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| Abstract: Cyanovirin-N (CVN) is well known as an anti-HIV protein. The efficient production of low cost microbicides for preventing the HIV-infection has

lately become a requirement worldwide. The aim of the present study was to optimize the expression of antiviral Cyanovirin-N homology gene found in the indi-
genous strain of Nostoc ellipsospourum LZN using Response Surface Methodology (RSM) and Protein Structure Analysis. Optimization of three induction factors
(IPTG concentration (0.1, 0.55 and 1mM), temperature for bacterial growth (20, 28.5 and 37°C) and induction time (4, 10 and 16h) was done using RSM and Box-
Behnken Design. Total RNA extraction was performed and mRNA levels were quantified in each experimental design by one-step SYBR qPCR. Protein structure
was predicted using I-TASSER server. The full-length sequence of LZN-CVN gene is 306 bp in length, due mostly to five mutations. RSM analysis showed that the
optimum condition to obtain maximum fold change was a concentration of 0.6mM IPTG, temperature set to 29°C and a 12h long induction time. The extracted pro-
tein from periplasmic fraction (8 kDa) was verified via SDS-PAGE. The high percentage of LZN-CVN similarity was demonstrated with PDB (Protein Data Bank)
accession code of 2rp3A (CVN domain B mutant) and the ligand binding sites were related to N42, V43, D44, G45, S52, N53 and E56 residues. Different expres-
sion systems could assist in the development of anti-HIV proteins in a large scale. The LZN-CVN protein was successfully expressed in the £.coli system. RSM

could be applied to a series of mathematical and statistical methods for modeling and analysis of responses which are influenced by various variables of interest.

((ey words: Antiviral; Cyanovirin-N; Gene expression; Nostoc ellipsospourum; Response Surface Methodology; Sequencing. /
Introduction pression systems with relative efficiency as well as low
cost approaches. Bacterial expression systems suitable
Cyanovirin-N (CVN) was discovered in Nostoc for producing rCVN include: Escherichia coli (14-16),
ellipsosporum as a stable and effective antiviral pro- Streptococcus gordonii (17), Lactobacillus jensenii (18)
tein especially against human immunodeficiency virus Lactococcus lactis and Lactobacillus plantarum (19).
(HIV) (1). Moreover, its effect against the Ebola virus Pichia pastoris (20) and the transgenic plant Nicotia-
(2), influenza virus (3), simian immunodeficiency virus na tabacum (21, 22), Althaea officinalis (23), soybean
(4) feline immunodeficiency virus (5), hepatitis C vi- seeds (24), and the endosperm of rice (25) were all used
rus, measles virus, HSV-1 and HSV-6 (herpes simplex as a eukaryote expression system. It is noticeable that
virus type) (6-8) was reported. The key characteristics the function of rCVN is sensitive to forming disulfide
of the viruses responsible for their sensitivity to CVN bond and modifying side chains by expression hosts
are associated with surface glycoproteins, such as N- (26).
linked high mannose oligosaccharides, which provides Furthermore, by choosing the best expression sys-
unique sites for binding with the CVN (9). The antiviral tem, mathematical and statistical methods will also be
potency of CVN is related to its high affinity for binding developed to produce the recombinant protein of inte-
HIV-gp120 which subsequently inhibits the binding of rest with an adequate expression level. Recently, the
virion-gp120 to host CD4 receptor (5, 10) . The ability RSM has been in use for optimizing the variables which
of CVN as a powerful HIV-inactivation protein along influence the expression level (such as inducer concen-
with the related remarkable physicochemical properties tration, growth temperature, time, pH, cell density, me-
led to its use as an interesting anti-HIV medication (11). dia components and etc.).
Challenges for applying new approaches to produce re- RSM applying statistical tools and the experimental
combinant proteins (r-proteins) or pharmaceuticals are design of the selected factors could qualify the signifi-
still present (12, 13). cant level of variables in an expected response (27-31).
Besides, the production of active recombinant CVN This study was aimed to isolate the nucleotides of the
(rCVN) in large scale will be achieved via different ex- CVN gene from the indigenous N.ellipsospourum strain
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LZN (named as LZN-CVN). Then, the gene was cloned
in pET expression plasmids and the expression level in
E.coli (BL21) was optimized by qPCR and RSM to fur-
ther investigate its activity as anti-HIV protein. In addi-
tion, the related protein structure was predicted using
I-TASSER server.

