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Abstract

Lipid enveloped retroviruses such as Moloney Murine Leukaemia Virus (MoMuLV) are commonly used gene therapy vectors. Downstream
processing protocols used for their purification are time consuming and a potentially generic, single step capture method for the recovery of
retroviral particles is proposed that exploits streptavidin—biotin affinity chromatography. The ability of four conventional adsorbentgdljd pha
Fractoge?, Sepharose, Magnesphéteand STREAMLINE immobilised with streptavidin, to capture and recover biotinylated Moloney
Murine Leukaemia Virus was studied. MoOMuLV can be biotinylated whilst retaining infectivity and the biotinylated virus can be adsorbed
to Streptavidin Magnespheres yielding a 2298-fold increase in titre. For optimal virus biotinylation purification using Frattegéhvidin
can yield a 1896-fold increase in cfu/mg of protein and a 1191-fold decrease in DNA/cfu. Infectious virus can be recovered from®Fractogel
streptavidin with a maximum recovery of 16.7%.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction manufacture of retroviral particles have been reviewed by
Braas et al[4] and Lyddiatt et al[5].

Replication incompetent retroviruses such as Moloney  Affinity chromatography enables a specific separation of
Murine Leukaemia Virus (MoMuLV) are commonly used the viral vector from contaminating host cell proteins. Re-
gene therapy vector|d] as they allow (i) the stable inte- cently antibody and heparin-affinity chromatography have
gration of a therapeutic gene into a host cell genome, (ii) been used to purify adeno-associated viruses (A&Y and
highly efficient gene transfer, (iii) have awide hostrange, (iv) herpes simplex virug7]. However, there are potential con-
low immunogenicity and (v) retroviruses are the only avail- straints with both of these techniques that would be problem-
able vectors that selectively infect only proliferating cells atic in manufacturing. Antibody production, purification and
[2]. immobilisation are costly at large scale and for each virus

Retroviral vectors are often purified using conventional type a different antibody would be requirgd. In addition,
multi-step downstream processing methods including den- many cellular proteins are known to associate with heparin,
sity gradient centrifugation, utrafiltration and ion exchange hence the use of a heparin column requires the incorporation
chromatography3]. These are time consuming and some of a specific step to remove contaminating heparin-binding
are scale limited and generally result in low recoveries of proteing[6].
infectious retroviral particles. The clinical demands on the  This work demonstrates that affinity chromatography can

be exploited as a single step capture method for the generic
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E-mail addressnkhs2@cam.ac.uk (N.K.H. Slater). biotin interactions. Hughes et 48] described a method for

1570-0232/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jchromb.2005.03.016



112 S.L. Williams et al. / J. Chromatogr. B 820 (2005) 111-119

Table 1

Physical characteristics of the selected adsorbent solid phases

Adsorbent Adsorbent configuration Manufacturer Adsorbent particBurface area/ml of Ligand density
diameter (um) adsorbent (cf) (mg/ml of adsorbent)

Fractoge? streptavidin Tentacular (80 nm pores) Merck 40 1504 0.123

Streptavidin Magnesphef®s Non-porous Promega 1 60385 Unknown

Sepharose streptavidin Microporous (<100 nm pores) Amersham Biosciences 100 592 0.105

STREAMLINE streptavidin ~ Microporous (<200 nm pores) Amersham Biosciences 200 300 0.31

The relevant manufacturer supplied the physical data for each of the adsorbent solid phases where appropriate. The ligand density data veas determin
experimental by difference analysis using the Bradford assay subsequent to the coupling protocol.

biotin tagging MoMuLV particles and concentrating these 2.2. Preparation of affinity adsorbents
using streptavidin coated paramagnetic particles. Their hy-
pothesis is that retroviranvprotein residing on the surface  2.2.1. Fractogé?
of packaging cells can be biotinylated prior to its associa-  Streptavidin was immobilised onto Fracto§eEMD
tion with gagandpol. During continued culture the budding  Azlactone following the manufacturers’ guidelines (Merck,
process associates the biotin modifeewith the retroviral Poole, UK). Streptavidin (2 ml of a 10 mg/ml solution) was
core resulting in the production of biotin labelled retrovirus. added to pre-swollen gel (2g dry weightZ ml of gel)
Furthermore, they demonstrated that the virus retained infec-swollen in phosphate buffer (50 mM, pH 8.0). The reac-
tivity whilst still bound to adsorbent particl¢8,9]. tion was continued for 24 h at room temperature after which
Streptavidin is a tetrameric protein derived fr@trep- the adsorbent was washed with 0.2 M glycine at pH 8.0,
tomyces avidinithat demonstrates a high affinity for biotin 0.2 M glycine at pH 3.0 and phosphate buffered saline (PBS,
(Kq=10"13-10"16 M), binding four moles of biotin permole 0.1 M, pH 7.4), respectively. The concentration of strepta-
of protein with a binding site in each protein subJaid, 11} vidin bound/ml of adsorbent was determined by mass balance
Three molecular recognition motifs are responsible for the exploiting the Bradford assay.
high affinity; (i) one of the surface loops of the streptavidin
barrel adopts a closed conformation that covers the bind-2 2.2, Sepharose and STREAMLINE
ing pocket when biotin is present, (i) hydrophobic interac-  Activation of Sepharose CL-6B and STREAMLINE was
tions, predominantly between the biotin and four tryptophan completed as described following a protocol adapted from
residues (Try 79, Try 92, Try 108 and Try 120), contribute to  McCreath and Chagd4]: a sample of adsorbent (4 ml set-
the strong binding and (iii) hydrogen bonding between biotin tled volume) was washed (two times) with ice-cold NaOH
and streptavidif12]. Biotin is a water-soluble vitamin and  (0.17 M, 46 ml). The adsorbent was then incubated with ice-
an enzyme co-factor that is synthesized by bacteria and yeastold NaOH (0.17 M, 46 ml) for 1 h at4C. Once the particles
[13]. had settled the residual NaOH was removed and replaced with
This paper describes the batch adsorption of exogenously2 m| of fresh NaOH (0.17 M, ice-cold). A suspension of ice-
biotinylated MoMuLV particles using conventional chro- cold acetone containing 250 mM cyanuric chloride (400
matography adsorbents (FractdgeBepharose, STREAM-  was added to the adsorbent slurry and mixed for 6 mirt &4
LINE and paramagnetic MagnesphéteSable ) and meth-  The activated adsorbent was then washed in ice-cold acetone
ods for the effective desorption of infectious virions. (46 ml for 5min), 50% acetone (46 ml for 5min) and PBS
(46 ml for 5 min). After the adsorbent had settled the PBS was
removed and replaced with 3.5 ml of fresh PBS. A solution

