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Production of recombinant herpes simplex virus protease in
10-L stirred vessels using a baculovirus—insect cell expression
system

JL Schwartz!, EB Ferrari?, J Terracciano?, J Troyanovich?, | Gunnarsson', J Wright-Minogue?, JW Chen? and
AD Kwong?
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Galloping Hill Rd, Kenilworth, NJ 07033-0539, USA

A gene expression system using recombinant Autographa californica  nuclear polyhedrosis virus (baculovirus) and
Sf-9 cells has been scaled up to the 10-L tank level and shown to be capable of producing herpes simplex virus

(HSV) protease in serum-free media. High densities of Spodoptera frugiperda (Sf-9) cells were achieved by modifying
two 10-L Biolafitte fermenters specifically for insect cell growth. The existing Rushton impellers were replaced by

marine impellers to reduce shear and the aeration system was modified to allow external addition of air/O > mixtures
at low flow rates through either the sparge line or into the head space of the fermenter. To inoculate the tanks, Sf-

9 cells were adapted to grow to high cell densities (6—10 x 108 cells ml 71) in shake flasks in serum-free media. With
these procedures, cell densities of 5  x 10° cells ml = were routinely achieved in the 10-L tanks. These cells were
readily infected with recombinant baculovirus expressing the 247-amino acid catalytic domain of the HSV-1 strain

17 protease UL26 gene as a glutathione- S-transferase (GST) fusion protein (GST-247). Three days after infection at

a multiplicity of infection (MOI) of 3 pfu cell ™, the GST-247 fusion protein was purified from a cytoplasmic lysate by
Glutathione Sepharose 4-B affinity chromatography with reproducible yields of 11-38 mg L -1 of recombinant protein
and = 90% purity. Maximum production of this protein was observed at a cell density of 5.0 x 106 cells ml ™.
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Introduction helical ribbon or perfusion vessels [2,3,13]. Until recently,

The baculovirus—insect cell expression vector systemmeOIIa had to be supplemented with serum to achieve high
ell density, making protein purification more difficult.

\(EEXS) 2]? Sht;?eerglsog%\ﬁg tgrg?eicr?spigl]e (%fhegoiug'tg%qa\\,’vvg%lew serum-free medium formulations have allowed cost
' Y reductions and easier purification of recombinant proteins.

developed in the early 1980s in the laboratories of Max - ; . ;
Summers [9,10] and Lois Miller [8] and takes advantage of The objectives of the research described in this paper

the highly expressed and regulatadtographa californica was to scale up the BEVS into the 10-L tanks we had avail-

nuclear polyhedrosis virus (AGNPY) polyhedron promotert " 0 BE FC R T Beee e e s O
modified for the insertion of foreign genes. This allows

expression of prokaryotic or eukaryotic genes to producé)ur bioreactors and to optimize recombinant protein pro-

. oo . duction at as high a cell density of insect cells as possible.
recombinant proteins i8podoptera frugiperdgSt-9) cells The viral clone used in this BEVS is a herpes simplex virus

infected with specifically engineered virus. The abundan% X
. : . S pe 1 (HSV-1) strain 17 UL26 gene product that has gluta-
expression of recombinant proteins, which in many case ione Stransferase (GST) fused to its amino terminus.

are antigenically, immunogenically, and functionally simi- ST can be purified from baculovirus/Sf-9 cells and bac-

'af to the mammahan_ protein, is the major advantage o erial lysates by one-step affinity chromatography using the
this system. Another important advantage is that baculo; lutathione Sepharose 4B matrix. The HSV-1 strain 17

viruses are not pathogenic to vertebrates or plants and . .

. L26 gene encodes a 635-amino acid protease that cleaves
not employ transformed cells or transforming elements ARself a%d the HSV-1 assembly protein IpCP35 (infected cell
do other expression systems. Rrotein 35) [5]. Two proteolytic processing sites within the

Scale-up of the BEVS into sparged bioreactors has bee ; o
o . ; g - . “protease have been identified between Alatfihend Ser-
difficult because of the insect cell’'s sensitivity to agitation : &7 and between Alani®é® and Serinét [1]. Cleavage

and sparging and by their relatively high oxygen demand - X h
[7] Li?ereg[urge repor’é at the time v)\;e t?eganygur develop-at the 247-248 site releases the catalytic domain of the pro-
mént centered around spinner flask fermentations 0Fease which resides within the first 247 amino acids of the

; . . o protease [12]. Itis this 247-amino acid sequence which has
expensive fermentors of atypical design such as air I|ft,been fused to GST and expressed in the BEVS.