Materials and Methods

Microorganism preparation

N.ellipsosporum strain LZN (Persian Type Culture
Collection (PTCC: 1659)) used in this work was retrie-
ved from the Iranian Research Organization for Science
and Technology (IROST), Tehran, Iran. This strain had
been isolated from soil, Babol, Iran.

Growth medium conditions

The medium (blue-green nitrogen-fixing medium
without NaNO,) components for growing the Nostoc
included 0.04g of K, HPO,, 0.075g of MgSO,.7H,0,
0.036g of CaCl,.2H,0, 0.006g of Citric acid, 0.006g of
Ferric ammonium citrate, 0.001g of EDTA, 0.02g of Na-
,CO per liter and 1 ml of Trace Metal Mix A5 (2.86g of
H,BO,, 1.81g of MnCl,.4H,0, 0.222¢g of ZnSO,.7H,0,
0.39g of Na,M00O,.2H,0, 0.079g CuSO,.5H,0, 49.4 mg
Co (NO,),.6H,0 per liter). The medium was autoclaved
at 121°C for 15 minutes and adjusted to a final pH of
7.1. The culture was maintained in the medium at 25 °C
and sub-cultured at regular intervals. The survival of the
strain was monitored with light microscopy.

Genomic DNA extraction

CTAB protocol was used for DNA extraction (32).
The quantity and quality of the isolated DNA was deter-
mined via electrophoresis on 1% agarose gel.

Primer design, PCR amplification and sequencing of
Cyanovirin-N gene

The CVN sequence from N. ellisposporum was ob-
tained from the submitted sequence in GenBank. Two
pairs of specific primers were designed using Oligo7
software (Forward primer: 5° CTTGGTAAATTCTCC-
CAGACCTGC 3" and reverse primer: 5° TTCGTATTT-
CAGGGTACCGTCGATG 3%). CVN gene was ampli-
fied by high-fidelity PCR master mix (total volume was
20ul). The protocol of PCR amplification included: ini-
tial denaturation (94°C for 3 min) which was followed
by 35 amplification cycles (94°C for 45 s, 54°C for
Imin, and 72°C for 1min) and 72°C for 5Smin as a final
extension cycle. Then 1% agarose gel electrophoresis
was used for analyzing the quantity and quality of the
PCR products. The purified products were sequenced
by Macrogen Company (Korea). Analysis and sequence
alignment were carried out by Chromaspro2 software
(version 2.0.1. available at http://technelysium.com.au/
wp/chromaspro/) and BLAST service at the National
Center for Biotechnology Information (NCBI) Gen-
bank, respectively.

Cloning of LZN-CVN

The LZN-CVN sequence was cloned between
Ncol and Xhol restriction sites without the stop co-
ding sequences to link the gene to the 6-histidine tag
of pET22b vector (Novagen). Expression host in this

study was E. coli BL21 (DE3) strain. The transformed
bacteria were kept in 25% glycerol at -70 °C.

Experimental design and data analysis

A Box-Behnken design (BBD) was adopted to opti-
mize three main expression variables (IPTG concentra-
tion (X1), temperature (X2) and induction time (X3))
necessary for recombinant protein production. The ex-
perimental BBD design included 17 runs of three para-
meters at three levels (—1, 0 and +1). The coded and
natural values are explained in table 1, and the combina-
tions of variable levels used in BBD are listed in table 2.
The aim of RSM was to investigate the relative contri-
butions of X, X, and X to the response under experi-
ments (recombinant protein production was followed by
maximum mRNA level and fold change). The effects of
the parameters on the response was determined using
second-order polynomial model. The following model
indicates the effect of the parameters (the linear, qua-
dratic, and cross-product terms) in equation 1 ( Eq.1):
Eq.(Al):

Y:ﬂﬂ+ZﬁiXi+ZﬂiiXiz +Zﬂijxixf

where Y , X, and X, are the fold change and the coded
independent parameters, and B, and B, are thr constant
term and the coefficient of the linear terms, respectievly.

Table 1. Independent parameters and their values for optimizing the
expression conditions.

Range and levels*
Symbols -1 0 +1

Independent variables

IPTG concentration (mM) X, 0.1 055 1
Temperature (°C) X, 20 285 37
Induction Time (h) X, 4 10 16

*-1, +1 and 0 were considered as a lower, higher value and central
point condition in the experiment, respectively.

Table 2. Box-Behnken Design with the experimental and predicted
values of the response.

