
downstream applications and its clearance must be 
confirmed by validated assays.

This whitepaper describes the development of a novel 
Sf9 Rhabdovirus-negative cell line, named Sf-RVN®, 
with companion chemically defined medium, the EX-
CELL® CD Insect Cell Medium. Combined, these two 
products form the Sf-RVN® Platform and offer a Sf-
Rhabdovirus free alternative for the BICS production of 
biologics. 

Data demonstrated that Sf-RVN® Insect Cells cultivated 
with the optimized chemically defined EX-CELL® CD 
Insect Cell Medium provide robust growth and also a 
high productivity of the secreted alkaline phosphatase 
(SEAP), the Rudolph red, erythropoietin (EPO) and the 
porcine parvovirus (PPV).

Characteristics of the Sf-RVN® Insect 
Cell Line
An Sf9 cell line that is free from rhabdovirus 
was initially described in 2016 by Dr. Jarvis and 
the GlycoBac lab (Maghodia et al. 2016). They 
demonstrated that the Sf-RVN® Insect Cell Line 
shows similar density, size, doubling time and 
morphology when compared to Sf9 cell lines 
infected with rhabdovirus (Figure 1). The absence 
of any viral sequences, including rhabdovirus, in 
the Sf-RVN® Insect Cell Line has been confirmed 
using the TBLASTN program to search massively 
parallel sequencing assemblies (Geisler at al. 
2018). The nearly identical growth and morphology 
characteristics, along with this sequencing study, 
confirms that the Sf-RVN® Insect Cell Line is one of 
the best-characterized cell lines in the field of Sf9. It 
also proves that the Sf-RVN® insect cells are negative 
for rhabdovirus while maintaining other characteristics 
of the standard Sf9 cell line.

Development of a Novel Sf9 Rhabdovirus-Negative 
Cell Line (Sf-RVN®) and Companion Chemically 
Defined Medium
Sandy McNorton, Sr. Scientist Process Solutions Upstream R&D Media Development

Introduction
The baculovirus-insect cell system (BICS) is widely 
used for production of recombinant proteins due to 
its flexibility, speed, simplicity and eukaryotic protein 
processing capacity. This platform is leveraged to 
produce several biologics approved for use in humans 
(Cervarix®, Provenge®, Glybera® and Flublok®) 
and several veterinary applications (Porcilis® Pesti, 
Circumvent® PCV, Ingelvac CircoFLEX® and Porcilis® 
PCV). The BICS is also used for production of virus-like 
particles (VLP) used in vaccines and adeno-associated 
viruses (AAV) used in gene therapies.

Baculovirus is a rod-shaped virus that exclusively 
infects insects and therefore has relatively low safety 
concerns. It has a genome of 134 kilobase pairs 
with 154 open reading frames, which allows enough 
space for the gene insertions necessary to produce 
recombinant proteins, adeno-associated viruses (AAV) 
and virus-like particles (VLP).

Cell lines derived from ovarian tissue of the fall 
armyworm, Spodoptera frugiperda (Sf), are widely 
used as hosts for recombinant proteins, virus-like 
particles (VLP) and viral vectors such as AAV. The 
original Sf cell line, designated IPLB-SF-21 (Sf21), was 
derived from pupal ovaries in 1977. Other commonly 
used Sf cell lines include Sf9, a subclone of Sf21.

A novel rhabdovirus, known as Sf-rhabdovirus,  
was discovered to be a common and persistent 
contaminant of Sf9 cell lines. Sf-rhabdovirus is  
rod-shaped and contains single-stranded RNA. While  
its exact host range is not fully defined, it is believed 
that Sf-rhabdovirus is unlikely to be harmful for 
humans as it cannot replicate in mammalian cells. 
Despite this finding, the presence of this adventitious 
agent in a process used to manufacture biologics 
for human use must be addressed. Removal of the 
virus can be achieved through use of appropriate 
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新しいラブドウイルス陰性 Sf9 細胞株（Sf-RVN®）と
Chemically Defined のコンパニオン培地の開発

