
Aminopeptidase N (APN) is one of the important enzymes highly

expressed in metastatic cancers, thus employed as a marker to

target tumor cells. CPG2-CNGRC fusion protein is produced to

target high APN expressing cancer cells, which with the prodrug

results in high toxic effect. Since PEGylation of CPG2 has

shown an improved favorable in vitro stability and

immunotoxicity, we performed a site-directed PEGylation (thiol

group directed) of the CPG2-CNGRC fusion protein and

examined the effect of PEGylation on the resulting fusion

protein’s therapeutic efficacy. CPG2 kinetic activity was

substantially enhanced following PEGylation of the single fusion

protein (PEG CPG2-CNGRC). The binding affinity of the

produced PEGylated fusion proteins to their cellular marker

(APN) was notably reduced in case of the double fusion protein

compared with non-PEGylated ones. Moreover, the cytotoxic

effect of methotrexate and ZD2767P (prodrug) in association of

the PEGylated fusion proteins was investigated and found that

the cytotoxic effect of prodrug with PEGylated single fusion

protein was improved significantly (low cell survival). Similar

finding was found following MTX treatment where lower binding

and kinetic activity of the PEGylated double fusion proteins

resulted in higher MTX toxic effect (lower cell survival) in

comparison with the non-PEGylated double fusion protein. Thus,

although PEGylation is known for its usually favorable effect on

the protein/drug pharmacodynamics, our results indicated that

with our different fusion proteins (single and double fusion

proteins) PEGylation did not improve it similarly.

The use of anticancer agents have been facing several

drawbacks as their poor solubility, short in vivo half-life, low

specificity to the tumor cells resulting in low therapeutic efficacy

and serious side effects (1). PEGylation (conjugation of protein

and/or drug with PolyEthylene Glycol “PEG” polymer) is well

known approach widely used lately to improve pharmacokinetics

and therapeutic properties of peptides and drugs used in cancer

therapy (2-4). We previously succeeded to conjugate PEG

polymer to the therapeutic enzyme glucarbidase

(carboxypeptidase G2 (CPG2)) and generated a PEGylated

biobetter glucarbidase variant (5). Moreover, our recent study

presented a developed fusion protein using the aminopeptidase

N (APN) binding peptide (CNGRC) conjugated to CPG2

targeting APN known as a target for meastatic cancers (6).

In the current study we combined the two approaches and

applied PEGylation to the previously generated fusion proteins

(single”X-CPG2” and double “X-CPG2-X”) producing PEGylated

fusion proteins (PEG single “PEG X-CPG2”and PEG “PEG X-

CPG2-X”double fusion proteins). We assessed the effectiveness

of PEGylated fusion proteins as potential therapeutic

compounds used in combination of a prodrug for targeted

cancer therapy.
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Fig. 1 Site specific PEGylation of CPG2 at Cysteine moiety (-SH). Maleimide-

PEG group (MAL-PEG) reacts specifically with the –SH residues in the protein

Carboxypeptidase G2 “CPG2” forming a PEG-CPG2 conjugate. (a) Reaction of

WT CPG2 which has one Cys. Group with MAL-PEG. (b) Reaction of single

CPG2 fusion protein X-CPG2 (CNGRC- peptide “blue” fused at N terminal)

with MAL-PEG. (c) Reaction of double CPG2 fusion protein X-CPG2-X

(CNGRC- peptide “blue” fused at both N and C termini) with MAL-PEG. X:

CNGRC.

Fig. 3 Circular dichroism spectra of

CPG2 fusion proteins before and after

PEGylation. (A) The combined far UV

spectra of CPG2 “WT”, single “X-CPG2”

and double “X-CPG2-X” fusion proteins.

(B) The combined far UV spectra of

PEG CPG2, PEG X-CPG2 and PEG X-

CPG2-X fusion proteins. (C) Table

presents the results of CDNN

deconvulation analysis of the PEGylated

and non-PEGylated CPG2 fusion

o Enhanced CPG2 enzymatic activity and stability of the PEG 
CPG2 fusion proteins:

Fig. 4 Enzyme kinetics of the

PEGylated and non-

PEGylated CPG2 fusion

proteins. (A) The catalytic

activity of CPG2 presented in

the graph of MTX hydrolysis

rate by CPG2.

o Lowered Ex-vivo immunotoxicity of the PEGylated 

CPG2 fusion proteins.

o Varied cytotoxicity of Methotrexate and the prodrug ZD2767P 
on cancer cell lines pre-treated with PEGylated CPG2 fusion 
proteins.