2. Materials and methods of streptavidin was added to the activated adsorbent (1 ml of
a 10 mg/ml solution) and agitated by end over end mixing for
2.1. Chemicals and reagents 3 h at room temperature. The supernatant was removed and

the adsorbent washed £310 ml PBS). The concentration of

All reagents were purchased from Sigma (Poole, UK) or streptavidin bound/ml of adsorbent was determined by differ-
BDH Ltd. (Hants., UK) as Analar grade or equivalent ex- ence analysis exploiting the Bradford assay. The remaining
cept where specified in the text. Streptavidin MagnespReres reactive groups were blocked by overnight incubation with
paramagnetic particles, 1 mg/ml (5108 particles/ml) were 0.2 M ethanolamine/HCI (4 ml, pH 8.5) at room temperature.
supplied by Promega (Southampton, UK). Biotinamindohex-
anoic acidN-hydroxysuccinimide ester (stored-a20°C in 2.2.3. Batch adsorption
DMSO at 366 mM; BiotinSE) and puromycin were supplied  Fractoge? streptavidin and Sepharose streptavidin were
by Sigma (Poole, UK). Rothwell Park Memorial Institute sanitised with 0.25M NaOH (30 min at room temperature)
medium (RPMI) and Dulbecco’s Modified Eagles Medium  then exhaustively washed with sterile Dulbecco’s phosphate
(DMEM) cell culture media were supplied by Invitrogen puffered saline (DPBS, pH 7.4) to equilibrate the adsorbent
(Paisley, UK). solid phases. Streptavidin Magnesph8regere supplied



S.L. Williams et al. / J. Chromatogr. B 820 (2005) 111-119 113

sterile and prepared by washingx3. ml) in DPBS. Adsor- plates returned to the incubator for 1-2 h. Preparations of
bent (50ul) was added to 3 ml of the harvested retrovirus freely suspended or Streptavidin Magnespfidreund virus
containing cell culture supernatant and mixed at room were titred as described by Hughes e{&l Briefly, sam-
temperature for 2 h using a rotary mixer. The adsorbent wasples were diluted serially 1:10 in RPMI with 10% FCS and
sedimented under gravity and the virus cfu/ml was deter- 100ul was added to triplicate wells with mixing. After 48 h
mined. The adsorbent was washedx(2ml) with DPBS. the medium in the wells was replaced with 1 ml of RPMI
At this stage the Streptavidin Magnesphé&ragere plated with 10% FCS containing pg/ml puromycin. The plates

to determine the cfu/ml adsorbed to the adsorbent, thereforewere regularly checked and fresh RPMI containinggdml|

they were not used in the desorption studies. In this study thewas added when required. The plates were returned to cul-
biotinylated retrovirus was desorbed using 0.6 mM d-biotin. ture for a further 2 weeks after which the colony forming
After the adsorbents were washed and 1ml of 0.6 MM unit number was determined. The concentration of cfu/ml
d-biotin (suspended in DPBS) was added to the adsorbentwas calculated as the number of colonies/well multiplied by
sample and mixed for 2h at room temperature using a the dilution factor.

rotary mixer. After desorption the cfu/ml of supernatant was

determined. 2.2.7. Retroviral stability studies
The stability of the biotinylated MoMuLV patrticles in var-
2.2.4. Celllines ious desorption reagents was assessed using 0.6-10 mM d-