序文
バキュロウイルス－昆虫細胞系（BICS）はその柔軟性、スピード、
簡便さ及び真核生物タンパク質プロセシング能により、組換え
タンパク質の生産に広く使用されています。本プラットフォー
ムは、承認済みのヒト用生物学的医薬品（サーバリックス ®、
プロベンジ ®、グリベラ ® 及びフルブロック ®）及び動物用バ
イオ医薬品（ポルシリス ®、ペスティ、サーカムベント ® PCV、
インゲルバック サーコフレックス ® 及びポルシリス ® PCV）の
生産に利用されています。BICS はワクチン用ウイルス様粒子

（VLP）や遺伝子治療用アデノ随伴ウイルス（AAV）の生産にも
利用されています。

バキュロウイルスは昆虫だけに感染する桿状ウイルスであるた
め、安全性の懸念は大きくありません。154 のオープンリーディ
ングフレームを含む 134kb のゲノムを有し、組換えタンパク質、
アデノ随伴ウイルス（AAV）及びウイルス様粒子（VLP）を生
産するのに必要な遺伝子を挿入できる十分なスペースがあり
ます。

ヨトウガ（Spodoptera frugiperda、以下「Sf」）卵巣組織由
来の細胞株が組換えタンパク質、ウイルス様粒子（LVP）及び
AAV などのウイルスベクターの宿主として広く用いられていま
す。最初の Sf 細胞株 IPLB-SF-21（Sf21）は、1977 年に蛹卵巣
から樹立されました。この他に多く使用されている Sf 細胞株
には Sf21 のサブクローンである Sf9 があります。

Sf- ラブドウイルスという新規ラブドウイルスが、Sf9 細胞株の
一般的で持続的な汚染ウイルスとして発見されました。Sf- ラ
ブドウイルスは桿状であり、一本鎖 RNA を有します。正確な
宿主範囲は不明ですが、Sf- ラブドウイルスは哺乳類細胞内で
複製できないためヒトに害を及ぼす可能性は低いと考えられて
います。そうだとしても、ヒト用生物製剤の製造プロセスにお
けるこの外来性感染性物質の混入に対し、何らかの対処が必要
です。下流工程に適切な方法を応用してウイルスを除去するこ

とは可能ですが、バリデート済みのアッセイによりウイルス除
去を確認しなければなりません。

このホワイトペーパーでは、新しいラブドウイルス陰性 Sf9 細
胞株（Sf-RVN® と命名）及び Chemically Defined (CD) のコン
パニオン培地（EX- CELL® CD Insect Cell Medium）の開発につ
いて記載します。この 2 つの製品を組み合わせた Sf-RVN® プラッ
トフォームは、Sf- ラブドウイルスフリーの BICS 生物製剤生産
系です。

最適化した CD 培地の EX-CELL® CD Insect Cell Medium で培養
した Sf-RVN® Insect Cell Line は良好に増殖し、分泌型アルカリ
ホスファターゼ（SEAP）、ルドルフ・レッド、エリスロポエチ
ン（EPO）及びブタパルボウイルス（RRV）の産生性も高いこ
とがデータで示されています。

Sf-RVN® Insect Cell Line の特徴
ラブドウイルスフリーの Sf9 細胞株は 2016 年、Dr. Jarvis と
GlycoBac ラボによって初めて報告されました（Maghodia et 
al. 2016）。ラブドウイルスに感染した Sf9 細胞株と比較して、
Sf-RVN® Insect Cell Line は同様の細胞密度、細胞径、倍加時間
及び形態であることが示されています（図 1）。

Sf-RVN® Insect Cell Line にはラブドウイルスなどのウイルス配
列が含まれないことが、大量並列シーケンスアセンブリを検索
する TBLASTN プログラムを用いて確認されています（Geisler 
at al. 2018）。このシーケンス研究に加え、増殖及び形態特性が
ほぼ一致することからも、Sf-RVN® Insect Cell Line は Sf9 細胞
株の中で最もよく特徴付けられた細胞株です。Sf-RVN® Insect 
Cell Line はラブドウイルス陰性であるだけでなく、標準的な
Sf9 細胞株の他の特徴を保持していることも実証されています。
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Development of Optimized EX-CELL® CD 
Insect Cell Medium
Grace’s medium, supplemented with serum, is the earliest 
formulation developed for insect cell culture. The desire 
to move to a serum-free medium led to the addition of 
peptones, hydrolysates such as yeast extract, lipids and 
Poloxamer 188. These media are not chemically defined 
and variation in the hydrolysates results in lot-to-lot 
inconsistencies in the media and cell culture.

