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and its mutant in Pichia pastoris
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Abstract; CVN (Cyanovirin-N) is a highly potent anti-HIV protein. Cyanovirin-N homology (CVNH) family is a homologous pro-
tein to CVN, which exhibits a common fold structure similar to CVN and possess a highly conserved anti-HIV CVN domain. In this
study, DNA encoding sequences of the wild-type and mutant CtCVNH from Ceratopteris thaliciroides were separately cloned into eukary-
otic expression vector pPICZaA. All wCtCVNH and mutated mCtCVINH genes produced two bands corresponding to 22 000 and 24 000,
which were validated by western blot. The proteins were purified by ultra-filtered centrifugation and Ni-NTA affinity chromatograph.
Glycosylation assay further confirmed that no N-glycosylation site occurred in wCtCVNH protein. The possible reasons were ascribed to
incomplete cleavage of the a-factor signal peptide sequence in vector pPICZaA or some other post-translational modifications rather than
N-glycosylation. The study laid a solid foundation for further exploring the pharmacokinetics and pharmacodynamics of CtCVNH in fu-
ture.
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AIDS ( Acquired Immune Deficiency Syndrome )
is a global concern epidemic caused by human immu-
nodeficiency virus ( HIV) , which forces a great impact
on society and economy. Globally, 36. 9 million people
are living with HIV until the end of 2014. Over the
past three decades, more than 25 anti-HIV compounds
are used for treatments of AIDS ' ") such as reverse
transcriptase inhibitors, protease inhibitors, integrase
inhibitors, and cell entry inhibitors. Unfortunately,
defects of these antiviral drugs in high costs, resistance
development, serious side effects, or pharmacokinetic
interactions greatly limit their use. Hence, it is top
priority to develop safe, efficacious, and natural anti-
HIV agents.

Cyanovirin-N (CVN) is a novel and structurally
unique anti-HIV protein isolated from the cyanobacteri-
um Nostoc ellipsosporum °~*' . Eleven-kDa CVN ex-
hibits very low homology to any other known protein
and contains a two-fold pseudosymmetry = Its anti-
viral activity is ascribed to specifically bind to HIV-1
envelope glycoproteins gpl20 to prevent interaction of

]

the virus with a host cell " ~* . Potent activity of CVN

reflected in irreversibly neutralizing HIV-1 at low nano-

molar concentrations . In addition, it is also active

against other viruses such as SIV, Ebola, influenza,
[9-12

and hepatitis C . CVN is a remarkably stable pro-

tein , which is insensitive to organic solvents, high con-

centrations of salt, strong detergents, continuous

freeze-thaw cycles and high temperature **°’,
Cyanovirin-N homology ( CVNH) family is a ho-
mologous protein to CVN, which exhibits a common
fold structure similar to CVN "' and possess a highly
conserved anti-HIV CVN domain ™"/ . CVNHs are
also potential anti-HIV agents. The protein is widely

[13-15]

distributed in bacteria, fungi, and fern

CtCVNH, which is from fern Ceratopteris thalictroi-

7-18] " Howev-

des'"® | is expressed in Escherichia coli '
er, due to lack of post-translational modifications and
formation of inclusion body in prokaryotic systems, it is
necessary to consider eukaryotic hosts for cost-efficient

and mass functional production. In addition, because

of the possible occurance of typical drawbacks such as
short plasma half-life, proteolysis, and immunogenici-
ty, it is also key to study expression of its mutant in
eukaryotic systems.

Pichia pastoris is increasing popular as an exoge-

[19]

nous gene expression system , which has been

widely applied in drug and pharmaceutical industries

%) Tis advantages embody in easy to operate and ob-

tain high density cell cultivation with low cost '*'.
Furthermore, P. pastoris can produce large quantities

21 Most importantly, P.

of foreign secretory proteins
pastoris successfully performs protein post-translational
modifications, such as phosphorylation or glycosylation

21-31 " Nowadays, more than 500 proteins have been

successfully expressed in P. pastoris ™) such as

antigen 5 (Ag5) , bovine neutrophil, B-defensins, and
h oo [26- 28]
uman neuritin .

In this study, we obtained wild-type and mutated
CtCVNH genes. They were successfully expressed in
P. pastoris, respectively. The present study lays a sol-
id foundation for further pharmaceutical investigation

on CtCVNHs.