HelLa adherent epithelial cells (human cervical cancer biotin [15], 6 M guanidine—HCI, pH 1.5%10] and 6 M urea
cells) were routinely grown in RPMI medium supplemented [16]. MoMuLV was added to the relevant desorption buffer
with 10% foetal calf serum (FCS, LabTech International), and mixed at room temperature for 120 min using a rotary
2mM L-glutamine, 10Qug/ml streptomycin and 100 U/ml  mixer. Samples (10Ql) were taken before and after the con-
penicillin. PG13 pBabe.puro producer cells were generatedtact time to determine viral titre. The 6 M guanidine—HCl and
as previously described [8]. The cells are NIH 3T3 based 6 M urea samples were dialysed against PBS, pH 7.4 (3mil:
retroviral packaging cells with the Gibbon Ape Leukaemia 100 mlPBS) for 120 min at room temperature before the titre
virus envelope gene that produce MoMuLV transferring was determined by assay. MoMuLV in cell culture supernant
puromycin resistance. PG13 packaging cells were culturedcontaining no additives was used as the control. No signifi-

in DMEM supplemented with 10% FCS, 2 mMglutamine, cant loss in titre was observed after 120 min with the control
100wg/ml streptomycin and 100 U/ml penicillin. Both cell samples (results not shown). All other samples were assayed
lines were passaged by trypsinisation. without prior dialysis.

2.2.5. Biotinylation of retroviral particles 2.2.8. Total protein determination

Retroviral particles produced from BiotinSE treated Total protein concentrations were determined using a
Murine fibroblast-derived PG13 packaging cells (Moloney commercially available assay reagent supplied by PERBIO
Murine Leukaemia Virus) acquired biotinylated envelope (Cheshire, UK) that is based upon a colourimetric method
proteins as they bud from the PG13 cell membrane as de-proposed by Bradfordl7]. A standard curve was gener-
scribed in detail in Hughes et §8,9]. Briefly, PG13 producer  ated using bovine serum albumin (BSA) at concentrations
cells were trypsinised and plated at 7.0° cells/90 mm petri- between 0 and 3@g/ml in DPBS. The standards were incu-
dish. After 72 h of culture, the medium was thoroughly aspi- bated in an equal volume of assay reagent for 5 min at room
rated and replaced with 10 ml of freshly prepared BiotinSE temperature (0.5 ml of sample + 0.5 ml of assay reagent). The
reagent (10 ml of PBS, pH 8.0, 0.75 mM Ca@hd 0.48 mM absorbance of the standards was determined at 595 nm against
MgCl, with 500M BiotinSE). The reagent was contacted a buffer blank. Experimental samples diluted to a suitable
with the PG13 cells for 30 min at room temperature after concentration were prepared using the same method as the
which the reagent was thoroughly aspirated and replaced withstandards and the total protein determined from the standard
12 ml of DMEM supplemented with 10% FCS and the cells curve.
returned to 37C. After a further 3—4 h the medium was re-
placed and the cells returned to the incubator for 18 h after 2.2.9. SDS-PAGE analysis
which the retrovirus was aspirated. Non-biotinylated retro-  Samples were analysed by SDS-PAGE using NUPAGE
viral particles were produced following the same protocol Novex Bis-Tris 4-12% Gels and the XCell Mini-Cell ac-

omitting the BiotinSE. cording to the manufacturer’s instructions (Invitrogen, UK).
The gel was photographed using the Kodak (US) EDAS 290
2.2.6. Determination of viral titre utilising a visible light illuminator.

Adherent HelLa cells were trypsinised and adjusted to
1 x 10° cells/ml of cell suspension and 0.5ml plated into 2.2.10. Total DNA determination
each well in a 24 well plate. The plates were placed into  DNA concentrations were determined by fluorometric as-
a 37°C incubator for 24 h after which 0.5 ml of RPMI con- say using the intercalating dye PicoGreen (Cambridge Bio-
taining 8u.g/ml polybrene was added to each well, and the science, Cambridge, UK) according to the manufacturers
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Fig. 1. Capture of biotinylated and non-biotinylated MoMuLV using Strep-  Fig. 2. Affinity capture of biotinylated MoMuLV. Each adsorbent (i)
tavidin Magnespher8&s After the Streptavidin Magnesphefesere washed Fractoge? streptavidin, (i), Streptavidin Magnespheres (iii) Sepharose
(2x 1 ml DPBS) to equilibrate the adsorbent, 3 ml of crude cell culture su- streptavidir® and (iv) STREAMLINE streptavidin was sterilised before use
pernatant was added containing either biotinylated or non-biotinylated virus with 1 ml of 0.25 M NaOH and equilibrated in DPBS at pH 7.4. Adsorbent
(1.77x 10 cfu/ml and 1.80«< 10° cfu/ml, respectively). The samples were  (50ul) was added to 3ml of crude cell culture supernatant containing bi-
mixed atroom temperature for 120 min using arotary mixer. Sampleg.(J00 otinylated retroviral particles and contacted at room temperature for 120 min
were taken at 0 min and 120 min and the cfu/ml of the supernatant measuredusing a rotary mixer. Samples of the supernatant (dlp@ere taken before

and the percentage of viral particles removed from the supernatant was de-and after adsorption and the percentage of viral particles removed from the
termined. All viral titre assays were conducted in triplicate and the error bar supernatant determined. All viral titre assays were conducted in triplicate
represents the standard error of the three assays. and the error bar represents the standard error of the three assays.