We developed a chemically defined medium optimized 
for insect cell culture (EX-CELL® CD Insect Cell 
Medium). Cell culture optimization technology was 
used to determine the best balance of components 
to deliver the desired cell growth and productivity. A 
key consideration during development of the specialty 
medium was the cell density effect. While Sf9 cells 
can reach peak densities of up to 107 cells/mL, if the 
density exceeds 4x106 cells/mL, there is a severe loss 
in protein yield. Ideally, infection should take place 
when the cells are at 2-3x106 cells/mL to achieve the 
highest protein yield.

Several media formulations were used as a starting 
point to allow for the evaluation of a diverse range of 
components and concentrations. Unique components 
of insect cell media were then added to these 
formulations. One of these starting formulations was 
our EX-CELL® 420 Serum-Free Medium for insect 
cells with the yeast extract removed. A design of 
experiments (DOE) approach was used to identify those 
biochemical components that supported growth and 
productivity of the Sf-RVN® Insect Cell Line.

Figure 2. Identification of critical biochemical components by two- 
dimensional mapping of cell culture performance.

Figure 3. Identification of critical biochemical components ranked by 
variable importance.

Figure 1. Comparison of Sf-RVN® insect cells and Sf9 cells infected with 
rhabdovirus revealed similarity in density (A), diameter  
(B), doubling time (C) and morphology (D) (Adapted from Maghodia  
et al. 2016).

Figure 2 is an example of a multivariate analysis of 
components. The yellow dot in the upper right quadrant 
represents the cell growth while the purple dots are 
individual components of the medium. Components 
which are near the yellow dot have a positive effect 
on the response. For example, component 2001200 
is adjacent to the yellow dot and therefore necessary 
for growth. Components in the lower left quadrant 
had a negative effect on growth. While it may seem  
obvious to remove those components in the lower left 
quadrant, further evaluation was required as they may 
be important for productivity. While this statistical 
mapping can be expected to provide a good indication 
of the significance of a component, confirmation is 
necessary as some components may not have sufficient 
statistical variance for the software to detect it as a 
critical component.

From the same experiment, it is possible to determine 
the effect each component has on Sf-RVN® insect cell 
growth. The variable importance on projection (VIP) 
response ranks components based on how much of an 
effect a component has. Any component with a ranking 
greater than one is critical (Figure 3). However, the 
graph does not indicate if those critical components are 
positive or negative effectors for the growth. Also, any 
component at the far right-hand side has a low ranking 
and would once again be considered for removal from 
the medium as they have little to no effect on growth. 
As noted above, these components must then be 
evaluated for their effect on productivity.
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最適化 EX-CELL® CD      
Insect Cell Medium の開発

血清添加 Grace 培地は、昆虫細胞培養用に開発された最も初期
の処方です。無血清培地への移行を可能にするため、ペプトン、
酵母エキスなどの加水分解物、脂質及びポロキサマー 188 が
添加されました。これらの培地は CD 培地ではなく、加水分解
物のばらつきにより培地及び培養がロット間で不均一となりま
す。

当 社 で は、 昆 虫 細 胞 培 養 用 の CD 培 地（EX-CELL® CD Insect 
Cell Medium）を開発しました。細胞培養の最適化技術を用いて、
望ましい細胞増殖と生産性が得られる最良の成分バランスを決
定しました。専用培地の開発で特に考慮したのは細胞密度の影
響でした。Sf9 細胞は最高で 107 cells/mL の密度に達しますが、
密度が 4 × 106 cells/mL を超えるとタンパク質収量が著しく低
下します。理想的には、最高のタンパク質収量を得るには細胞
が 2 ～ 3 × 106 cells/mL の時に感染させる必要があります。