1 Materials and methods

1.1 Materials

Oligonucleotide primers were synthesized by BGI
( Guangzhou, China). Tag DNA polymerase, DNA
marker, protein marker were purchased from Takara
( Dalian, China ).
Not 1, Sac 1) and T4 DNA ligase were from New
England Biolabs (MA, USA). Zeocin™ were obtained
from Invitrogen ( Carlsbad, CA, USA). Ni-NTA His
Bind Reisn was acquired from Novagen ( San Diego,
CA, USA). Amicon Ultra — 15 centrifugal filter units
(10 000) were purchased from Millipore ( Billerica,
MA, USA). All chemicals used in this study were of
analytical grade.
1.2 Methods
1.2.1

ris strain GS115 (Invitrogen) was used to express pro-

Restriction enzymes ( EcoR T |

Strains, plasmid and media The P. pasto-

teins. Plasmid pPICZaA ( Invitrogen) was served as
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an expression vector. E. coli DH5a ( Tiangen) was
used as the host for gene manipulation and plasmid am-
plification. E. coli was maintained in low-salt LB me-
dium (1 % tryptone, 0. 5% yeast extract, 0. 5% sodi-
um chloride, and 25 wg/mL Zeocin). The P. pastoris
strain GS115 was grown in different media including
YPD medium (2% peptone, 1% vyeast extract, 2%
D-glucose ) , YPDS plates (2% peptone, 1% yeast ex-
tract, 18.22% sorbitol, 2% D-glucose, and 2%
agar) , MD/MM plates (1.34% YNB, 4 x (10% ~
5% ) biotin, 2 % D-glucose or 0. 5% methanol, and
2% agar), and BMGY/BMMY medium (2% pep-
tone, 1% yeast extract, 100 mmol/L potassium phos-
phate buffer (pH 6.0) , 1.34% yeast nitrogen base, 4
x (10% ~4% ) biotin, and 1% glycerol or 0. 5%
methanol ) .

1.2.2 Amplification and synthesis of the CtCVNH
genes The coding sequence of wild-type C:CVNH
(wCtCVNH) was amplified from previous pBluescript-
wCtCVNH in our lab. The primers were 5’ — CCG-
GAATTCATGGAGTACTTTACACCGC - 3’ ( forward
primer) , which contains an EcoR T restriction site
(underlined ) , and 5' — ATTTGCGGCCGCTCCGCT-
GCTTGCTTCTTC - 3" (reverse primer), which con-
tains a Not | site (underlined). The PCR conditions
were set as follows: 94 “C for 5 min, 30 cycles of 94
C ford5s,57.5 °C ford5 s, 72 C for 1 min, and a
final extension at 72 “C for 7 min. The PCR products
were separated on 1. 5% agarose gel.

The potential N-glycosylation site of wCtCVNH

was predicted using NetNGlyc 1.0 Server (http: //
www. cbs. dtu. dk/services/NetNGlyc/). Three a-
mino acids, Asn (23), Pro (76), and Pro (108),
were mutated by Ala, Gly, and Gly, respectively. An
Asn23 Ala mutation was performed to eliminate the N-
glycosylation motif, whereas a Pro76Gly mutation was
used to avoid protein misfolding and conformational
heterogeneity. The key physicochemical profiles of the
mutant, positive charge, isoelectric point, and insta-
bility index were analyzed by ProtParam ( http: //
web. expasy. org/protparam/). To achieve high-lev-
el expression of CtCVNH in P. pastoris, the wCtCVNH
gene was optimized according to Codon Usage Database
(http: //www. jcat. de/).
CiCVNH gene ( mCtCVNH) also designed with an

EcoR 1 restriction site and a Not | restriction site

Finally, the mutated

was synthesized by BGI ( Guangzhou, China).
1.2.3
The resulting PCR product of wCtCVNH and mCtCVNH
were digested with EcoR T and Not T and ligated to

Construction of the expression vectors

the corresponding site of the expression vector

pPICZaA, respectively ( Fig. 1).

plasmids were transformed into E. coli DH5a compe-

The recombinant

tent cells, and cultured on low-salt LB agar plates con-
taining 25 wg/mL Zeocin. Transformants were con-
firmed by restriction endonuclease digestion and DNA
sequencing.