Materials and methods
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lovirus transfer vector were obtained from Pharmingen by subculturing in reduced serum and serum-free media.
(San Diego, CA, USA). A GST expression vector (0GEX- Cell densities of X 10’ cells mI* with viabilities above

INT) was obtained from Pharmacia (Piscataway, NJ, USA). 98% were routinely achieved in shake flasks. Achieving
Monoclonal antibody raised against GST was obtainectell densities previously described, we were able to reduce
from Santa Cruz Biotechnology (Santa Cruz, CA, USA) the volume of inocula and achieve higher initial cell den-
and a 20-amino acid peptide rabbit polyclonal antibody wasities in our 10-L tanks. In all fermentors described in this
raised against the amino terminus of the 247-amino acid  report, gentamicin was added to Sf-900 Il media to a con-
catalytic domain. centration of 1Qug mi™.

Tank modifications Cell storage and revival

To minimize cell disruption, two Biolafitte 10-L tanks were High density cell stocks for storage were prepared by cen-
modified to accommodate insect cell fermentation. The  trifuging Sf-9 cells at cell densities ak@€ Ells mr?

existing three Rushton (paddle-type) impellers (90 mmat 1000x g for 30 min. The cells were resuspended at 0.1
diameter) were removed and replaced by a single marine  volume in Sf-900 Il medium containing 10% serum and
impeller (100 mm diameter) placed near the shaft base. The0% DMSO. The cell concentrate was stored as 3-ml ali-
single marine impeller created less shear than the multiple  quot¥&C. For initial adaptation of the cells from
Rushton impellers. The aeration system was modified tdrozen stocks, one thawed vial of cells was added to 50 ml
provide for metered, external oxygen enrichment, both  of Sf-900 Il medium containing 5% serum and shaken at
through the head-space of the fermenter as well as througtB8°C as previously described for 24-48 h. Cell viability

the sparge line. The oxygen supplementation increased the ~ was monitored daily and the cells diluted to 100 ml in Sf-
oxygen transfer rate thereby reducing the volumetric flow900 Il medium containing 5% serum when viability reached

rate requirement. This system minimized the cell damage  80%. Subsequent cell dilution did not require additional
caused by bubbling high volumes of air through the vesserum. Cells were diluted in fresh serum-free media (to a

sel [4,11]. density of 5-181C° cells miY) when cell densities
reached 6-& 1P cells mi* with a viability above 98%.
Growth optimization of Sf-9 cells Doubling times of approximately 24 h were achieved.

Initially, Sf-9 cells for inoculation into fermentation tanks
were grown in spinner flasks (Bellco 500-ml jar with BEVS recombinant protein expression in 10-L tanks
500 ml of culture) and stirred at 100-120 rpm (two 1-inchFor 10-L fermentations, 5L of SF-900 Il medium in the
Teflon paddles with a 3-inch diamter) at°ZZ The cells  10-L Biolafitte tank were inoculated with 1 L of inoculum
were grown in Grace's medium (Gibco) supplemented withat a cell density of 6-18 1¢ cells mIt (maximum cell
lactalbumin hydrolysate (Difco), yeastolate (Difco), and viability). The tank was agitated at 135-140 rpm at a tem-
10% fetal calf serum (Hyclone). No external air supplemen-perature of 28C. A 1:1 mixture of air/Q was introduced
tation was supplied to the spinner flasks. Cells were grown to the head space at a metered rate between 50—
for 4-6 days until the cell density was sufficient (1.5—100 ml mirrt (Cole-Palmer Flowmeter). Cell count,
3.7 x 1P cells mI?) and viabilities were above 95% to pool  viability, pH, and DO were monitored daily. As cell density
several spinner flasks and inoculate the 10-L Biolafitte tankncreased above 2 1(° cells mi?, the air/Q addition was
to a cell density between 3 andx5L(° cells mi*. Typi-  altered to flow through the sparge line in order to maintain
cally, 1.5-2 L of inocula were added to 8-8.5 L of Sf-900 DO above 50%. When the cell density reached 818°
medium, a proprietary medium developed by Gibco for the celt$,mhe tank was diluted to 10 L with Sf-900 Il
serum-free growth of insect cells. The growth of Sf-9 cellsmedium (to a cell concentration of 2-3L0° cells ml?).
in spinner flasks was severely impaired due to dissolved Incubation was continued for an additional 24 h, allowing
oxygen (DO) limitations at cell densities above 10 for a doubling of cell numbers to 4-61CF° cells mf. The
cells mrt. Cell viability, measured by Trypan Blue stain-  tank was then infected with the recombinant virus. Success-
ing, decreased with a dramatic fall in pH and concomitantful recombinant protein expression was achieved at Sf-9
rise in lactate accumulation at cell densities abovel®  cell densities between 2.0 and %80 cells mf. Cells
cells mit. When used for tank inocula, cells provided from were infected with recombinant virus at an MOI of 1-5
spinner flasks were quite variable in their growth character-  for 72 h and were monitored daily for viability. When cell
istics. Lag-times prior to cell growth varied from 24—72 h viability decreased to 70-80%-72 h), infected cells were
and in some cases failed to grow after 5 days. harvested by centrifugation ax §0féd 25 min in a