開始点として複数の培地処方を使用し、さまざまな成分及び濃
度を評価しました。次に、これらの処方に昆虫細胞培地固有の
成分を添加しました。開始処方の 1 つは、当社の昆虫細胞用
EX-CELL® 420 無血清培地から酵母エキスを除いたものでした。
実験計画法（DOE）のアプローチを用いて、Sf-RVN® Insect 
Cell Line の増殖と生産性を促す生化学的成分を特定しました。

図 2 は、成分に関する多変量分析の一例です。四分割の右上
区画内にある黄色の点は細胞増殖を示し、紫色の点は培地中の
個々の成分です。黄色の点に近い成分は応答に正の影響があり
ます。例えば、成分 2001200 は黄色の点に隣接しているため増
殖に必要です。左下区画内にある成分は増殖に負の影響を及ぼ
しました。左下区画内の成分は明らかに削除できると思われま
すが、生産性に必要な可能性もあるため評価がさらに必要でし
た。この統計的マッピングは成分の重要性を示す良い指標と考
えられますが、成分の中にはソフトウェアがそれを重要成分と
して検出するために十分な統計的分散がないものもあるため確
認が必要です。

同じ実験から、各成分が Sf-RVN® Insect Cell Line の増殖に及
ぼす影響を判断することが可能です。射影における変数重要度

（VIP）の応答は、成分の影響度に基づいて成分をランク付けし
ます。ランクが 1 よりも大きい成分はすべて重要です（図 3）。
ただし、このグラフからは重要成分が増殖に正の影響を持つの
か負の影響を持つのかは分かりません。また、右端に近い成分
はいずれもランクが低く、増殖に対する影響が少ないか影響し
ないため、やはり培地から除くことを考慮します。上述したと
おり、これらの成分は次に生産性に対する影響を評価しなけれ
ばなりません。
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Development of Optimized EX-CELL® CD 
Insect Cell Medium
Grace’s medium, supplemented with serum, is the earliest 
formulation developed for insect cell culture. The desire 
to move to a serum-free medium led to the addition of 
peptones, hydrolysates such as yeast extract, lipids and 
Poloxamer 188. These media are not chemically defined 
and variation in the hydrolysates results in lot-to-lot 
inconsistencies in the media and cell culture.

We developed a chemically defined medium optimized 
for insect cell culture (EX-CELL® CD Insect Cell 
Medium). Cell culture optimization technology was 
used to determine the best balance of components 
to deliver the desired cell growth and productivity. A 
key consideration during development of the specialty 
medium was the cell density effect. While Sf9 cells 
can reach peak densities of up to 107 cells/mL, if the 
density exceeds 4x106 cells/mL, there is a severe loss 
in protein yield. Ideally, infection should take place 
when the cells are at 2-3x106 cells/mL to achieve the 
highest protein yield.

Several media formulations were used as a starting 
point to allow for the evaluation of a diverse range of 
components and concentrations. Unique components 
of insect cell media were then added to these 
formulations. One of these starting formulations was 
our EX-CELL® 420 Serum-Free Medium for insect 
cells with the yeast extract removed. A design of 
experiments (DOE) approach was used to identify those 
biochemical components that supported growth and 
productivity of the Sf-RVN® Insect Cell Line.

Figure 2. Identification of critical biochemical components by two- 
dimensional mapping of cell culture performance.

Figure 3. Identification of critical biochemical components ranked by 
variable importance.

Figure 1. Comparison of Sf-RVN® insect cells and Sf9 cells infected with 
rhabdovirus revealed similarity in density (A), diameter  
(B), doubling time (C) and morphology (D) (Adapted from Maghodia  
et al. 2016).

