGCGAGCGGCAGCCGCCCACGCCGTGATCCGGGCGCGGGTGCCGGCCGCCTGCCGGATCCGCGCGAAA
.............................................................................
TTGAAGAACTGTTACTGGGTGGCGAATTACGCTATACCCGCGCGGATGCGGTGCGCCTGGGCGGCGTGACCTGGGAATTTAGTCAGC
TTGAAGAACTGTTACTGGGTGGCGAATTACGCTATACCCGCGCGGATGCGGTGCGCCTGGGCGGCGTGACCTGGGAATTTAGTCAGC
tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt
GCCTGTGGCGCGCGCTGGGCTATCCGCATCTGAGCGAAGATGCGGTGGCGTTTACCGAAGGCGATATTGCGGCGCTGTGTCAGATTC
GCCTGTGGCGCGCGCTGGGCTATCCGCATCTGAGCGAAGATGCGGTGGCGTTTACCGAAGGCGATATTGCGGCGCTGTGTCAGATTC

...............................................................................

GCCGCCTGATGGATGAAGGCGTGCTGGATGAAGATGGCGCGATTCGCCTGGTGCGCGCGTTTGGTCAGACCATGACCCGCCTGGCGG
GCCGCCTGATGGATGAAGGCGTGCTGGATGAAGATGGCGCGATTCGCCTGGTGCGCGCGTTTGGTCAGACCATGACCCGCCTGGCGG

GCGCTGGCGGCGACGGCCGAGGACCCGGCGGCGGCCCGTAGCCAAGCGACCGTGGGCTTTGCGGATATGGTGAGCTTTACGCAGAT
GCGCTGGCGGCGACGGCCGAGGACCCGGCGGCGGCCCGTAGCCAAGCGACCGTGGGCTTTGCGGATATGGTGAGCTTTACGCAGAT
.............................................................................
GAGCCGCGAACTGGAAGAACCGGAACTGGCGCGCGTGGTGGAACGCTTTGAAGAAACCACCGCGGATGTGGTGGCGAGCCGCGGT
GAGCCGCGAACTGGAAGAACCGGAACTGGCGCGCGTGGTGGAACGCTTTGAAGAAACCACCGCGGATGTGGTGGCGAGCCGCGGT
...................................................................................
GGCCGCCTGATTAAAACCCTGGGCGATGAAGTGCTGTTTAGCGCGGATAGCCCGCGCTTAGGCGGCGAGATTGCGCTGAGCATTGCG
GGCCGCCTGATTAAAACCCTGGGCGATGAAGTGCTGTTTAGCGCGGATAGCCCGCGCTTAGGCGGCGAGATTGCGCTGAGCATTGCG
***********************************************************************************
GAAGCGATTAAAGATGAAACCGAAATGCCGGATGTGCGCGTGGGCGTGGCGTATGGCCCGGTGCTGCCGATGCGCGGCGATCTGTTT
GAAGCGATTAAAGATGAAACCGAAATGCCGGATGTGCGCGTGGGCGTGGCGTATGGCCCGGTGCTGCCGATGCGCGGCGATCTGTTT
..................................................................................
GGCACCACCGTGAACCTGGCGGCGCGCCTGACGAGCATTGCGCGCCCGGGCGCGGTGGTGATTGATGCGGAACTGGCGGCGGAACT
GGCACCACCGTGAACCTGGCGGCGCGCCTGACGAGCATTGCGCGCCCGGGCGCGGTGGTGATTGATGCGGAACTGGCGGCGGAACT
-----------------------------------------------------------------------------------
GGAAAAAAGCGATGATTATAGCGTGACCCGCATTGTGCGCCGCCCGGCGCGCGGCCTGGGCATTATTCAGCCGTATGTGCTGCGCCGC
GGAAAAAAGCGATGATTATAGCGTGACCCGCATTGTGCGCCGCCCGGCGCGCGGCCTGGGCATTATTCAGCCGTATGTGCTGCGCCGC
********************************************************************************
GCGACCGGCAGCTAA