In the Spring of 1992, we began our efforts to optimizeBeckman J-6 large head centrifuge.
Sf-9 inoculum growth by culturing cells in shake flasks.
Although there were no literature reports of successfulCloning of HSV protease
shake flask culturing of insect cells at this time, we wereThe 247-amino acid sequence of the catalytic domain of
encouraged by our ability to grow Sf-9 cells in the Biol-  the HSV-1 UL26 gene (strain 17, obtained from Valerie
afitte 10-L stirred vessel. Using 250-ml and 1-L ErlenmeyerPreston at the MRC Virology Unit, Glasgow, UK) was
flasks containing various volumes of Sf-900 Il medium (a  cloned into BheRl site of a GST expression vector,
new formulation from Gibco), Sf-9 cells were adapted topGEX-I\T, and was designated pJWC50. The GST-247
shake flask conditions. Initially, cells were grown in media  fusion protein gene was subcloned as aSk®-kag-
containing 5% fetal bovine serum (JRH Biosciences). Thenent from pJWC50 into th&ma site of a baculovirus
Sf-9 cells were gradually weaned off the serum requirement  transfer vector, pVL1393, such that expression of the fusion
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gene would be under the control of the baculovirus poly-  from Batch | are shown in Table 1. Six more productior%9
hedron promoter. This construct was designated pJWC57®ermentations were carried out using the 72-h harvest time
The GST-247 construct also contains a thrombin cleavage and the results of the cell densities, the % viability, and the
site which releases the GST from the 247-amino acidorotein yields from these batches are listed in Table 1. Pro-

sequence. tein yields varied from 11-38 mg of purified protein per
liter of cells. Highest GST-247 recombinant protein yields
Expression and purification of HSV protease were observed at cell densities between 5-618°

The pJWC57 construct was co-transfected with linearized cetts mi

BaculoGold virus DNA into Sf-9 cells. The recombinant To assess the reproducibility of the BEVS as well as
baculovirus mix was obtained 4 days post-transfection. The  the purification scheme, the GST-247 recombinant protein
recombinant baculovirus/GST-247 virus was identified byexpression of two separate fermentations (Batthand

plague assay and expression of the recombinant gene pro-  Bafitbm Table 1) were analyzed by SDS-PAGE fol-

ducts was identified by immunoblotting analysis. High titerlowed by Coomassie stain. As shown in Figure 1a, Coom-
stocks of the baculovirus/GST-247 were purified and  assie stain analysis of the elution patterns and protein pro-
amplified by Invitrogen and used to infect, at an MOI of files of Batch#1 (lanes 4-12) and Batc#? (lanes 18-25)