Fig. 7 In vitro binding strength of PEGylated and non-PEGylated CPG2

fusion proteins to the APN expressing cancer cell lines. low “A549” and

high “HT1080” APN expressing cancer cell lines were cultured in 96-well

plate with either PBS (as negative control) or increasing concentrations of

the purified PEGylated and non-PEGylated CPG2 fusion proteins (0.063,

0.127, 0.192 and 0.255 µM). ELISA assay using horseradish peroxidase

(HRP)–tagged anti-His6 antibody was utilized to explore the binding

capacities of the PEGylated fusion proteins.

Fig. 6 The effect of Methotrexate (MTX) and the prodrug ZD2767P on

cell viability following treatment with PEGylated and non- PEGylated

fusion proteins. High (HT1080, HepG2 and MDA-MB468) and low

(A549, MDA-MB231 and FaDu) APN expressing cancer cell lines were

incubated with the purified PEGylated fusion proteins, followed by

treatment with MTX and ZD2767P along with PBS “ negative control” and

MTX only “positive control for 48hrs. MTT assay was employed to obtain

the percentage of cell viability. The resulting survival results are

normalized to the negative control as 100% survival.
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- PEGylation of CNGRC-CPG2 fusion proteins and

purification.

- Structural analysis of the resulting PEGylation proteins

showed a significant effect of PEGylation on alpha helix

and beta sheet composition.

- From our present results of lowered binding and activity of

the PEGylated double fusion proteins, this was expected

and probably steric hindrance and the PEG polymer

conjugation sites lowered the enzyme substrate binding

leading to lowered activity, moreover the receptor–peptide

(APN-CNGRC) binding was similarly affected in case of

PEGylated double fusion proteins.

Production of active long lasting CNGRC-CPG2 fusion protein 
using PEGylation to be used in Ligand Directed Cancer Therapy  

Fig. 2 Identification of

PEGylated CPG2 proteins. The

resulting PEG- CPG2 fusion

proteins (WT “PEG-CPG2”,

single “PEG X-CPG2” and

double “PEG X-CPG2-X” fusion

proteins) were separated on

SDS-PAGE and either (A)

stained with Coomassie brilliant
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α-Helix 

β-Sheet Beta Turn Random Coil Total 

Antiparallel parallel 

CPG2 “WT” 56.6% 4% 4.5% 13.3% 19.5% 98% 

X-CPG2 42.2% 6.2% 6.7% 15.2% 27.2% 97.6% 

X-CPG2-X 39.7% 6.6% 7.4% 15.4% 29.7% 98.8% 

PEG CPG2 34.4% 8.1% 8.5% 16.5% 32.2%    99.6% 

PEG X-CPG2 59.5% 3.5% 4.2% 12.5% 19.3% 99% 

PEG X-CPG2-X 61.5% 3% 4.1% 11.7% 20.5% 100.7% 

Fig. 6 Ex-vivo T cell proliferation assay. The immunotoxicity of PEGylated

and non-PEGylated CPG2 fusion proteins was studied. PBMCs from

normal healthy donors were co-incubated with the CPG2 fusion proteins

“10µg/ml”, in addition to the vehicle (PBS) as negative control and

Lipolysaccharide “LPS” as positive control. After 48hrs cells incubated with

the resultingCCK-8 solution for 4hrs, and the resulting absorbance at

450nm plotted for each donor (D).

proteins CD spectra, showing their secondary structure composition. Darker 

shades indicate an increase in the composition percentage.

“A”

“B”

(B) The enzyme kinetics parameters (Km, Vmax and Kcat) of the

PEGylated and non-PEGylated CPG2 fusion proteins, Graph pad PRISM 6

software was used to calculate the parameters.

o Preparation, identification and structural analysis of 

the PEGylated CPG2 fusion proteins:

Blue or (B) western blot with anti-PEG antibody. Lanes 1, 3 and 5 show the

bands for un-PEGylated proteins (WT, X-CPG2 and X-CPG2-X respectively),

whereas lanes 2, 4 and 6 show the bands for PEGylated CPG2 proteins

(PEG CPG2, PEG X-CPG2 and PEG X-CPG2-X respectively). PEG:

polyethylene glycol, CPG2: Carboxypeptidase G2, X: CNGRC peptide.

Fig. 5 PEGylated CPG2 fusion proteins stability in human plasma. Plasma

samples from healthy donors were incubated at 37οC with 0.1µl/µg of the

purified PEGylated and non- PEGylated CPG2 fusion proteins. The

enzymatic (MTX hydrolytic) activity of CPG2 in each sample was tested

every 48hrs, and the percentage of remaining catalytic activity was plotted

following normalization to a 100% activity at 0 time point.

o Differential cellular binding of the PEGylated CPG2 fusion 
protein in vitro:

MTX

ZD2767P
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