GCGACCGGCAGCTAA

xxxxxxxxxxxxxxx

& 3 Top10/pET-28a-TeAC HE % PCR £ EB SMIF &Rt E

Fig.3 Colony PCR identification and sequencing results comparison of Top10/pET-28a-7eAC
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Fig.4 SDS-PAGE analysis of 7eAC expression and
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W £E 1) B A RE S R 4T SDS-PAGE 43T,
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55. 60, 65. 70. 75 'C) TFH TeAC IS, 45 f£ 50 'C N HAEAF pHAE (6.0, 7.0, 8.0. 9.0,
W&l Sa fios. 7€ pH{H 10.0 &, 75 TeAC () i& 9.5, 10.0, 10.5, 11.0, 12.0) F TeAC I fiE %, 45
IEH 50 C. ¥ 5a % 35~55 CK, TeAC Refiff Rl 5b frs. fEHOEEREE 50 CR, WS TeAC
50% LA AR R /s O BEAE 60 CHY, TeAC ) B¢ 38 S B pH BN 10.5. TeAC [l £ W8 B 1) 14 J5
FHXT RIS SR B 3.3% 5 M PMRE EFHE 65 CUL %1 pH {E Y0 % %8, 78 pH A 10.0~12.0 2 [A] A BT,
B, TeAC e EBHE . & pH 18 6.0~9.5 Z [a] JL-F A DU A B B

T E TeAC B 1) 55008 [N pH E, 7 B i

a 100 b 120
90
o 80F < 100
3 7o 3 80
£ oo £
S 50t S 60
2 40r 2
5 30t 5 4
& &
20 [ 20
10+
0 1 1 1 o "y @ | O |
30 40 50 60 70 80 13
Temperature / 'C pH value
B 5 iRE. pHEX} TeAC EgiE I RNT
Fig.5 Effect of temperature and pH on activity of 7eAC
® 1 ACEHNFSHALEEFILR
Table 1 Comparison of AC kinetic parameters and specific activity from different sources
Source Substrate K, /(mmol/L) V,,/[umol/(mg-min)] K, /(s") K../K,/(Ms") Specific activity/(U/mg) Reference
Thermomonospora sy 115.10 64.52 8.13 70.63 69.90 This work
echinospora
Arthrobacter sp. 6]
CGMCC 3584 ATP 7.56 5.06 / / 3.04 2012
Yersinia pestis ATP 0.210.01 8.4+0.2 0.0057 2.7x10’ / 20115
Bordetella pertussis ~ ATP 0.60 / 4600 7.6x10° / 2014
Escherichia coli ATP 0.17 / / / 0.78 2008
Rattus norvegicus ATP 0.6 / / / 67 200274
Mycobacterium = 0.05 / / / 0.48 20012
tuberculosis
Saccharomyces [26]
o ATP 1.6 / / / / 1976
cerevisiae
Turneriella parva ATP / / / / 0.0533 201557
E )T RTRMERRAA.
% 2 Thermomonospora echinosporaskiE IR FHBRIMLEBEE HRFIIER
Table 2 Information of the Adenylate cyclase from Thermomonospora echinospora
AR ARUE /% Genbank %% AAEBHE »FZ/ku Fa R
TeAC 36.68 WP 103944093 350 37.88 4.93 Thermomonospora echinospora

E: MBI kTG Arthrobacter sp. CGMCC 3584 % F 64 AC 69ARIAEL,
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Fig.6 Determination of kinetic parameters of 7eAC by double

reciprocal curve method
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B 1) J5 O BES J0, RIVIZBEAE 35 CRIE 15 min J5
TR AR B PR B I 20% 5 30 CARIE 15 min J5 4R R
TERBE 2] 50%, HiR 15 min Ji5 5% A B B AR A W8 R
9%/0, 30 min 5 ARBHE VIR L 40%, 90 min 5
Bk 4% B U AR 3R 6 £ 20%, 120 min J5 5% 4 B % 15 1
76 10% L . TeAC 75 4 C F{EfE2 h N, R4
TR 29 80%~90%.
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Fig.7 Storage stability analysis of 7eAC
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Fig.8 Thermal stability analysis of 7eAC
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TeAC fEALVERE R 4F, (HREMAENE B A
RN T A P R 2, R B D UG SR R T
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R W TeAC W1 20 B T B 72 i 4k & i cAMP.
Kl 8 W] TeAC 1£ 11 h AL Z5 L cAMP 1177 5 A
19.10 g/L, T2 h AR, 78 2~11 h 3G
FeAR I TR . FZBgdt 1T g2 b & B cAMP
(77 & 1 B ATV R B A ) cAMP 1) 15
FEE 11.04 g/L, FFBS & T H AT SCERIRIE R A R
ff e i 18.45 g/L. BR B = i T B A
e, (B4 ER R KHL) 19.10 g/L &, 4
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AEFERE 3.08 g/(L-h)e A7 RCRAR A IR [R5 1 34
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Fig.9 TeAC catalyzes production of cAMP
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