Figure 2 is an example of a multivariate analysis of 
components. The yellow dot in the upper right quadrant 
represents the cell growth while the purple dots are 
individual components of the medium. Components 
which are near the yellow dot have a positive effect 
on the response. For example, component 2001200 
is adjacent to the yellow dot and therefore necessary 
for growth. Components in the lower left quadrant 
had a negative effect on growth. While it may seem  
obvious to remove those components in the lower left 
quadrant, further evaluation was required as they may 
be important for productivity. While this statistical 
mapping can be expected to provide a good indication 
of the significance of a component, confirmation is 
necessary as some components may not have sufficient 
statistical variance for the software to detect it as a 
critical component.

From the same experiment, it is possible to determine 
the effect each component has on Sf-RVN® insect cell 
growth. The variable importance on projection (VIP) 
response ranks components based on how much of an 
effect a component has. Any component with a ranking 
greater than one is critical (Figure 3). However, the 
graph does not indicate if those critical components are 
positive or negative effectors for the growth. Also, any 
component at the far right-hand side has a low ranking 
and would once again be considered for removal from 
the medium as they have little to no effect on growth. 
As noted above, these components must then be 
evaluated for their effect on productivity.
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A graph of regression components indicated if the 
components had a positive or negative correlation to 
individual responses compared to all other components 
(Figure 4). Bars that are above zero have a positive 
effect while those below zero have a negative effect. 
The top graph represents components critical for 
cell growth while the bottom graph shows critical 
components for productivity. It is obvious there are 
components that are important for growth and not for 
productivity and vice versa.

These three sets of data indicated which components 
should be included in the medium and which can 
be eliminated from consideration. The data also 
provided concentration ranges to test for both growth 
and productivity to create EX-CELL® CD Insect Cell 
Medium. While EX-CELL® CD Insect Cell Medium 
is optimized for the Sf-RVN® Insect Cell Line, this 
medium is compatible with other insect cell lines such 
as Sf9, Sf21, Tni, S2 and C636.

Sf-RVN® Platform Performance
Performance of the Sf-RVN® Platform, composed of the 
Sf-RVN® Insect Cell Line with the specifically formulated 
EX-CELL® CD Insect Cell Medium, was evaluated using 
several assays:
• Cell growth assay
• Secreted Alkaline Phosphatase (SEAP) production
• Rudolph Red and human erythropoietin (EPO) 

production
• Porcine Parvovirus (PPV) production

Cell Growth Assay
Figure 5 shows a comparison of cultivation stability of the 
Sf-RVN® Insect Cell Line when grown in the EX-CELL® CD  
Insect Cell Medium, competitor medium and EX-CELL® 
420 Serum-Free Medium containing yeast extract. The 
chemically defined medium consistently reached 6-8x106 
cells/ mL by day 4 when seeded at 0.7-1x106 cells/mL and 
reached more than 10x106 cells/mL by day 7 when seeded 
at 0.5x106 cells/mL. Viability remained consistently high 
throughout the culture period. Competitor medium varied 
from 3-5x106 cells/mL during passing with a maximum 
viable cell density of 5x106 cells/mL on day 7 of the 
growth curve.

Figure 4. Regression coefficients reflect positive and negative 
correlations of biochemical components to individual responses.

Figure 5. Stable growth of the Sf-RVN® Insect Cell Line over multiple 
passages.
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The EX-CELL® 420 Serum-Free Medium showed slightly 
better growth as compared to the competitor medium but 
not as good as the chemically defined medium. EX-CELL® 
420 Serum-Free Medium, which contains hydrolysates, 
showed some passage to passage variability. This 
variability emphasizes the advantage of culturing with 
a chemically defined medium as it provides improved 
consistency during the cell culture process.

Secreted Alkaline Phosphatase Production

Figure 6 shows the production of SEAP by the  
Sf-RVN® Insect Cell Line in the same three media. The 
baculovirus producing SEAP is an occlusion-negative 
virus, which means it is secreted directly into the 
supernatant. The growth curve reflects uninfected 
cells; cells were plated at 1x106 cells/mL (day zero) 
and infected on day 1 when the cultures were at 
approximately 2x106 cells/mL. The Sf-RVN® insect 
cells were infected at a multiplicity of infection (MOI) 
of 5 and harvested on day 3 post-infection. All the 
baculovirus used for these experiments had been 
passaged twice in the EX-CELL® CD Insect Cell Medium 
prior to the final infection.
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Figure 6. Comparison of SEAP production by Sf-RVN® insect cells in 
three different media formulations.