1.2.4 Transformation of P. pastoris and target
transformants screening  After the two plasmids

constructed above were linearized with Sac 1 , they

EcoR 1 Not |
a-Factor EcoR |

Not 1
/ ,6xHis

] Multiple cloning sitc™§

S

EcoR I Not | —_— pPICZaA
a-Factor W

Multiple cloning site

pPICZoA
3600 bp

5'A0X1

Zeocin

4050 bp /

pUCon‘r ——

Zeocin

Fig. 1  Construction strategy of expression vector pPICZaA.

a-factor; native Saccharomyces cerevisiae a-mating factor secretion signal

AOXI ; methanol-inducible alcohol oxidase promoter; pUC ori: replication and maintenance of the plasmid in Escherichia coli
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were transformed into P. pastoris GS115 competent
cells by elec troporation at 1. 5 kV, 25 pF, 200 ) and
5 ms, respectively. Empty vector pPICZaA was used
in the same conditions as a negative control. Trans-
formed cells were plated onto MD agar plates for selec-
tion of His + transformants at 28 °C for 2 ~ 3 days.
Some His + transformants were selected on YPDS
plates with different concentrations of Zeocin (100,
200, 500, 800, 1 000 pg/mL) *.

nies, Zeocin-resistant clones were picked on both se-

For Mut " colo-

lective MM and MD plates. The yeast transformants
were selected and inoculated into YPD medium at 28
C with shaking at 250 r/min. The *boiling-freezing-
boiling” method was used to extract recombinant yeast
genomic DNA™'. The recombinant yeast strain was i-
dentified by PCR with the primers specific for the target
gene and 5’a-Factor/3’AOXI1 for the recombinant vec-
tor (Table 1).

Table 1

Sequences of Primers

Name Primer sequence
5" — CCG GAATTCATGGAGTAC

TTTACACCGC -3’
5" = ATTT GCGGCCGCTCCGCT

wCtCVNH - F*

wCtCVNH -R™
GCTTGCTTCTTC -3’
5" - CCGGAATTCATGGAATACT
mCtCVNH - F
TCACTCCAAG -3’
5" = ATTTGCGGCCGCACCAGA
mCtCVNH - R

AGAAGCCTCTTC -3’
5" = TACTATTGCCAGCATTGCTGC -3’
5" — GCAAATGGCATTCTGACATCC -3’

5'a — Factor

3'A0X1

# Restriction sites are underlined

1.2.5 Expression of the CtCVNH proteins in P.
pastoris
ted into 9 mL YPD at 28 °C with 250 r/min for 16 h.
Then 250 pL culture were transferred to 25 mL. BMGY
medium in a 250 mL baffled flasks. The transformants

The P. pastoris transformants were inocula-

were grown in a shaking incubator at 28 °C with 250
rpm of agitation for 16 ~24 h until the Ay, was equal to
2 ~6. After the yeast cells were harvested by centrifu-
ging at 4 000 g for 5 min at room temperature, the pel-
lets were suspended in 100 mL. BMMY medium for cul-
tivation till Ay, reached to 1. Methanol (100% ) was
added to the culture medium at an every 24 h interval

to the final concentration of 1. 0% to maintain the in-

duction. The culture medium was collected at 24, 48,
72, and 96 h. The supernatants were harvested by
centrifugation at 12000 g for 10 min.

1.2.6  SDS-PAGE analysis
concentrated by TCA-acetone. The pellets were dried,

Supernatants were

dissolved in 20 pL distilled water, and separated on
15% SDS-PAGE gels. The protein bands were visual-
ized by staining with Coomassie brilliant blue R-250.

1.2.7 Protein Purification
teins wCtCVNH and mCtCVNH were purified by Ni-
NTA affinity chromatography. After 96 h of methanol

The recombinant pro-

treatment , the cultures were collected by 12 000 g cen-
trifugation for 10 min at 4 °C and filtered through a 0. 2
pm filter. The supernatants were concentrated using a
10 000 MWCO ultrafiliration membrane. After mixed
with 1T mL Ni-NTA resin for 3 h, the supernatant were
applied to an affinity column. The column was first
washed with 5 ~ 10 column volume of buffer A (50
mmol/L PBS, 500 mmol/L NaCl, 20 mmol/L imidaz-
ole, pH 7.4) to remove the unbinding proteins, and
then eluted using buffer B (50 mmol/L PBS, 500
mmol/L NaCl, 200 mmol/L imidazole, pH 7.4). E-
luted fractions were separated by 15% SDS-PAGE.
The fractions containing wCtCVNH/mCtCVNH were
collected, pooled, and desalted with an Ultra —3 000
device (Millipore, USA) using 10 mmol/L PBS buffer
(pH 7.4) , lyophilized, and stored at —80 °C for fur-
ther analysis.

