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Recovery and purification of stem cells are determining steps in order to obtain the purity and viability
required for transplantation. In this context, immunochemical techniques have been widely preferred
due to their high selectivity. CD133, a glycoprotein expressed by stem cells, is a well-used marker for iso-
lation of neural stem cells. Transplantation of neural stem cells into patients can promote neural growth
and improve neuronal functions. In this study, a new method for site-specific PEGylation of CD133-

'C(eDﬁV;grdS: Biotin antibody is performed through streptavidin-biotin conjugation. Purification was carried out by
Antibody PEGylation ion-exchange chromatography. The characterization of the single PEGylated CD133-Biotin antibody was

confirmed using electrophoresis with silver staining and I,-BaCl, for PEG detection. Moreover, online PEG
quantification directly after the chromatographic step was conducted (in each fraction) to detect exact
elution times of PEG. In conclusion, the novel CD133-Biotin antibody PEGylation strategy conducted in
this study could be used as a process step in route to neural stem cell recovery and purification via the
modification of existing techniques such as aqueous two phase systems, PEGylated affinity columns or
fluidized chromatography.

Stem/progenitor cells separation
Streptavidin-biotin conjugation
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1. Introduction

Stem cell transplantation has emerged as a novel therapeutic
alternative for several incurable diseases. In this sense, the recov-
ery and purification of stem cells are crucial steps in order to supply
the number of cells required and in the degree of purity needed.
In other words, the success of a transplant procedure is to a large
extent dependent on the effectiveness of the purification and recov-
ery strategies. A desirable recovery method for stem cells has to
guarantee high purity and should be sensitive, rapid, quantitative,
scalable, non-or minimally invasive to preserve viability and dif-
ferentiation capacity of the purified cells [1-3]. Currently, there are
a wide range of methodologies for stem cell isolation. Neverthe-
less, there is not a golden standard method that accomplishes all
requirements [3-5].

One of the most exploited techniques for stem cell isolation has
been the immunochemical, owing the high specificity conferred
by the surface marker (cluster of differentiation CD) employed as
molecular tagging. For example, one of the most recently used CD
for identification of stem cells is the novel CD133 (also known as

Abbreviations: CD, cluster of differentiation; IEC, ion exchange chromatogra-
phy; PBS, phosphate buffered saline; PEG, poly(ethylene glycol); SDS-PAGE, sodium
dodecyl sulphate polyacrylamide; UV, ultraviolet.
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prominin-1). CD133 is a five-transmembrane glycoprotein [6] that
appears to be a reliable marker for the isolation of neural stem cells
[7] and has the ability to promote neural growth [8].

Antibody PEGylation has been used in the past decades to
improve therapy treatments due to the benefits that the cova-
lent attachment of poly(ethylene glycol) (PEG) to the antibody
confers. These advantages include: increase circulating half-lives
of antibodies; reduce antigenicity, immunogenicity and toxicity;
improve solubility and bioavailability; and enhance proteolytic
resistance [9]. Nevertheless, this technique has not been exploited
for the recovery and purification of stem cells. In this manner,
the conjugation of PEG to a specific antibody (i.e. CD133-Biotin
antibody) could confer valuable properties that could be exploited
afterwards in downstream process. For example, the recovery and
purification of stem cells for clinical applications could be achieved
through modified aqueous two phase systems[10], PEGylated affin-
ity columns or fluidized chromatography with PEGylated matrixes.
In this sense, a site specific conjugation should be used to preserve
the affinity of the interaction between the antibody and antigen.
Streptavidin-biotin conjugation is an alternative for a site-specific
reaction which can be conducted by employing derivatized PEGs
with biotin and biotinylated antibodies (i.e. CD133-Biotin). In this
way, streptavidin (with four binding sites for biotin) can bridge two
biotinylated reagents and form a site-specific PEGylated antibody.
This reaction is highly specific and results in only one product.

In the present study, the site-specific PEGylation of CD133-
Biotin antibody is performed through the streptavidin-biotin
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conjugation. Furthermore, its purification and characterization is
achieved, as a first step, in route to neural stem cell recovery and
purification for clinical applications.

2. Experimental
2.1. Materials

Poly(ethylene glycol) (molecular weight of 10kDa) carrying
an activated amine group at one end and biotin at the other
(NH,-PEG-Biotin) was purchased from Nanocs Inc. (NY, USA).
Immunopure streptavidin was obtained from Thermo Scientific (IL,
USA), CD133-Biotin antibody (CD133/2 (293C3)-Biotin, catalogue
number 130-090-852) from Miltenyi Biotec (Bergisch-Gladbach,
Germany), Tris electrophoresis purity reagent and Precision Plus
Protein Kaleidoscope molecular weight standard from Bio-Rad (CA,
USA), and Tween 20 from Agdia Inc. (IN, USA). The rest of the
reagents were acquired from Sigma-Aldrich Co. (MO, USA).