instructions. A standard curve was prepared using DNA con-

centrations up to jug/ml. TE buffer was used as the diluent rification of biological productfl8—20]were studied. Strep-

for both the DNA standards and the DNA determinations.  tavidin was covalently attached to each adsorb&able J).
Batch adsorption studie§ig. 2) indicated that Fractog®I
streptavidin and STREAMLINE streptavidin could effec-

3. Results and discussion tively capture biotinylated MoMuLV with 23.4%4(3.8%)
and 41.9% £18.3%) of virus adsorbed, respectively, from
3.1. Biotinylation of retroviral particles the crude cell culture supernatant. The retroviral capture

on the Streptavidin Magnesphefesias greater than that

Preliminary experiments with Streptavidin  achieved by STREAMLINE streptavidin, Fracto§ettrepta-
Magnespheré&s indicated that biotinylated MoMuLV  vidin or Sepharose streptavidifigble 9. This was attributed
adsorbed successfully with approximately 65%9(71%) to the diameter of the adsorbent solid phases where Strep-
of the infectious retroviral particles removed from the tavidin Magnespher&shave a greater specific surface area
supernatantKig. 1). There was no significant adsorption of available for adsorptionTéble 7). The MoMuLV particles
non-biotinylated MoMuLV and the retroviral supernatant have an estimated diameter of 100 nm and the pore sizes of
was observed to have no significant loss in titre over a the selected adsorbents are such that there would be little
120 min time period at room temperature. It was concluded penetration of virus into the internal volume of the adsorbent
that the decrease in viral titre over time when contacted beadq21]. Therefore, the external surface area available for
with Streptavidin Magnesphef®swas attributable to the  adsorption is an important consideration when selecting ad-
affinity interaction with biotin on the surface of the retroviral sorbents suitable for the recovery of retroviral particles. How-
particles. Biotinylation of the retroviral particles did not ever, Streptavidin Magnesphefemay well not be a viable
affect the viral titre as compared with non-biotintylated adsorbentat process scale for reasons of cost and further work
MoMuLV, where the initial titres were 1.7% 10° cfu/ml was done with conventional process materigig. 2also in-
and 1.80x 10° cfu/ml, respectively. dicates that within the sensitivity of the viral assay there was

Three conventional adsorbent solid phases Fractpgel no observable capture of biotinylated MoMuLV particles by
Sepharose and STREAMLINE, commonly used for the pu- Sepharose streptavidin. This may again be attributable to the

Table 2

The viral loading for each adsorbent included in the study calculated from the decrease in viral titre over a 120 min contact period

Adsorbent Adsorbent loading (cfu/ml of adsorbent) Percentage of virus removed from the supernatant (%)
Fractoge? streptavidin 3.9¢10° 234

Sepharose streptavidin 0.0 0

Streptavidin Magnespher®s 8.9x 10° 65.3

STREAMLINE streptavidin 2.%10° 419

Virus containing cell culture supernatant (3 ml with 280* cfu/ml) was added to equilibrated adsorbent @0and mixed at room temperature for 120 min
using a rotary mixer. Samples (100 were taken before and after the contact time and assayed to determine cfu/ml of supernatant.
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adsorbent desigréble ] as this adsorbent has small pores
(approximately 100 nm in diameter) coupled with a low sur-
face area and ligand density for virus adsorption.

3.2. Retroviral stability studies

Successful desorption of infectious viral particles was
investigated. Three different desorption protocols were se-
lected; (i) desorption with biotifl5], (i) 6 M guanidine—
HCI, pH 1.5[10] and (iii) 6 M urea[16]. The retroviral vec-
tors needed to be recovered in an infectious state and studie
were therefore conducted to investigate the effect of the des-
orption reagents on the infectivity of the desorbed MoMuLV
particles.

Batch desorption was studied over a 120 min time period
and it was observed that the viral titre in non-biotinylated

cell culture supernatants decreased by approximately 3.2%

(£2.9%) over 120 minTable 3. Guanidine—HCland urea are
commonly used desorption reagents for biotinylated prod-
ucts bound to streptavidifL0,16], however the results in-
dicate that these reagents inactivate the retroviral particles
and render them non-infectiouBaple 3. d-Biotin is another
common desorption reagent and concentrations between 0.
and 10 mM d-biotin were studiedgble 3. The virus was
more stable in the presence of 0.6 mM d-biotin than any of
the other concentrations, having a decrease in virus titre of
approximately 12.2%%3.1%). Therefore 0.6 mM d-biotin
dissolved in DPBS, pH 7.4 was selected as the desorption
buffer for the study.

3.3. Desorption of biotinylated MoMuLV

The effectiveness of 0.6 mM d-biotin to desorb biotiny-
lated MoMuLV was studied with Fractod®streptavidin and
STREAMLINE streptavidin Fig. 3). Sepharose streptavidin
was not studied further due to the poor adsorption perfor-
mance of the bead§ig. 2).