3 pfu cell?, 10-L fermentors containing Sf-9 cells prepared were nearly identical. The purity of the fusion protein was
as described above. After an initial experiment to determinealso similar for both fermentations as evidenced by the high

the optimum infection time, cells were harvested routinely molecular weight band (54 kD) corresponding to the GST-
after 72 h post-infection. Infected Sf-9 cell pellets were247 fusion protein. The identity of the purified recombinant

then resuspended in buffer B (50 mM Tris pH 8.0, 10% GST-247 fusion protein was confirmed in fermentation 2,
glycerol, 1 mM EDTA, 1 mM DTT, 20 ng mt antipain, lanes 2 and 4-11, by Western blot analysis as indicated in

10 ng mf? leupeptin, and 100.M PMSF) containing 1% Figure 1b. No substantial loss of the GST-247 protein was
Triton X-100 and 150 mM NacCl. The lysate was incubateddetected in the flow through (lane 3) resulting in a high

on ice for 30 min and then Dounce homogenized 10 times purification recovery of the fusion protein.

using a hand-held Wheaton homogenizer. The lysate was

then clarified at 17 000 rpm for 30 min at@ using an SS-  Baculovirus/GST-247 protease activity

34 rotor in a Sorvall centrifuge. The clarified supernatantThe ability of recombinant GST-247 to cleave its substrate

was batch absorbed with Glutathione Sepharose 4B beads is shown in Figure 2. The same two fermentations that
(2 ml per liter lysate) for at least 30 min at@ and then appear in Figure 1 were compared in respect to protease
the beads were packed into a column. The column was  activity in the protease cleavaganasiay ttanscrip-

washed with buffer B plus 1 M NaCl and the GST-247 tion-translation system). In this system, the substrate alone
fusion protein was eluted from the beads with 10 mM gluta-

thione (Boehringer Mannheim) in buffer B and analysed byrapie 1 Results of seven Sf-9 cell fermentations infected with
SDS-PAGE, silver and Coomassie stains, and Western blataculovirus/HSV GST-247 showing cell count, viability, and protein yield
analysis. Also, the GST-247 purified protein from the

BEVS system was compared to a GST-247 proteas@&ime post-infection Cell count mtx 10° % Viable  Yield
expressed and purified fro. coli. (mg L™
Protease activity assay (85"’/“2%% 4 clone 4-57-10)

The protease activity was monitored by Envitro trans 0 35 9%
cleavage assay. In this assay, the GST-247 was incubated 5.0 97

with its substrate which was synthesized &P8-labeled in 48 5.5 85 27.3
anin vitro transcription and translation system (Promega).’2 5.5 74 37.3
Cleavage of the 40-kD labeled substrate by GST-247° =50 74

results in the release of two products: one 37-kD producBath ! .
and one 3-kD product. The 40-kD substrate and the 37—k|:§/222/94 clone 3-57-48) 3.4 82 15
cleavage product were visualized by autoradiography.

Batch I
(7122/94 clone 5-57-11)

Results 2 26 77 1
Batch IV

Baculovirus/GST-247 protein expression (8/29/94 clone 5-57-11)

An initial time course experiment (designated Batch 1) was'2 4.7 76 223

conducted to determine the optimum harvest time of theBatch vV

infected Sf-9 cells. Infected cells were harvested and Iyse(?"m94 clone 5-57-11)

at 48, 72, and 96 h post-infection. Cell lysates were purifie VI 42 82 123
and analyzed by SDS-PAGE, Coomassie, and Western b’l’lff;gj% clone 5-57-11)
analysis. Cell densities were monitored and ranged frony, 3.2 76 19.2

3.5x10° to 5.5x 10° cells mf* while the percentage of pgich wii

viable cells dropped from 96% to less than 50%. The larg{9/19/94 clone 5-57-11)

est amount of purified protein, 37.3 mg. was obtained 72 5.0 67 38.0
at 72 h post-infection at an MOI of 3 pfu c@éll The results
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ecular weight doublet product (lane 2). Both batches had _ _
similar activities in that the substrate was virtually 100% Figure 3 Results of a comparison between a recombinant GST-247

cleaved (lanes 5-10 and 19-24). Based on these results,';g[:

a GST-247 COOMASSIE STAIN GST-247 ACTIVITY ASSAY
1 2 1 2
EAk ® E§® /FRA!$
Z3E ! 5z ' Kz7c | zz L
29 g ‘g gl | 5‘-‘.2% g;l r.wl
b ECrlrrer2ogyygRg 2 deer22yILRS 883duer oz 88838lvernagazy
68 K ; waJl'~r—v~r— v L - oo o O
3 - - == ma —%SUBSTRATE
_! R e maane- hi | PPN P eeccaal®™ rrooucr
39 i' g 1 3 5 16 18 27
b s = Figure 2 Results of the GST-247 protease activity assay revealing
&~ 25 similar cleavage activity of the purified recombinant GST-247 fusion
29 protein from two different fermentation#{ and#2). Both recombinant
EEs e — e fusion proteins cleave the labeled substrate to a lower molecular weight
; product equally well (lanes 5-11 and 19-25).
20 ! H
1234 16 18 28
b GST-247 WESTERN BLOT Baculovirus/GST-247 and E. coli/GST-247
comparison
The purified baculovirus GST-247 fusion protein was com-
2 pared to a purified GST-247 produced Escherichia coli
by SDS-PAGE followed by silver and Coomassie staining.
Although the total protein yield was similar in thHe coli
E and baculovirus systems, the GST-247 produced by baculo-
X ¢ FF{ACTI":)N # virus was more pure than the protein purified fr&ncoli
E(f o F using this particular purification scheme. As shown in Fig-
=0 =2 ure 3 (lanes 4, 5, 9, and 10), the baculovirus-expressed
= g OloonNnoomo < © oo GST-247 electrophoresed as a predominant single band
SdlrrrrrA0NANAN® whereas thee. coli-expressed GST-247 displayed multiple
68 kD w= lower molecular weight species which were not proteo-
. Iytically active (data not shown).
- ~e0ee8e- el et )
39 e BACULOVIRUS/GST-247 vs. E. coli/GST-247
é 3 ' . SILVER STAIN COOMASSIE STAIN
CE. . = =~
R S g’ g g) g
29  w= = o = o
1234 14 Y u o % w o
c
Figure1 (a) An SDS-PAGE Coomassie stained protein gel of two g | || I g | || |
different fermentations designated 1 and 2. Lanes 4-12 of fermentation zwowno 2 oocoo
and lanes 18-25 of fermentation 2 show the protein profile for the purifiec Sor-o- S~wu-w
recombinant GST-247 fusion protein (54 kD). (b) A Western blot analysis 95kD I 95kD
of fermentation 2 confirming the identity of the GST-247 fusion protein gg +1 '_'}l‘ 68
(lanes 2, 4-11) as well as the lack of detectable GST-247 protein in th 1 -
flow through (lane 3). 39 ’.”1 39 -
-
20 B = o 29
20 3 J 20
(lane 1) ran as a doublet and in the presence of a positiv | 14 -
control for protease activity, was cleaved to a lower mol- 12345 6 78910

ion protein purified from baculovirus (lanes 4, 5, 9 and 10) and a
ombinant GST-247 fusion purified froE coli (lanes 2, 3, 7, and 8).

was concluded that the BEVS reproducibly producesshown on the left is an SDS-PAGE silver-stained gel and shown on the

active protease.

right is a SDS-PAGE Coomassie-stained gel.
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Discussion
1
The baculovirus—insect cell expression vector system has
been developed and utilized to reproducibly express the
HSV protease recombinant fusion protein. Our ability to ,
culture inocula in shake flasks to cell densities greater than
1 x 107 cells mft with a viability above 95% enabled us to
inoculate our 10-L bioreactor to an initial cell density of 3
>1 x 1 cells m*. The specific modifications to our 10-
L tank minimized cell stress associated with agitation and
air bubbling while providing adequate mixing and dissolved 4
oxygen concentrations. The lag phase and variability pre-
viously observed with Sf-9 growth was considerably
reduced. As a consequence, we were able to successfully
culture Sf-9 cells in our bioreactor to cell densities equival-
ent to those grown in shake flasks (8-400° cells mi*
with a viability greater than 95%). Initial experiments with
viral infection and recombinant protein expression were
successful and encouraged further development with this
expression system. Sf-9 cells were successfully infecteds
with a baculovirus encoding for HSV protease at cell den-
sities up to 5.5¢< 1P cells mi* without loss of productivity.
With respect to HSV-247, expression levels were equal to
or greater than those produced by Bncoli construct. 10
These results suggest that infections at higher cell densities
and further optimization of the BEVS are quite possible.
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