2.2. CD133-Biotin antibody PEGylation

PEGylation of CD133-Biotin antibody was achieved exploit-
ing the streptavidin-biotin conjugation with a NH,-PEG-Biotin
to CD133-Biotin molar ratio of 850:1 and a streptavidin to
CD133-Biotin molar ratio of 32:1. For this, 0.1 mg of streptavidin
where dissolved in 100 L of buffer reaction containing phos-
phate buffered saline 1x (PBS) (Sigma-Aldrich Co., MO, USA) with
0.05% Tween 20 pH 7.4 and 100 p.L of CD133-Biotin. This solution
was incubated for 1 h at room temperature and then concentrated
to 15 L using 0.5 mL Amicon Centrifugal filter units of 100 kDa
(Millipore, USA). Buffer reaction (485 p.L) was added to the 15 pL
concentrate and mixed with 500 L of a solution 1 mg/mL of NH;-
PEG-Biotin 10kDa (Nanocs, NY, USA). The resulting solution was
incubated during 1 h at room temperature. The PEGylated CD133-
Biotin antibody was stored at 4 °C.

2.3. Purification of PEGylated CD133-Biotin antibody

The purification of the PEGylated CD133-Biotin antibody was
carried out with an Akta Explorer 100 system (GE Healthcare,
Uppsala, Sweden) with a 5mL ion-exchange column (HiTrap Q-
Sepharose Fast Flow, GE Healthcare) pre-equilibrated with buffer A,
Tris—-HCI 20 mM (pH 8.3). After injection of 0.1 mL of syringe filtered
(0.45 wm) sample, the column was eluted with a 10 volume col-
umn linear gradient buffer (0-2 M NaCl in buffer A) at a flow rate of
2.5mL/min.The 5 mL fractions were monitored at 280 nm, collected
for online PEG quantification and then concentrated to 1.0 mL using
a Centricon 3 kDa (Millipore, MA, USA) for the SDS-PAGE analysis.

2.4. SDS-PAGE analysis

For this, 12.5% (w/v) mini acrylamide gels (10cm x
7.5cm x 0.75cm) were prepared as described by Laemmli [11].
The gels were first visualized for PEG using the barium-iodine
method from Skoog [12] eliminating the fixation step. In brief, gels
were incubated for 5 min while shaking at room temperature with
5mL of 5% barium chloride and 2 mL of 0.1 M iodine solution. Sub-
sequently, the gels were washed with sufficient double-distilled
water for 15min while shaking at room temperature. After the
PEG staining step, the protocol for the silver staining developed by
Blum [13] was carried out as follows: gels were fixed for 40 min
with 60 mL of a solution containing 50% methanol, 12% acetic acid
and 0.5mL of 37% formaldehyde per litre. The fixed gels were
washed during 30 min with 120mL of 50% ethanol and treated
afterwards with 0.02% sodium thiosulphate for 1 min. Excess thio-
sulphate was removed from the gel surface by rinsing three times

with double-distilled water for 20s. Silver nitrate impregnation
was carried out in 60 mL of 0.2% silver nitrate solution containing
45 pL of 37% formaldehyde for 20 min. Gels were washed two
times with double-distilled water for 20s and developed with 6%
sodium carbonate solution containing 0.5 mL of 37% formaldehyde
and 4 mg sodium thiosulphate per litre. The reaction was stopped
by adding 30 mL of a solution containing 50% methanol and 12%
acetic acid and the gels were stored in 50% methanol.

2.5. Online PEG quantification

Online PEG quantification for the detection of the exact elution
times of PEG was carried out directly after the chromatographic
step. In brief, 176 L of each collected fraction was treated with
44 pL of 5% barium chloride and 22 pL of 0.1 M iodine solution [14].
Next, they were incubated for 15 min before analysis at 535 nm.

3. Results and discussion

Antibody PEGylation has been widely used, however, to our best
knowledge, no reports are found in literature concerning PEGyla-
tion of CD133 antibody. This conjugation was achieved through
the site-specific reaction streptavidin-biotin (Fig. S1). Streptavidin
poses four binding sites with an extraordinarily high affinity for
biotin that can bridge two biotinylated reagents (PEG and CD133-
Biotin antibody, in this case). The streptavidin-biotin complex has
a great resistance to organic solvents, denaturants, detergents, pro-
teolytic enzymes, and extremes of temperature and pH making
this conjugation very stable and one of the strongest non-covalent
interactions known in nature.