1.2.8

sis, the proteins were electrically transferred from the

Western blot analysis After electrophore-
gel onto 0.2 pm nitrocellulose (NC) membrane. The
membrane was blocked with TBST (20 mmol/L Tris-
HCI, 150 mmol/L NaCl, 0.05% Tween 20) contai-
ning 5% skim milk for 2 h at room temperature. The
NC membrane was first incubated with mouse anti-His
monoclonal antibody (1:3 000) at 4 °C overnight. Af-
ter three times washing, the membrane was incubated
with goat anti-mouse secondary antibody conjugated to
horseradish peroxidase (1:5000) for 2 h at room tem-
perature with gentle shaking. Target proteins were de-
veloped with ECL. Chemiluminescent Kit and visualized
using Syngene GBox-Chemi-XT4-E imaging system.

1.2.9 Determination of glycosylation sites In or-
der to examine whether wCtCVNH was post-translation-

ally glycosylated, we performed glycosylation assay.
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wCtCVNH was digested with Peptide N-glycosidase F
(PNGase F, New England Biolabs, MA, USA) for 1
h at 37 °C according to manufacturer’s instructions.
The products were separated on SDS-PAGE and ana-
lyzed by Western blot.

2 Results

2.1 mCtCVNH design
Mutations did not change the isoelectric point

(pl) and net charge of mCtCVNH. Compared to wide-

type CtCVNH, the stability of mCtCVNH improved

(22. 69 and 24. 21, respectively). In addition, codon

optimization also increased the expression level of

mCtCVNH in P. pastoris.

2.2  Construction of the expression plasmids,
transformation of P. pastoris, and screen-
ing of the positive transformants

The wCtCVNH and mCtCVNH gene were con-

firmed to be successfully inserted into the vector
pPICZaA, respectively. Both target genes were veri-
fied by restriction endonuclease and DNA sequencing.
PCR was employed to detect the positive transformants
with target genes ( Fig. 2a and Fig. 2b). The 450 bp
band was obtained using the gene-specific primer
pairs, and the 650 bp product was amplified by the
primer pair 5'a-Factor/3"AOX1, which suggested that
the recombinant plasmids were successfully transformed
into the host yeast.

2.3 Expression of recombinant proteins in P.
pastoris

For wCtCVNH expression, two bands were detec-

ted corresponding to molecular mass approximately
22 000 and 24 000, which were higher than the pre-
dicted molecular weight (20 000) (Fig. 3a). Similar-
ly, mCtCVNH expressed protein also had two bands
(24 000 and 26 000) (Fig. 3b). The phenomena sug-
gested that wCtCVNH synthesized by the yeast should
be glycosylated. However, after wCtCVNH was treated
with PNGase F for deglycosylation, two protein bands
were apparent on the SDS-PAGE gel, which were con-
firmed by Western blot (Fig. 4). The results indicated
that no N-glycosylation site occurred in wCtCVNH pro-
tein.

2.4 Protein purification and Western blot analysis

Two protein bands from the supernatant were ob-

® 1 234 M 5678

Fig. 2 Identification of Pichia integrant

(a) PCR identification of positive transformants GS115-
pPICZaA-wCtCVNH. M. 100 bp DNA marker; 1 —3: nega-
tive control; 4 =5 ; fragment from pPICZaA-wCtCVNH ampli-
fied by 5" a-Factor/3" AOXI primers; 6 — 7 fragment from
pPICZaA — wCtCVNH amplified by the specific forward/re-
verse primers

(b) PCR analysis of positive transformants GS115 — pPICZaA
- mCiCVNH. 1.
yeast cells containing pPICZaA-mCtCVNH with the specific
forward/reverse primers; M: 200 bp DNA Marker; 5 - 8 the
transformed yeast cells containing pPICZaA — mCtCVNH with
5'a = Factor/3" AOXI primers

negative control; 2 — 4. the transformed

tained by Ni-NTA resin purification ( Fig. 5a and
Fig. 6a). The purified proteins were further confirmed
by Western blot with mouse anti-His tag monoclonal
antibody and goat anti-mouse IgG antibody conjugated
to horseradish peroxidase (Fig. 5b and Fig. 6b).

3 Discussion

Although CtCVNH has been successfully ex-
pressed in E. coli, it was expressed as inactive inclu-

*, which is considered time-consuming,
[17]

sion bodies '
labor-intensive and not cost-effective Further-
more, recovery of protein from E. coli inclusion bodies
is very low. Currently, there has been no report on the
expression of CVNH in a yeast expression system.