Run Un- Coded value Expe. Pred.
order X(mM) X,°C) X(h) fold fold
change change
1 0(0.55) 0(28.5) 0(10) 53 5.348
2 0(0.55) 0(28.5) 0(10) 5.7 5.348
3 0(0.55) 0(28.5) 0(10) 5 5.348
4 0(0.55) -1(20) -1(4) 0.33 -0.045
5 -1(0.1) 1(37)  0(10) 1.78 1.4725
6 1(1) 0(28.5) 1(16) 4.7 3.8925
7 -1(0.1)  0(28.5) -1(4) 0.81 1.6175
8 0(0.1) 137) -1(4) 0.07 -0.045
9 1(1) -1(20)  0(10) 1.2 1.4725
10 0(0.55) -1(20) 1(16) 1.06 2.23
11 1(1) 1(37)  0(10) 1.65 1.4725
12 1(1) 0(28.5) -1(4) 0.44 0.1225
13 0(0.1) 0(20)  0(10) 5.24 5.348
14 -1(0.1)  0(28.5) 1(16) 2.08 2.3975
15 0(0.55) 1(37) 1(16) 2.91 2.23
16 0(0.55) 0(28.5) 0(10) 5.5 5.348
17 -1(0.1)  -1(20)  0(10) 1.26 1.4725
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Finally, B. and Bij are the coefficient of the quadratic
terms, and the crossproduct coefficient, respectively

A Response-surface analysis of the final experimental
results was performed using the commercial statistical
software (Design Expert, version 10.0.1, Stat Ease Inc.,
Minneapolis, USA). The analysis of variance (ANOVA)
indicated the significant terms for the response in the
model. The adequacy of the model was specified via
analysis of the model, lack-of fit test and coefficient of
determination (R?. Regression coefficient was found
between the experimental and predicted responses. The
generations of response surfaces, contour and 3D plots
as well as the numerical optimization were performed
with the help of Design Expert software.

Isolation of total RNA and qPCR

The total RNA extraction was followed according
to the protocol of RNX-Plus kit (Sinaclone Co.). The
quality of the extracted RNA was determined using the
absorbance ratio (A260nm/A280nm) and 2% agarose
gel electrophoresis. Then, the RNA extrcations were
treated with Thermo Scientific DNase | according to
the Manufacturer’s guidelines. Also, the production of
cDNA was performed using Thermo Scientific Rever-
tAid H Minus Reverse Transcriptase and random hexa-
mer primers. Quantification of mRNA levels was deter-
mined by one-step Thermo Scientific Maxima SYBR
Green qPCR Master Mix. The primer sequences used
for the amplification of LZN-CVN were 5'CTTGG-
TAAATTCTCCCAGACCTGCTACAACTC3® and
5"TCAGCAGCCAGCCAGTTCGG 37, as a forward
and reverse primers, respectively. The forward and re-
verse primers for 16sRNA were 5 "GTGTTGTGAAA-
TGTTGGGTTAAGTCCCGC3® and 5 TTTATGAG-
GTCCGCTTGCTCTCGC 3°. Based on these primers,
219-bp and 218-bp amplicons were amplified for LZN-
CN and 16s TRNA, respectively. The mRNA level was
normalized to the 16sRNA mRNA level as an internal
standard. The presented mRNA expression level was
calculated through 2-4adeleCT method.

Preparation of periplasmic fraction and SDS-PAGE

Induction by IPTG was performed based on the
parameter levels for maximum fold change which was
obtained from RSM analysis. In the expression condi-
tions, recombinant E. coli BL21 (DE3) was cultivated
in LB (Luria-Bertani) medium (10 g/L tryptone, 5 g/L
yeast extract, 10 g/L. NaCl) at 37°C and supplemented
with 100pg/mL ampicillin. Cell density, OD_ , before
the induction was 0.6-0.8.

The bacterial cells were centrifuged at 5000g for 10
min and periplasmic fraction was extracted via osmotic
shock method. In summary, the cell pellets were re-sus-
pended in a solution containing sucrose (20%), Tris-
HCI (0.2 M), lysozyme (0.05%), and EDTA (1 mM).
Then the suspension was incubated (15 minute at room
temperature), cold water (equal volume) was added and
the mixture incubated on ice (15 min). Finally, centri-
fugation (13000xg at 4°C) was done to obtain the pe-
riplasmic fraction. The supernatant was separated and
analyzed as a periplasmic fraction by SDS-PAGE (33).

The proteins from the periplasmic fractions were
desalted, dia-filtrated and concentrated with Amicon®
Ultra Centrifugal Filters (Molecular Weight Cutoff:

600°

3KDa), then analyzed using 17% SDS-PAGE (34).
The gel was stained with a dye including 50% metha-
nol, 10% acetic acid and 0.1% Coomassie brilliant blue
R-250 and de-stained with a solution containing 30%
ethanol and 10% acetic acid. The tagged recombinant
protein was purified using Ni-NTA His-bind resin (No-
vagen).