The main advantage of utilizing this site-specific reaction over
the amine-reactive chemistry (most common way of attaching PEG
to protein)[9]is the preservation of the affinity interaction between
the antibody and its antigen. Other positive effects that are embed-
ded with the PEGylation include: increase circulation half-lives,
greater environmental and proteolytic stability [9].

The purification of PEGylated CD133-Biotin antibody was
performed with a Q-Sepharose resin. Fig. 1 illustrates the chro-
matogram profile of the PEGylated CD133-Biotin antibody reaction
and reaction’s reagents. The native negatively charged CD133-
Biotin antibody is shown in green (Fig. 1). It is clearly observed
that practically a minor amount is present in the reaction (red line
at approximately 40 mL). This proves the high affinity of strepta-
vidin with biotin. The first red peak of the PEGylated reaction (at
about 6 mL) is positively charged. Therefore is not retained on the
anionic adsorbent. Presumably, this peak represents the unbound
NH,-PEG-Biotin that did not react with the conjugated CD133-
Biotin-Streptavidin. At this same time (around minute 2), a small
amount of the standard of streptavidin and PEG are visualized,
implying they are not retained on the column. Normally, the PEG
standard will not give a signal at 280 nm. But in this case, a mod-
ified PEG is used and the UV absorption may come from traces of
intermediate (tosylate) left during the synthesis, as explained by
the supplier.

From the chromatogram in Fig. 1, the elution of the negatively
charged compounds is achieved with a considerably low conductiv-
ity. Hence, a concentrated salt gradient is not required to displace
these weak anionic complexes. The obtained elution profile was
the following: NH,-PEG-Biotin standard followed by the PEGylated
CD133-Biotin antibody, then the streptavidin standard and the last
peak represents the native CD133-Biotin antibody. The resolution
obtained allowed the separation of each standard from the PEGy-
lated CD133-Biotin antibody (third red peak), supporting the use of
anion exchange purification strategy. With this evidence, it can be
stated that the PEGylated CD133-Biotin antibody acquires a weaker
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Fig. 1. Chromatographic profiles using ion exchange chromatography of the PEGylated CD133-Biotin antibody reaction and reaction’s reagents. Column: HiTrap Q-Sepharose
Fast Flow, buffer A: Tris—-HCI 20 mM pH 8.3, buffer B: buffer A+2 M NaCl, Flow: 2.5 mL/min, loop: 100 L. Volume column: 5 mL. Red line: PEGylated CD133-Biotin antibody
reaction; blue line: NH,-PEG-Biotin reagent; black line: streptavidin reagent and green line: CD133-Biotin antibody reagent. (For interpretation of the references to colour

in this figure legend, the reader is referred to the web version of the article.)

negative charge through the process reaction in comparison to its
native antibody standard.

The SDS-PAGE gels were run to present evidence of the PEGy-
lation of CD133-Biotin antibody (Figs. 2 and 3). First, the gels were
stained with I,-BaCl, (Figs. 2A and 3A) to determine the presence
of PEG. Then they were silver stained (Figs. 2B and 3B) to visual-
ize proteins. NH,-PEG-Biotin standard is seen with the I,-BaCl,
staining at 50 and 20 kDa (Fig. 2A lane 1). Meanwhile, the PEGy-
lated CD133-Biotin antibody reaction displays two bands of PEG,
one greater than 100 kDa and other at 20 kDa (Fig. 2A lane 7). With
this evidence, it can be stated that the PEGylated CD133-Biotin anti-
body is the one with a higher molecular weight. While the excess
PEG that did not reacted conserves the same weight of 20 kDa, as
its standard. To this respect, the I,-BaCl, method detects the pres-
ence of PEG in a fast, simple, economical, and non-toxic qualitative
way based on the formation of a barium iodide complex with PEG
[14]. But it is important to mention that the molecular weight of
the bands of PEG read with respect to the Precision Plus Protein
Kaleidoscope will not correspond to the real weight of the PEG.

The silver staining method (Fig. 2B lane 7) confirms the pres-
ence of PEGylated CD133-Biotin antibody at about 100 kDa. In this

manner, the visualization of PEG (Fig. 2A lane 7) and protein (Fig. 2B
lane 7, dotted square) at the same spot of the gel concludes that
CD133-Biotin antibody is indeed PEGylated. The reaction of the
PEGylated CD133-Biotin antibody also contains streptavidin that
did not react at approximately 15 kDa (Fig. 2B). This coincides with
the band in Fig. 2B lane 5 which contains the streptavidin stan-
dard (circulated region). Lane 9 shows the CD133-Biotin antibody
standard, which contains two bands of approximately 25 kDa and
50-60 kDa. The heaviest band of 50-60kDa is still visible on lane
7 (PEGylated CD133-Biotin antibody). But the band of 25kDa is
apparently the PEGylated and thus increases its molecular weight,
asitis not visualized on lane 7 (PEGylated CD133-Biotin antibody).