Table 3
Stability of biotinylated MoMuLV contacted with various desorption
reagents

Desorption condition Initial viral titre (cfu/ml % Decrease in

of supernatant) viral titre
Retroviral supernatant 2:610% (£6.7x 10%) 3.2 (*2.9)
10 mM d-biotin 4.3x 10* (£2.1x 10°%) 65.6 5.8)
7.5mM d-biotin 5.7x 10* (+4.9x 10°) 52.3 (£6.4)
5.0 mM d-biotin 6.2x 10* (+6.9x 10°) 45.6 44.7)
2.5mM d-biotin 4.8x 10* (£7.5x 10%) 35.9 @5.3)
1.0 mM d-biotin 4.25¢ 10* (£8.0x 10%) 20.8 @2.5)
0.6 mM d-biotin 7.25¢ 10* (£1.5x 10®) 12.2 @3.1)
6 M guanidine-HCl, 5.12x 10* (£3.8x 10%) 100 (45.6)
pH 1.5
6M urea 4.98¢ 10* (+4.2x 103) 100 (7.4)

Virus containing supernatant (3 ml) was prepared in each desorption reagent

and mixed at room temperature for 120 min using a rotary mixer. Samples
(100p.l) were taken before and after the contact time and the viral titre of
supernatant determined.
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Fig. 3. Desorption of biotinylated MoMuLV in 0.6 mM d-biotin from
Fractoge? streptavidin and Sepharose streptavidin. After adsorption the
supernatant was removed and the adsorbentp@ashed in DPBS at pH

7.4 (2x 1 ml). The biotinylated virus was desorbed using 1 ml of 0.6 mM
d-biotin (suspended in DPBS, pH 7.4). The adsorbent was mixed for 120 min
at room temperature using a rotary mixer. Samples (dp@ere taken and
assayed to determine the concentration of desorbed virus expressed as a
fraction of the adsorbed MoMulLV. All viral titre assays were conducted in
triplicate and the error bar represents the standard error of the three assays.

Initial experiments on MoMuLV desorption were con-
ucted with virus prepared using biotinylation reagent con-
aining 500uM BiotinSE, when less than 5% of the adsorbed

virus was desorbed from both Fractd§etreptavidin and
STREAMLINE streptavidin. Mass balances on the super-
natant biotin concentration before and after incubation with
the cells suggests that multiple biotin molecules were present
on the surface of the retroviral particles. Multi-point attach-
ment of each retroviral particle to the streptavidin ligands was
therefore possible, resulting in strong binding of the biotiny-
lated virus and the adsorbent resulting in the observed poor
recoveries.

Fig. 4a and b shows the specific titre (cfu/mg of protein)
and specific DNA contentug DNA/cfu), respectively, for
the recovered MoMuLV following batch purification by ad-
sorption to Fractogé! streptavidin or STREAMLINE strep-
tavidin. Notwithstanding the low recovery of infectious virus,
the purity of the eluted product, in terms of total protein and
DNA contents per virus, is significantly improved upon that
of the crude cell culture supernatant. For FractBggtepta-
vidinthere was an 11-fold increase in the specific titre (cfu/mg
of protein) in addition to a six-fold decrease in the specific
DNA content ug of DNA/cfu). STREAMLINE streptavidin
demonstrated a 21-fold increase in the specific titre alongside
a 1.2-fold decrease in specific DNA content. The poor spe-
cific DNA content for STREAMLINE streptavidin purified
virus was attributed to the large pore structure of this adsor-
bent (Table 1), since its 200 nm pores would permit DNA
oligonucleotides to enter the adsorbent and become trapped.
Fractoge? streptavidin has much smaller pores (80 nm in
diameter) with the ligands on tentacles surrounding the ad-
sorbent beads reducing the potential for particle entrapment.
It was therefore concluded that Fractdystreptavidin was
the superior adsorbent for the recovery of biotinylated retro-
viral particles from crude cell culture supernatants.
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lowering the concentration of BiotinSE that was contacted
T with the PG13 packaging cells during the biotinylation step.
For reference purposes higher BiotinSE concentrations were
LORH0+ also included in the studly.
The retroviral particles became biotinylated by the incor-
LOE+02 4 poration of the biotinylated cell membrane of the packaging
cells as the virions bud out of the cells. By reducing the con-
LOEH centration of BiotinSE contacted with the cell surface the
STREAMLINE streptavidin number of biotin molecules attached to each retroviral parti-
cle should be reduced.
Streptavidin Magnesphef®svere used to investigate the
influence of reducing the biotin concentration on the capture

Fractogel streptavidin

Specific titre (cfu/mg of protein)

—
)
—~

g OB of the MoMuLYV as this was the benchmark adsorbEig. 5a

T 5 S.00E03 shows the capture of biotinylated MoMuLV expressed as a
3 > —— percentage of the retroviral particles adsorbed from the super-
zZ natant after a contact time of 120 min. To determine capture
8 5 4.00E-03 1 efficiency the virus bound to the Streptavidin Magnesplferes
%: 2 200803 was titred directly. The results indicated that the most effi-
@ — cient capture of biotinylated MoMuLV was achieved when