Prediction of LZN-CVN homology protein structure

Primary sequence analysis molecular weight, ove-
rall charge, and charge variation of LZN-CVNH was
conducted according to theoretical isoelectric point
(pD) via ProtParam using ExPASy server online (http:/
www.expasy.ch/tools/protparam.html). Prediction of
secondary structure and function of LZN-CVNH and
its functionality was obtained by I-TASSER (Iterative
Threading ASSEmbly Refinement available at http:/

zhanglab.ccmb.med.umich.edu/I-TASSER/ ) (35).

Results

Identification of LZN-CVN gene

The survival of strain LZN was observed after 20
days of incubation by cell monitoring with light micros-
copy. Using specific primers, a single amplicon of ~
303bp was produced from N.elliposporoum strain LZN
(data not shown). Sequence comparison of LZN-CVN
gene (recently submitted as GenBank KX673892) with
wild-CVN showed that five mutations (4-bp insertion:
CTGG (nt 205-208) and 1-bp deletion: A ) had chan-
ged the full length of wild-CVN from 303bp to 306 bp.
The remaining nucleotides were exactly identical to the
CVN gene. These mutations are shown in alignment
results and plot of Chromas view (Figure.la). The pre-
dicted amino acid residues are displayed above the cor-
responding open reading frame (Figure.1b). The LZN-

Jrey— 1y dedetion

Figure 1. (a) Sequence alignment between wild-CVN and LZN-
CVN gene. Mutations are shown in the alignment and plot of Chro-
mas view. (b) Nucleotide and deduced protein sequences of LZN-
CVN gene. The predicted amino acid sequence is presented above
its open reading frame (nucleotide insertion and the stop codon
were shown by red and dotted line).
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CVN gene encodes a shorter protein of 72 amino acid
residues (nt 1-219) compared with wild-CVN which
encodes a 101-amino-acid protein. This reduction was
due to the insertion mutations which had changed the
corresponding open reading frame.

RSM analysis of BBD design

The model was obtained as a result of fitting Eq. (1)
to the experimental data listed in Table 2. This model
was tested for adequacy and fitness through analysis
of variance. Table 3 lists the related model regression
coefficients and the corresponding R’ for the response
being studied. In the present study, the quadratic model
was proposed for fold change response which includes
linear, interaction and quadratic terms. The ANOVA
results suggested that the mentioned model possessed
non-significant lack of fit at 95% CI ( confidence in-
terval), thus indicating a highly significant p value (<
0.001) of the quadratic model for the response (Table
3). Consequently, responses could be predicted using
an appropriately accurate model. The high R? value (
> 0.977) of the fold change response displayed a good
corrolation between the experimental data and the data
predicted by the proposed model (Table 3).

Quadratic equation describing the effect of different
applied expression parameters on fold change level,
based on the coded level of the parameters, are given
as Eq.2:

Eq.(A2): Y= 5.348+ (1.1375X,)) + (0.7475X X,)-
(1.48025X ?)-(2.39525X *)-(1.86025X.?)

It can be concluded from the ANOVA results that
fold change was significantly (p<0.001) affected by
the linear terms of induction time rather than the other
factors, as well as a quadratic effect of three terms
(»<0.001) (Table 3). Table 3 also demonstrates the si-
gnificant contribution of interaction term and the inte-
raction effect of IPTG concentration-induction time (p<
0.01) for fold change.

The factor combination effects on the response
were determined via generation of response surface

and contour plots for models. Figure 3 shows the fold
change as a function of IPTG concentration, tempe-
rature and induction time. The Minimum fold change
(0.07) was observed at IPTG concentration = 0.1mM ,
temparture = 37°C and induction time = 4h, while, the
maximum fold change was found at [IPTG concentration
= 0.55mM , temparture = 28.5°C and induction time =
10h. It can be indicated that the low level of IPTG and
short induction time together descerased the fold change
due to the low level of themRNA produced during the
growth. (Figure. 2 a, b, ¢).

The optimum condition for processing the maxi-
mum fold change was determined based on the selected

Figure 2. 3D surface and contour plot of the fold change of LZN-
CVN gene as a response to the three investigated parameters. (a):
The effect of IPTG concentration and temperature, (b) : The effect
of IPTG concentration and induction time, (c) : The effect of tem-

perature and induction time.