Online PEG quantification of the collected fractions after ion
exchange chromatography (IEC) was also conducted with the
I,-BaCl, method employing a calibration curve. The concentration
of PEG in each fraction of the PEGylated CD133-Biotin antibody
reaction (Fig. 4, green line) and the PEG standard (Fig. 4, blue
line) were calculated with this novel procedure of online PEG
quantification. An overlapping of these data with the chromato-
graphic profile of the PEGylated CD133-Biotin antibody reaction
(Fig. 4, red dotted line) was performed. The presence of PEG
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Fig. 2. SDS-PAGE analysis of PEGylated CD133-Biotin antibody reaction and reaction’s reagents with I,-BaCl, staining for PEG detection (A) and silver staining for protein
detection (B). The samples are: NH,-PEG-Biotin 5 j.g (lane 1), molecular weight marker Precision Plus Protein Kaleidoscope 1.5 pg (lane 3), streptavidin 0.83 ng (lane 5),

PEGylated CD133-Biotin antibody (lane 7), and CD133-Biotin antibody 0.5 pg (lane 9).
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Fig. 3. SDS-PAGE analysis of purified fractions of PEGylated CD133-Biotin antibody after ion exchange chromatography with I,-BaCl, staining for PEG detection (A) and silver
staining for protein detection (B). The samples are: molecular weight marker Precision Plus Protein Kaleidoscope 1.5 g (lane 1), peak number one of the purified PEGylated
CD133-Biotin antibody (lane 2), peak number two of the purified PEGylated CD133-Biotin antibody (lane 3), peak number three of the purified PEGylated CD133-Biotin
antibody (lane 4), peak number four of the purified PEGylated CD133-Biotin antibody (lane 5), and PEGylated CD133-Biotin antibody before ion exchange chromatography

(lane 6).

agrees with the previous information presented. The first green
peak is the excess PEG that did not reacted. Meanwhile, the sec-
ond green peak is the PEG that PEGylates CD133-Biotin antibody,
which elutes at around 35 mL. Another important aspect of the
online PEG quantification method is that the concentration of
PEG quantified at the end of the chromatography corresponds
to the initial concentration of PEG utilized during the PEGy-
lation reaction. Furthermore, this method, as the PEG staining
procedure implemented on SDS-PAGE gels, is fast, easy, non-
toxic, economical, but the difference is that this technique is
quantitative.

The fractions obtained from the IEC were also analysed with an
SDS-PAGE (Fig. 3). PEGylated CD133-Biotin antibody corresponds
to the third peak (Fig. 3B lane 4) and the excess PEG that did not
react was collected in the first peak (Fig. 3A lane 2). Moreover, there
is no evidence of excess PEG in another fraction, confirming the
effectiveness of the separation technique capable of separating in a
single step the free PEG and other contaminants from the PEGylated
product. Additionally, the purification of PEGylated CD133-Biotin
antibody also increases the resolution in the SDS-PAGE gel, allow-
ing the clear visualization of 2 bands of approximately 250 kDa
and 150kDa (Fig. 3B lane 4). The results reported here clearly
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Fig. 4. Overlapping of PEGylated CD133-Biotin antibody reaction chromatogram
and online PEG quantitation using I,-BaCl,. Blue line: online PEG quantification of
the PEG standard; green line: online PEG quantification of the PEGylated CD133-
Biotin antibody reaction; and red dotted line: chromatogram of the PEGylated
CD133-Biotin antibody. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of the article.)

demonstrated that the PEGylation, purification and characteriza-
tion of CD133-Biotin antibody was effectively conducted obtaining
a site-specific PEGylated CD133-Biotin antibody.

4. Conclusions

This study reports the successful PEGylation of CD133-Biotin
antibody via streptavidin-biotin conjugation. This site-specific
reaction is highly effective and thus only produces a single prod-
uct. The online PEG quantification allows a rapid visualization of
the fractions which contains the excess PEG as well as the PEG that
PEGylates CD133-Biotin antibody. The novel PEGylated CD133-
Biotin antibody prepared in this study could be used as a practical

strategy in immunoaffinity aqueous two phase systems, PEGylated
affinity columns or fluidized chromatography. Hence exploiting the
potential advantages conferred by the PEG to the antibody with
respect to these same techniques utilizing native antibodies.
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