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Abstract: Objective To screen copper-containing amine oxidase (CAQ) with high activity from Huperzia serrata, reinforce the synthesis
of huperzine A (HupA) by bioengineering method, so as to provide the theoretical basis for the progress of new drug development. Methods
Based on RNA-seq data and rapid amplification of cDNA ends (RACE) technology, a CAO-like gene named HsCAO2 was identified from
Huperzia serrata. Results The full length of HSCAO2 cDNA and coding sequence (CDS) was 2696 and 2199 bp, respectively, encoding a
732-amino acids deduced protein. Sequence alignment results indicated HsCAO2 contained both conserved domains and Cu?* binding sites.
Phylogenetic analysis showed that HSCAQO2 shared the highest similarity (91.67%) with HSCAOL, another CAO verified in H. serrata. The
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secondary and 3-D structures of HSCAQO2 simulated by online softwares indicated that HSCAO2 might exist as homodimers in H. serrata.
Furthermore, the overexpression vector pOX-HsCAO2 and in vitro protein expression vector pET-28a (+) -HsCAO2 were constructed.
Conclusion HsCAO2 might be a new functional CAO which has not been reported before in H. serrata. The successful construction of the

overexpression vector and in vitro protein expression vector lays a foundation for further study of its biological function.

Key words: Huperzia serrata (Thunb. ex Murray) Trev.; huperzine A; copper-containing amine oxidase; gene identification; vector

construction
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length of HSCAO2 cDNA

1 HsCAO2 Rl EZ#I RACE 1 (A) MmIBX LK
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Fig. 1 Electrophoretograms of RACE amplifications of
HsCAO2 fragments (A) and full length amplification of
HsCAO2 cDNA (B)
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CAO I FHI AR L RN, 4 B F 45 & 0 U 20 , S ORE S FH I 4 AR BRIk I F#2R : HsCAOL- Huperzia serrata CAOL,
AER93284.1 AtCAO- Arabidopsis thaliana CAO, AAB87690.1 LcCAO- Lens culinaris CAO, AAB34918.3 LsCAO- Lathyrus sativus CAO,

ALE71304.1 PsCAO- Pisum sativum CAO, BAA77206.1
— indicates conserved domains of CAO

* indicates Cu?* binding sites # indicates four key amino acid residues in activation center. HSCAO1-H.

serrata CAO1, AER93284.1 AtCAO-Arabidopsis thaliana CAO, AAB87690.1 LcCAO-Lens culinaris CAO, AAB34918.3 LsCAO-Lathyrus

sativus CAO, ALE71304.1 PsCAO-Pisum sativum CAO, BAA77206.1

2 HsCAO2 5HEfb¥fs#) CAO SEBLFFFHIEIRME L3t
Fig. 2 Sequence alignments of HSCAO2 and CAOs from other organisms
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02
E 3 HsCAO2 & FitE i
Fig. 3 Phylogenetic analysis of HSCAO2 and CAQOs from other organisms
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10 20 30 40 50
Strand 1 Helix Coil [ ] pisordered

[ Disordered, protein binding || Putative Domain Boundary

[l Re-entrant Helix

Extracellular

Membrane interaction
Cytoplasmic

Transmembrane Helix

Siganl peptide

B4 FUAEY HsCAO2 A RLEH
Fig. 4 Predicted sencondary structure of HSCAO2

5 FUNE HSCAO2 & H = REMFARMA IR Y3 1M4E
REFRERRTH CEEUR

Fig. 5 Predicted 3-D structure of HsSCAO2 and three
histidine residues as conserved Cu?* binding sites