Table 3. ANOVA results listed, showing the variables as linear, quadratic and interaction terms on each

response variable and coefficients for the prediction model.

Fold ch
Source of variation ol¢ change

DF Estimated coefficients Sum of squares F-value
Model 9 68.34 34.19%**
B, - 5.348 - -
B, APTG concentration) 1 0.2575 0.53 2.38m
B (Temprature) 1 0.32 0.81 3.68™
B (Time after induction) 1 1.1375 10.35 46.61%**
B, 1 -0.0175 0.001 0.005™
B, 1 0.7475 2.23 10.06**
B 1 0.5275 1.11 5.01m
B’ 1 -1.48025 9.22 41.54%**

7 1 -2.39525 24.15 108.77%**

By 1 -1.86025 14.57 65.61%%*
Residual 7 1.55 -
Lack of Fit 3 1.27 6.01™
Pure Error 4 0.28 -
Cor. Total 16 69.90 -
Correlation coefficient (R?) - 0.977 -

* Significant at p < 0.05. ** Significant at p < 0.01. *** Significant at p < 0.001. ™ Non-significant.
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6
y =0.9425x +0.1523
RZ=0.9425 * *

Figure 3. Regression coefficients between experimental and pre-

dicted response by proposed optimizing model.

ranges of the three parameters including 0.6mM IPTG
concentration, 29°C growth temperature and 12h induc-
tion time. This condition had the maximum desirability
value (0.980). A very strong correlation (R?* = 0.94)
was found between the experimental response and the
response predicted by the proposed optimizing model
(Figure. 3).

SDS-PAGE of periplasmic fraction

The LZN-CVN gene was expressed in E.coli (DE3)
within the final optimized condition to obtain a high le-
vel of mRNA expression, as well as a high fold change.
In the periplasmic fraction, the mentioned protein with
a molecular weight of 8 KDa (LZN-CVN-6His tag) was
found showed an efficient expression using secretory
signal peptide (pelB) (Figure. 4).

Structure of LZN-CVN homology protein

The LZN-CVN gene encodes a shorter protein of
72 amino acid residues (nt 1-219) compared with wild-
CVN which encodes a protein containing 101laa. This
short protein has a predicted isoelectric point (pl) of
4.66 and a molecular mass of 7.6684 KDa while the pl
and molecular mass for wild-CVN were calculated 4.94

1 M 2 &3

WDa -
Y
= 1180 ﬁ‘ N ' “
— 2 -
ne “
— o
- %0 v e
- 50 [y il "
-
— 184
— L .
.65 —

Figure 4. expression profile of LZN-CVN in 17% SDS-PAGE
gel M, molecular protein marker; Lane 1, purified protein; Lane 2,
periplasmic fraction of control (without IPTG induction); Lane 3,
supernatant of periplasmic fraction.

and 11.013 KDa, respectively. Considering its amino
acid sequence, Ser happens to be the most abundant
(15.3%). The frequency of acidic and basic amino acids
of this new protein was 8.33% and 5.52%, respectively.
The N-terminal of the sequence examined is Leu and
the estimated half-life is 5.5 hours (mammalian reticulo-
cytes, in vitro), 3 min (yeast, in vivo) and 2 min (£.coli,
in vivo). The instability index (II) was computed to be
26.25 which classifies the protein as stable.
Considering the results of [-TASSER, predicted se-
condary structure server, the LZN-CVN protein consists
of'4.16% helices (H), 44.44% strands and 51.38% coils.
The higher the score gets, the more confident the pre-
diction becomes. In I-TASSER, the B-factor value was
deduced from the PDB as the template proteins in com-
bination with the sequence profile were obtained from
sequence databases. B-factor was defined as a value
to show the degree of the inherent thermal mobility of
protein residues/atoms. Modeling of the query sequence
was started in [-TASSER using the structure tem-
plates identified by LOMETS (meta-server threading
approach) in PDB library (36). The 10 best templates
with the highest significance (A Normalized Z-score of
1 and greater, suggests good alignment and vice versa)
in the threading programs were chosen (see supplemen-
tary file). The high percentage of LZN-CVN identity
with PDB accession code was related to 2rp3A (CVN
domain B mutant) (Z-score = 2.89) (37). In the 2rp3A
the binding site on domain B was eliminated and the
protein was completely inactive against HIV and able
to bind to Man-3 and Man-9 with regard to their simi-
lar dissociation constants. The remaining nine identical
PDB accession codes were related to various mutants of
wild-CVN including 1N02 (38), 2PYS (39), 3LHC (40),
2RP3 (37) and 2L2F (in Gibberella zeae CVNH) (41).
The top five final structural conformation models were
generated by [-TASSER with the help of SPICKER pro-
gram in which model 1 was depicted as the best model
(Figure 5). Overall, models with a C-score higher than
— 1.5 had an accurate folding. The C-score for predic-
ted model of LZN-CVN was calculated 0.52 (TM-score
= (0.78+0.09 and Estimated RMSD = 2.4+1.8A). Fol-
lowing the assembly of the first structure simulation,
the TM-align structural alignment program was used
to match this model to all protein structures from PDB
library. As a result, the top 10 closely relevant proteins
from the PDB library were reported (see supplementary
file). Because of structure similarity, these ten proteins