Here, P. pastoris was first selected to be the expres-



439

MR RBRGUCHEE G REHE 1 CVNH S RAR (R LE SR B B h 3R 0 123

(b)
%103 ) 34 10°
55
43
34
26 26
24

17

Fig. 3 SDS-PAGE analysis of the recombinant CtCVNHs u-
sing P. pastoris expression system

(a) Recombinant wCtCVNH. 1 negative control; M; molec-
ular protein marker; 2 -5 culture supernatant

(b) Recombinant mCtCVNH. M. molecular protein marker;

1 negative control; 2 —4 . culture supernatant.

x10° M 1

26

17

Fig. 4 Identification of N-glycosylation of wCtCVNH
in yeast by western blot
1. two wCtCVNH bands after treated with PNGase F

x10° M 1
95 i |
T2 w—
55 i
43 - ®)
34 - 1 2
26 - 4
— =
17 -

Fig. 5 Electrophoresis and western blot after purification of
recombinant wCtCVNH by affinity chromatography

(a) SDS-PAGE. M. protein marker; 1. purified wCtCVNH;
(b) Western blot. 1.
wCtCVNH

negative control; 2. expressed

sion host of CtCVNH. As a eukaryotic host for the ex-

pression of recombinant proteins, P. pastoris is one of

(b)
x10° M
26

"=

Fig. 6 SDS-PAGE and western blot analysis of purified
mCtCVNH

(a) SDS-PAGE. M. Protein marker; 1 - 2. purified
mCiCVNH;

(b) Western blot. M: Protein marker; 1 — 2. expressed
mCtCVNH; 3 negative control

the most efficient cell factories for protein engineering

2 Especially, P. pastoris expression

vector pPICZaA harbors alcohol oxidase 1 ( AOX1 )

promoter , which is induced by methanol "*'’. Methanol
[32]

and production

is sole source of carbon and inducer substrate
Compared to other protein expression systems, it is
easier to manipulate, culture, and undergone all the

post-translational modifications .

Recombinant pro-
teins are secreted into the culture medium, which do
not need mechanical or chemical cell disruption and u-
sually facilitate subsequent purification process. The
purification of proteins was successfully achieved by af-
finity chromatography with a 6 — His - tag. More im-
portantly , free of endotoxins in yeast can reduce enor-
mously the risk of side effects.

In this study, we recombinant
wCtCVNH and mCtCVNH by using P. pastoris. In P.

pastoris expression system, the most common is N-gly-

generated

cosylation and post-translational modification '*'. If
removal of N-glycan, proteins still possess extra molec-
ular weight, which are possibly caused by post-transla-

tional modifications "',

In this study, the wild-type
CtCVNH gene was expressed in P. pastoris, which pro-
duced two bands corresponding to 22 000 and 24 000,
respectively. The two proteins were further identified
by western blot. Similarly, mCiCVNH still expressed
two protein bands, which were also confirmed by west-
ern blot. The results were totally different from only

one protein band expressed in E. coli. The possible

reasons were ascribed to incomplete cleavage of the a-
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factor signal peptide sequence in vector pPICZaA or
some other post-translational modifications rather than
N-glycosylation. All of the cyanovirins were expressed
as fusion proteins with a-factor in yeasts **/. The phe-
nomena of two bands occur in yeast expression of other
proteins, such as FIP-fve from the mushroom Flammu-

[35]

lina wvelutipes and interferon « from the bovine

[36]

liver =". In addition, expression of CVN in P. pasto-

ris indicates that CVN is N-glycosylated at Asn30,
which is inactive against HIV *). On the contrary,
there were no glycosylation sites in CtCVNH expressed
in P. pastoris.

Mutation is one of the best ways to improve the
activity of protein. Although CVN has been successful-
ly expressed in E. coli, yeast, and transgenic plant,
respectively 233738 g CVN,,
LCVN, and 10 K PEG-ALD-LCVN "~/ have dis-
played enhanced anti-HIV — 1 activity. Hence, suc-
cessful expression of wCtCVNH and mCiCVNH in P.
pastoris will contribute to investigate how to further im-

prove anti-HIV activity of CtCVNH. The study also

laid a solid foundation for further exploring the pharma-

derivatives,

cokinetics and pharmacodynamics of CtCVNH in fu-

ture.

4  Conclusions

For the first time, we successfully expressed the
wild-type and mutated CtCVNH genes in P. pastoris,
respectively. To better understand CtCVNH, future re-
search will emphasize on the biologically activity,
large-scale preparation, and clinical trials of wCtCVNH

and its mutant.
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