. Fractogel streptavidin STREAMLINE streptavidin the PG13 paCkaging Ce”S.Were ContaCteq with ENDBI_
o otinSE reagentTable 4 having a 2298-fold increase in viral
(b) O Initial Fraction M Desorbed Fraction titre for a 30-fold decrease in volume (sEig. 5b). The re-

duction in capture efficiency at 1 and 2 mM was attributed to
Fig. 4. Purity data of the recovered MoMuLV particles from batch adsorp- an increase in interaction sites for each viral particle as each
tion and desorption with Fractodestreptavidin and STREAMLINE strep- retroviral particle could potentially interact with more bind-

tavidin. The adsorbent (50) was contacted with 3 ml of virus containing . . T A
crude cell culture supernatant and mixed for 120 min at room temperature. ing sites on the streptavidin ligands resulting in fewer overall

The adsorbent was then washedx( ml) with DPBS and the virus was avai_lable binding Sites_- For Streptf'iVi_din Magnespﬁ%{ﬂ?
desorbed by adding 1.0 ml of 0.6 mM d-biotin to the adsorbent and mixing, ducing the concentration of the BiotinSE contacted with the

using a rotary mixer, for 120 min at room temperature. Samples were taken packaging cells also reduced the capture efficiency and this
tp determine the vira_ll titre (cfu/ml), protein content (to d_etermine_ _specific was interpreted as being caused by a reduction in the number
titre; cfu/mg of protein) and the DNA content (to determine specific DNA ¢ 40 5 otions between the biotin and streptavidin ligands.
content;ug of DNA/cfu). All viral titre assays were conducted in triplicate - . o .
and the error bar represents the standard error of the three assays. The influence of degree of viral biotinylation on the per-
formance of Fractog®lstreptavidin was also examined and
the results are shown iRig. 6a and b. In contrast with the
trend seen with Streptavidin Magnesph&éise initial ob-
servation was that reducing the concentration of BiotinSE
Based upon these observations the number of potentialcontacted with the packaging cells did not similarly reduce
interactions between the streptavidin and the biotin on the the Fractogél adsorption capacity. Desorption of MoMuLV
surface of the retroviral particles was reduced to minimise from Fractogé? streptavidin was attempted using 0.6 mM
the possibility of multi-point binding. This was achieved by d-biotin (Fig. 80). Here, as the concentration of contacted

3.4. Optimisation of the biotinylated MoMuLV to
enhance virus recovery

Table 4
The increase in viral titre due to the concentrating effect of Streptavidin Magnespheres

Concentration of contacted Initial MOMuLV concentration Concentration of plated Increase in virus concentration
BiotinSE M) (cfu/ml of supernatant) Magnespher&s(cfu/ml supernatant) (for a 30-fold decrease in volume)
0 0.82x 10° (£1.0x 10%) 1.14x 10* (£7.8x 10%) 139
50 1.03x 10° (£1.25x 107) 1.27x 10* (£6.7x 107) 123
100 2.18x 10° (+1.42x 10%) 2.13x 10* (£2.4x 10%) 9.8
250 7.0x 107 (£1.22x 107) 9.83x 10% (£5.6 x 107) 140
500 3.86x 10* (£1.13x 10%) 8.87x 107 (£1.0x 10%) 2298
1000 8.43¢ 10* (+1.34x 104 7.0x 107 (£1.67x 10%) 830
2000 6.0x 10* (£1.0x 10%) 8.93x 10P (£9.5x 10%) 149

Virus containing supernatant (3 ml) from cultures of PG13 cells biotinylated with reagent containing a range of BiotinSE concentrations vwebwithtact
50l of Streptavidin Magnesphef®sThe adsorbent was mixed at room temperature for 120 min using a rotary mixer and the initial cfu/ml and non-bound
cfu/ml of supernatant determined. After adsorption the Streptavidin MagnesBiveees washed in DPBS (R 1 ml) then 5Qul of adsorbent was resuspended

in 1400pl of DMEM (supplemented with 10% FCS, penicillin/streptomycin arglutamine). The number of viral particles on the Streptavidin Magnesgheres
was determined using a titration assay. The increase in viral titre is expressed as the increase in viral titre with respect to the decrease thesslstesrof

(i.e. from 3ml down to 10@.l, a 30-fold decrease).
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Fig. 5. The influence of the concentration of BiotinSE contacted with the

PG13 producer cells upon the Subsequent Capture and concentration 01F|g 6. The influence of the concentration of BiotinSE contacted with the

biotinylated MoMuLV on Streptavidin MagnesphePesvirus containing PG13 producer cells upon the subsequent capture and release of biotinylated

supernatant (3ml) from cultures of PG13 cells biotinylated with reagent MOMULV on Fractoge? streptavidin. Virus containing supernatant (3ml)

containing a range of BiotinSE concentrations was contacted wif 50  from cultures of PG13 cells biotinylated with reagent containing a range of

of Streptavidin Magnesphe@gor 120 min at room [emperature using a BiotinSE concentrations was contacted W|thﬂ@)f adsorbent. The adsor-

rotary mixer. Samp|es (1Qﬂ) were taken before and after the contact pe- bent was sterilised with 0.25 M NaOH then equilibrated with DPBS, pH 7.4.