3.3 HsCAO2 FTixFH kI
pOX-HsCAO2 EZH H ARk it ik # i 6 fro,

7£ HsCAO2 Wi 51 N\ Kpnl #1 Sall Bg¥)67 A, 433
P Kpnl A1 Sall BEYIA7 25K HsCAO2 JEA, iEHz
Blunt-zero v F£#f4, 43%| Blunt-zero-HsCAO2. H
Kpnl #1 Sall #4750 E) (B 7-A), K/NA 2199 bp
AR BOERRE, FE S5 FEFEA Kpnl 1
Sall HEATEEIN pOX #i A T4 DNA &I IES:,
o} 5 2 R HEAT BV PCR 363 (B 7-B) AEE D)%
ik (B 7-C), FRAG RN 2199 bp 747 1 H )
A B IE YR IE I A pOX-HSCAO2 #4 2 fT) -
[ H 40 & 6 Fron i) 8 pET-28a (+) -HsCAO2 #i 44k,
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- L 4 ]
R 14079 bp HsCAO2 5369bp ¥ HsCAO2
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HsCAO1 -7, b 7568 bp
Kpnl S A, LB
p e
CaMV358 g .
CaMV3552

6 pOX-HsCAO2 #1 pET-28a (+) -HsCAO2 EAH (A MiEiTiZ~EE
Fig. 6 Schematic diagrams of vector construction process of pOX -HsCAO2 and pET-28a(+)-HsCAO2
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5000 by 15000 bp—
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2000 bp— 199 b B p
P 30000 — 2199 bp
D EI | 347 F
5000 bp 5000 bp— — 5369 bp
2000 bp —| - 2199 b
P 2100 bp 20000D p

A-% Kpnl I Sall R UL 57 ) Blunt-zero-HsCAO2 5 [ 5 4 fy XU It 1) B¢ i J6E i L vk ] B-pOX-HSCAO2 5% f PCR 3 iiE Hi ik &)
C-pOX-HsCAO2 XU M V) 4% iE B3k ¥l D-% EcoRl I Sal | Ag )AL = Blunt-zero-HsCAO2 v, B & 44 117 XUl 1) B¢ i Wl 46 1 e Uk 12
E-pET-28a(+)-HsCAO2 i.[% PCR G iE HIJk 8l F-pET-28a(+)-HsCAO2 XU 11536k H vk &)

A- Electrophoretogram of double enzyme digestion of recombinant Blunt-zero-HsCAO2 using Kpn land Sall B- Electrophoretogram of verification of
pOX-HsCAO?2 colonies by PCR  C- Electrophoretogram of double enzyme digestion of recombinant pOX-HsCAO2 D-Electrophoretogram of double
enzyme digestion of recombinant Blunt-zero-HsCAO2 using EcoRI and Sall E- Electrophoretogram of verification of pET-28a(+)-HsCAQ2 colonies
by PCR  F- Electrophoretogram of double enzyme digestion of recombinant pET-28a(+)-HsCAO2

7 #3 pOX-HsCAO2 #1 pET-28a(+)-HsCAO2 HYZF BE HE £ A% FE. Ik &
Fig. 7 Electrophoretograms of construction of pOX-HsCAO2 and pET-28a(+)-HsCAO2

¥y id FErh EcoRI Al Sall ] Blunt-zero-HsCAO2  7-F) S 3f H 1) BER/NE N 2199 bp 7247, ilE
(K 7-D)+ B PCR 36AE (B 7-E) MEEYIHGAE (] B pET-28a (+) -HsCAO2 %144 & il 1)
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ﬁﬁﬂ%BO]c
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R U LR NIEY), S iz R i R
( lysine decarboxylase , LDC ) fit tb & B /7' %
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WIEAREL Cpiperine) 1LIA#3EH% C(lobeline) 2% %L
AR LA B AT AR

CAO [ IZAFETHIE. BERE. Y. HIE. )
W EYI R, CAO IIAEMIEThREART T 2,
ANFEIRE]) CAO ZHEMR [FRTE R A 20%~40%,
HEAVLFEA 2 MEERRTREEN 5—2,4,5-
=R R B RE (2,45-trihydroxyphenylalanine
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