i

Figure 5. Final model predicted by I-TASSER for LZN-CVN.
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usually possess similar function to the specific target.
Then, the finding were used in the predicted function
section by COACH (Meta-server approach / outcome is
a combination of biological functions that were anno-
tated from three programs include COFACTOR, TM-
SITE and S-SITE) to define the function of the protein
of our interest. Similarly, a significant protein structu-
rally close to the LZN-CVN in the PDB is 2PYSB. This
mutation of CVN showed that the presence of intact
domain A and B as oligomannoside-binding sites which
are necessary to construct domain-swapped dimers, is
critical for anti-HIV activity (39). LZN-CVN have simi-
larity to SK79 which was recently identified in the cya-
nobacterium Cyanothece7424. The assay of its anti-HIV
activity showed that the inhibition potency is approxi-
mately four fold more than CV-NP51G which makes
it a valuable microbicidal lectin (42). 2L9Y is another
CVNH-LysM lectin which showed similarity to LZN-
CVN and carbohydrate specificities for its two domains
were discovered (43). 2JZK (Tuber borchii CVNH) (44)
, 2L2F (Gibberella zeae CVNH) (41) and 2Y 1S (Micro-
virin lectin) (45) are listed as other similar proteins to
LZN-CVN. The predicted function for LZN-CVN sug-
gested that ligand binding sites with the highest confi-
dence were related to N42, V43, D44, G45, S52, N53
and E56 residues. A possible ligand name is sucrose and
the predicted structure is 3HP8 (Crystal structure of a
designed cyanovirin-N homolog lectin; LKAMG which
binds to sucrose) (46). Associated gene ontology (GO)
terms of LZN-CVN were 0030246 (carbohydrate bin-
ding), 0050688 (regulation of defense response to virus)
and 0030246 (carbohydrate binding) with measurement
of similarity to 2PYS (Mutant of CVN) (39).

Discussion

In this study, it can be inferred that five nucleotide
mutations were found in CVN gene which had been
isolated from N. ellipsospourum LZN in indigenous
strain originated from Babol, Iran. The mutations were
identified when the sequencing and blast analysis re-
sults were compared with that of the wild-CVN gene.
It was found that CVN gene length had been changed
from 303bp to 306 bp. The obtained results indicated
that four insertions could change the open frame rea-
ding of the CVN protein. As a main finding, because of
the insertion mutations, a stop codon had occurred and
the coding protein was shorter than wild-CVN protein
(72 aa vs. 101aa). Previously, CVN had been expressed
in different heterologous systems (bacteria, yeasts and
transgenic plants) and its anti-HIV activity was assayed.
Nevertheless, the production of various recombinant
proteins in E.coli, was frequently referred to as a low
cost heterologous expression system with high amount
of recombinant protein production. In addition, E.coli
managed to grow rapidly with the high cell densities
on cheap substrates, its genetics characters traits were
well-determined and several cloning vectors are now
available, especially genetically engineered mutant
strains that are considered possible hosts for producing
different proteins (47).

In the present study, LZN-CVN gene was cloned into
pET22 which had a signal peptide (pelB (pectate lyase
B) to secrete the expressed protein into the periplasmic

space, mainly aimed to form disulfide bonds and correct
foldings. Several remarkable advantages of secretory
production of r-proteins were confirmed in contrast to
cytosolic production. For example, secreted r-protein
has an intact N-terminal which is the same as that of
a natural gene followed by cleavage of specific signal
peptide. Also, the protease activity in the periplasmic
space is much less than that of the cytoplasmic space.
So, purification of r-protein in the periplasm is simple
because of the lower contamination in the produced pro-
tein. Another advantage of periplasmic expression was
the ability to form correct disulfide bond when provided
with suitable oxidative conditions (48).