riod and assayed to determine cfu/ml of supernatant and the percentage adYirus containing cell culture supernatant was added (3 ml) and the adsorbent

sorbed from the supernatant was calculated (a). In addition, the StreptavidinMixed for 120 min at room temperature using a rotary mixer. The adsorbent

Magnespheréswere washed with DPBS, pH 7.4 1 ml) and the 5@l of was then washed (4 1 ml) with DPBS and the virus was desorbed by adding

adsorbent reguspended in mmf RPMI. The Strepta\/idin Magnesph@re 1.0 ml of 0.6 mM d-biotin to the adsorbent and mixing, using arotary mixer,

bound virus was then plated in the same manner as the virus samples andor 120 min at room temperature. Samples (if)0were taken before and

the cfu/ml determined (s€8]) (b). All viral titre assays were conducted in  after the adsorption and elution phases and the cfu/ml of supernatant esti-

triplicate and the error bar represents the standard error of the three assaysmated using a titration assay, from which data the percentage decrease (a)
and recovery (b) were calculated. All viral titre assays were conducted in
triplicate and the error bar represents the standard error of the three assays.

BiotinSE was decreased the recovery of infectious retro vi-

ral particles increased from 0.74%:@.04%) at 2 O0GM DNA/cfu) in the specific DNA contentHig. 7a and b). This

to 16.7% 1.8%) at 5QuM (seeTable 3. Furthermore, as  sample was also analysed using SDS-PAGI.(8) that il-

the BiotinSE concentration was decreased the specific DNA lustrates that the recovered MoMuLV contains less protein

content of the recovered viral particles also decreased. Thecontaminants than the virus containing cell culture super-

retrovirus recovered using pM BiotinSE for biotinylation natant. This indicates a significant protein clearance and it is
showed a 1896 times increase (6.20° cfu/mg of protein) noteworthy that protein will be present in the viral prepara-
in specific titre and a 1191 times decrease (k1% ° ug of tion as 62% of a retrovirus is comprised of proth. It is
Table 5
The adsorbent loading and the percentage biotinylated virus desorbed from FfAstogetavidin
Concentration of contacted Adsorbent loading (cfu/ml Concentration of eluted Fraction of eluted
BiotinSE (M) of adsorbent) MoMuLV (cfu/ml of adsorbent) MoMuLV (%)
2000 0.23x 10P (+1.43x 10%) 1.7x 10% (£1.1x 10%) 0.74 (40.04)
1000 0.56x 10P (+1.42x 10%) 1.1x 10* (+£1.5x 10°) 0.89 (+0.05)

500 0.89x 10° (+2.15% 10%) 5.1x 10* (£4.9x 10°) 1.9 (+£0.23)

250 1.8x 10P (£1.74x 10 0.8x 10° (£1.17x 10°) 5.7 (+0.98)

100 0.72x 10° (+1.17x 10% 1.2x 10° (£3.2x 10°) 8.4 (+1.26)

50 2.5% 10° (+1.73x 10%) 2.1x 10° (+1.29x 10°) 16.7 (£1.8)

Before use the adsorbent was equilibrated with DPBS, pH 7.4. The adsorbeul} (& added to 3 ml of virus containing supernatant and mixed at room
temperature for 120 min. The adsorbent capacity was determined as the total cfu/ml of adsorbent. After adsorption the adsorbent was washed InBlPBS (2

then added to 1 ml of 0.6 mM d-biotin and mixed at room temperature for 120 min. The percentage recovery was determined as the percentage of the adsorbed
cfu/ml of adsorbent.
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Fig. 7. The influence of the concentration of BiotinSE contacted with the .
PG13 producer cells upon the subsequent purity of virus following batch 4. Conclusions
adsorption and desorption of MoMuLV on Fractdgedtreptavidin. Virus

containing supernatant (3 ml) from cultures of PG13 cells biotinylated with The data demonstrates that MoMuLV can be success-
reagent containing a range of BiotinSE concentrations was contacted with fuIIy biotinylated by chemical treatment and the resulting

50l of adsorbentand mixed for 120 min atroom temperature. The adsorbent virus captured exploiting streptavidin activated chromatoa-
was then washed (4 1 ml) with DPBS and the virus was desorbed by adding p P g p 9

1.0ml of 0.6 MM d-biotin to the adsorbent and mixing, using a rotary mixer, 'aphy adsorbents, providing a potential generic recovery pro-

for 120 min atroom temperature. Samples were taken prior to adsorption andcess for retroviral particles. Fracto§eadtreptavidin displayed

following elution to determine the viral titre (cfu/ml), protein content (cfu/mg @ superior performance compared to other adsorbent solid

of protein, a) and the fold decreasqig DNA/cfu of the recovered fractions phases includedin the Study (Sepharose, STREAMLINE and

relative to the initial fraction (b).All viral titre assays were conducted in e -

triplicate and the error bar represents the standard error of the three assaysMagneSpher%' Modifying t_he number (_)f biotin molecules
on the surface of the retroviral particle improved the recov-

ery of infectious viral particles and significantly increased

assumed that the protein present in lane 6 is serum albuminthe contaminating protein and DNA clearance. The overall

from the foetal calf serum. Individual viral proteins are not Purity of the recovered retroviral particles was increased by

visible on this gel. The data compares favourably with the more than 1000-fold.