various signal sequences were used to increase the
efficiency of secretory r-protein production in the E.coli
system such as PelB, endoxylanase, outer membrane
protein A (OmpA), maltose-binding protein (MalE) ,
alkaline phosphatase (PhoA), murein lipoprotein (Lpp)
and heat-stable enterotoxin 2(Stll) (49). Despite the
forementioned advantage of the secretory production of
r-proteins in E.coli, some limitations were still present
which made it more challenging. Some of the limita-
tions were associated with the incomplete processing
of secretory signal peptides, changes in the secretion
efficiency of r-protein due to their different characteris-
tics, low level or undetectable secreted protein, inclu-
sion bodies formation after using strong promoters in
the cytosol and periplasm spaces, and also incorrectly
formed disulfide bonds (50). It was confirmed that anti-
HIV activity and stability of CVN required proper for-
mation of disulfide bond (1). Also, in LZN-CVN amino
acid sequence, four cysteine residues were present and
formation of the same disulfide bond would be accrued
which was necessary for investigating its anti-HIV in
the future studies. In this study, LZN-CVN was incor-
porated along with pelB to localize the high amounts
of the expressed protein in the periplasm space and to
ensure the correct formation of disulfide bonds. Mori
et al. reported that replacement of ompA with pelB si-
gnal peptides could increase the CVN expression yield
in the periplasmic space (51). Then, the increased yield
of CVN was evaluated via forming an inclusion body
in the E.coli cytoplasm (52). The yield of periplasmic
expression was a single and homogeneous CVN, while,
the yield of expression type as an inclusion body was
heterogeneous CVN, full-length monomeric, dime-
ric with the N-terminal residue deleted indicating the
weakness of this type of expression. Expression of CVN
was investigated by various vectors in E.coli, but the
low amount of the final protein and the formation of
inclusion bodies were unacceptable; so the attentions
were focused on chaperone-fusion expression methods.
In this system, a soluble form of CVN was produced via
application of 6-histidine and small ubiquitin-related
modifier (SUMO) tags in the cytoplasm of E. coli. Simi-
larly, rapid purification of intact soluble CVN was done
using two downstream approaches of affinity chroma-
tography (6-His tag) and cleavage by SUMO-protease
(53). Our results confirmed the successful purification
above by 6-His tag which was observed in the C-ter-
minal of the expressed LZN-CVN. Barrientos et al.
showed the identical anti-HIV activity of CVN in both
assayed proteins, with or without C-terminal His-tag,
and also demonstrated that the added residues had no
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influence on the thermodynamic parameters (54).

Expression of r-proteins in E.coli is affected by
various parameters including the promoter of vector,
induction time, temperature and inducer concentra-
tion (55). In previous studies, in order to produce high
amounts of r-protein different IPTG concentrations, ,
were used as an inducer for the promoter of pET system
(56-58). Like IPTG, lactose is an inducer too, which
could promote cell growth as a carbon source in the
synthesis process of r-protein (14, 16). Unfortunately,
none or little reports compared the expression amount
of CVN or an r-protein with lactose and IPTG or com-
bination of them as in inducer.

In addition to selecting expression host and the cor-
responding vectors or purification processes by cloning
design, application an experimental design techniques
seems to be necessary. The design methods mentioned
could recognize the effect of the main parameters during
protein production and their interactions to predict the
best production, increasing the final protein expression
level and decreasing the manufacturing costs for bio-
reactor use. RSM could apply a series of mathematical
and statistical methods for modeling and analysis of the
responses that were influenced by various variables of
interest (59). The main advantage of RSM is the reduc-
tion of the number of experiments conducted to find
statistically reliable results. RSM is commonly used for
response optimization and selecting acceptable opera-
ting conditions to obtain a set of target specifications
(27, 28, 60).

In the present study, RSM was performed and the
validation of parameters (IPTG concentration, tempe-
rature and time induction) was done for protein pro-
duction conditions. The obtained results led us to have
LZN-CVN protein produced in LB medium at 29 °C for
12 h with 0.6 mM IPTG, as a feasible process in opti-
mized expression conditions. It is proved that a higher
level of r-protein was produced when the IPTG concen-
tration was reduced (56, 61). In our results, low fold
change was related to high levels of IPTG (run 11, 12
and 9). But in the run 6, high levels of IPTG concen-
tration was applied and compared with the other runs,
a high level of fold change was achieved in a different
induction time and temperature. As a result, suitable in-
ducer concentration were not specific for producing all
r-proteins, hence optimization of expression parameters
were suggested for each experiment to obtain the high
level and best concentration of r-protein.

E.coli is a common host for protein expression in
the biotechnology process, through which controlling
of strong promoters (such as lac) could be regulated by
IPTG induction at different levels (62). Finding the opti-
mum concentration of IPTG is an essential step, because
a high concentration results in plasmid segregation and
severe reduction of cell growth rate (especially during
the production of toxic proteins) or some proteases and
soluble forms. Meanwhile slow induction with low
level may actually increase the solubility and activity
of proteins (63-66). However, low IPTG concentrations
may fail to deliver an effective full induction (67). In
molecular biology the standard concentration of IPTG
is ImM (68) and in various studies 0.1 mM was consi-
dered as a low inducer concentration (66, 69). Reducing
the concentration of IPTG is also appealing since it is an

expensive compound and is potentially toxic (70, 71).
In our study, the optimum concentration of IPTG was
0.6mM. Besides the concentration, induction tempera-
ture and time are also two main variables that affect the
final cell growth paving the way for achieving high cell
concentration and the accumulation of recombinant pro-
tein (72, 73). A higher cell growth potentially causes a
higher recombinant protein synthesis and formation of
inclusion bodies (IBs) (74). The optimum temperature
for growing E.coli is 37°C, but in this induction tempe-
rature, the expressed protein could be accumulated as
IBs, while a 7°C decline , would lead to the production
of soluble and active protein at 30°C. Also, long induc-
tion time (24h) at lower than 37°C - about 15-20°C -
could provide an optimal condition for the production of
soluble protein (75). Also, further isolation, purification,
and denaturation processes are necessary to recover the
proteins from the IB form, but in this condition the final
soluble yield is low and the activity of protein may be
altered. It was proposed that the| protein expression rate
as a soluble form could be reduced in low temperature
but formation of IBs did not occur(76, 77). Similarly,
soluble production will be achieved in optimized cell
growth phases. Cell growth was restricted during the
protein expression due mostly to energy expenditure
for other cell process as well. In this case, the desirable
induction time is in the exponential phase (especially
in the middle of that phase) of cell growth not statio-
nary phase since the metabolic activity is complete and
also growth rate is rising (78). In our study, the optimum
induction temperature and time was calculated about
29°C and 12h.

In addition to CVN, a family of cyanovirin-N ho-
mology (CVNH) has recently been recognized. The
new researches focused on the properties of CVNHs
include: structural information analysis, spectrum of
antiviral activity, carbohydrate-binding specificities
and prediction of structure-function interactions (44).
CVNHs were identified in various organisms such as,
filamentous ascomycetes, seedless plants (Ceratopteris
thalictroides, Ceratopteris richardii), Tuber borchii Vit-
tad., and Neurospora crassa (44,79, 80). These findings
elucidated that CVNHs had common fold structure in
compared to CVN and especially the anti-HIV domain
was conserved in the various organs and their anti-HIV
potential could be sustained during evolution.

This paper illustrates the novel evolutionary mutated
gene of CVN with four insertions and one deletion of
nucleotide sequences. This sequence leads to produc-
tion of a shorter protein (named LZN-CVN) which is
different from that of wild-CVN. The BBD method and
RSM successfully optimized the production of LZN-
CVN in E. coli through modifying the three variables,
IPTG concentrations, temperature, and induction time
in 17 experimental runs. As with the main result, it was
found that LZN-CVN production in E. coli was in-
fluenced significantly by the interaction effect of IPTG
concentration and induction time. The obtainable LZN-
CVN here is an important induction time protein to as-
say its functionality in the future experiments.

An on-line server of I-TASSER established at the
KU Center for bioinformatics was used. The obtained
results suggested that four insertions could change the
open frame reading of the CVN protein. As a main fin-
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ding, because of insertion mutations a stop codon had
occurred resulting in expression of a protein shorter
than the CVN reference protein (72 aa vs. 101aa). Dif-
ferences in the 72 amino acid sequence of the wild-CVN
are related to A71 and E72 positions which had been
replaced with G71 and C72 in LZN-CVN, respectively.
Furthermore, it was suggested to function as a carbo-
hydrate binding agent and its similarity to CVN homo-
logy proteins from PDB library was clarified. These dif-
ferences in LZN-CVN gene lead to production of new
protein in which the foldings of the LZN-CVN might be
changed. This feature may also give it a different affinity
for mannose disaccharide ligands on gp120 HIV. Our
results provide a deeper insight to LZN-CVN function
as anti-HIV candidate.
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