work of Kuiper et al[22] who demonstrated specific titres of

18.1x 10* cfu/mg of protein with a specific DNA content of

2.2 x 1074 pglcfu following purification of MoMuLV from  Acknowledgement

crude cell culture supernatants using hydroxyapatite chro-

matography. The authors are grateful to the Biotechnology and Biolog-
Fina”y, we note that Hughes et @] show that the ef- ical Sciences Research Council (BBSRC) for fUnding this

ficiency of biotin dependent capture is similar for the am- research.

photropic envelope as well as for the feline endogenous virus

envelope RD114. In recent work, we have developed novel

metabolically biotinylated 293T derived cells and have shown References

the lentiviral vectors derived from these cells to be superior to

chemical biotinylation, providing greater capture efficiency. [t J.B. Lorens, C. Sousa, M.K. Bennett, S.M. Molineaux, D.G. Payan,

'I_'h_ese bio-lentiviral_vectors ha_vr—._\ been demons_trated_ to ef- 2] gluer'C(T);é;'aﬁioﬁczmhtl)(zaa(iyz%%t)egrljéll Adv. 20 (2002) 1.

ficiently complex with streptavidin paramagnetic particles, [3] sT. Andreadis, C.M. Roth, JM. Le Doux, J.R. Morgan, M.L.

resulting in the most efficient purification and concentration Yarmush, Biotechnol. Prog. 15 (1999) 1.



S.L. Williams et al. / J. Chromatogr. B 820 (2005) 111-119

[4] G. Braas, P.F. Searle, N.K.H. Slater, A. Lyddiatt, Bioseparation 6
(1996) 211.

[5] A. Lyddiatt, D.A. O’Sullivan, Curr. Opin. Biotechnol. 9 (1998) 177.

[6] C. Summerford, R.J. Samulski, Nat. Med. 5 (1999) 587.

[7] R.S. O’Keefe, M.D. Johnston, N.K.H. Slater, Biotechnol. Bioeng. 62
(1999) 537.

[8] C. Hughes, J. Galea-Lauri, F. Farzaneh, D. Darling, Mol. Ther. 3
(2001) 623.

[9] D. Darling, C. Hughes, J. Galea-Lauri, J. Gaken, I.D. Trayner, M.
Kuiper, F. Farzaneh, Gene Therapy 7 (2000) 914-923.

[10] N.M. Green, Adv. Protein. Chem. 29 (1975) 85.

[11] N.M. Green, Methods Enzymol. 184 (1990) 51.

[12] S. Freitag, I. Le Trong, L.A. Klumb, V. Chu, A. Chilkoti, P.S. Stay-
ton, R.E. Stenkamp, Biomol. Eng. 16 (1999) 13.

[13] E. Livaniou, D. Costopoulou, |. Vassiliadou, L. Leondiadis, J.O.
Nyalala, D.S. Ithakissios, G.P. Evangelatos, J. Chromatogr. A 881
(2000) 331.

119

[14] G.E. McCreath, H.A. Chase, Biotechnol. Prog. 12 (1996) 77.

[15] E. Morag, E.A. Bayer, M. Wilchek, Anal. Biochem. 243 (1996)
257.

[16] M. Wilchek, E.A. Bayer, Anal. Biochem. 171 (1988) 1.

[17] M.M. Bradford, Anal. Biochem. 72 (1976) 248.

[18] B.G. Huyghe, X. Liu, S. Sutjipto, B.J. Sugarman, M.T. Horn, M.
Shepard, C.J. Scandella, P. Shabram, Human Gene Ther. 6 (1995)
1403.

[19] E. Thwaites, S.C. Burton, A. Lyddiatt, J. Chromatogr. A 943 (2001)
7.

[20] F. Blanche, B. Cameron, A. Barbot, L. Ferrero, T. Guillemin, S.
Guyot, S. Somarriba, D. Bisch, Gene Ther. 7 (2000) 1055.

[21] Z. Zhang, S.C. Burton, S.L. Williams, E. Thwaites, A. Lyddiatt,
Bioseparation 10 (2001) 113.

[22] M. Kuiper, R.M. Sanches, J.A. Walford, N.K.H. Slater, Biotechnol.
Bioeng. 80 (2002) 445.



	Affinity recovery of Moloney Murine Leukaemia Virus
	Introduction
	Materials and methods
	Chemicals and reagents
	Preparation of affinity adsorbents
	Fractogel
	Sepharose and STREAMLINE
	Batch adsorption
	Cell lines
	Biotinylation of retroviral particles
	Determination of viral titre
	Retroviral stability studies
	Total protein determination
	SDS-PAGE analysis
	Total DNA determination


	Results and discussion
	Biotinylation of retroviral particles
	Retroviral stability studies
	Desorption of biotinylated MoMuLV
	Optimisation of the biotinylated MoMuLV to enhance virus recovery

	Conclusions
	Acknowledgement
	References