As shown in Figure 6, production of SEAP was 36% 
higher with the EX-CELL® CD Insect Cell Medium than 
with the competitor medium. Production in EX-CELL® 
420 Serum-Free Medium was slightly higher (48%).

回帰成分のグラフから、各成分がその他すべての成分と比較し
て個々の応答に対し正の相関を示すか負の相関を示すかが示さ
れました（図 4）。ゼロより上側にあるバーは正の影響、ゼロよ
り下側にあるバーは負の影響を示します。上のグラフは細胞増
殖に重要な成分、下のグラフは生産性に重要な成分を示します。
増殖には重要でも生産性には重要でない成分もあれば、その逆
の成分もあることが分かります。

上記の 3 セットのグラフから、培地に含めるべき成分や培地
から除くことを検討できる成分が示されました。EX-CELL® CD 
Insect Cell Medium を開発するために増殖と生産性の両方につ
いて検討すべき濃度範囲も示されました。EX-CELL® CD Insect 
Cell Medium は Sf-RVN® Insect Cell Line に最適化されていま
すが、この培地は Sf9、Sf21、Tni、S2 及び C636 など他の昆
虫細胞株にもお使いいただけます。

Sf-RVN® プラットフォームの性能
Sf-RVN® Insect Cell Line とコンパニオン培地の EX-CELL® CD 
Insect Cell Medium からなる Sf-RVN® プラットフォームの性能
を、複数のアッセイを用いて評価しました。

• 細胞増殖アッセイ
• 分泌型アルカリホスファターゼ（SEAP）の産生
• ルドルフ・レッド及びヒトエリスロポエチン（EPO）の産生
• ブタパルボウイルス（PPV）の産生

細胞増殖アッセイ
図 5 に、Sf-RVN® Insect Cell Line を EX-CELL® CD Insect Cell 
Medium、他社の培地、EX-CELL® 420 無血清培地（酵母エキス
含有）のそれぞれで培養した増殖性を示しました。
CD 培地では、0.7 ～ 1 × 106 cells/mL で接種すると 4 日目ま
でに一貫して 6 ～ 8 × 106 cells/mL に達し、0.5 × 106 cells/
mL で接種すると 7 日目までに 10 × 106 cells/mL を超えました。
生存率は培養期間を通し一貫して高く維持されました。
他社の培地では、継代中に 3 ～ 5 × 106 cells/mL の間で変動し、
最大生細胞密度は増殖曲線の 7 日目に 5 × 106 cells/mL でした。

EX-CELL® 420 無血清培地での増殖は他社の培地よりもやや良好
でしたが、CD 培地ほど十分ではありませんでした。EX-CELL® 
420 無血清培地は加水分解物を含み、継代ごとにある程度変動
しました。この変動をみても、CD 培地は細胞培養プロセスの
一貫性が向上するため優れていると考えられます。

分泌型アルカリホスファターゼの産生
図 6 に、同じ 3 種類の培地で培養した Sf-RVN® Insect Cell Line
による SEAP の産生を示します。
SEAP を産生するバキュロウイルスは包埋体を形成せず、これ
は上清中に直接分泌されることを意味します。
増殖曲線は未感染細胞を表しており、細胞を 1 × 106 cells/mL
でプレートに播種し（0 日目）、1 日目に約 2 × 106 cells/mL と
なった細胞に感染させました。
感染多重度（MOI）が 5 となるよう Sf-RVN® Insect Cell Line に
感染させ、その 3 日後にハーベストしました。
これらの実験で使用したバキュロウイルスはすべて、最終的な
感染の前に EX-CELL® CD Insect Cell Medium で 2 回継代されて
います。

図 6 に示すとおり、EX-CELL® CD Insect Cell Medium では他社
の培地よりも 36% 高く SEAP が産生されました。
EX-CELL® 420 無血清培地では、さらに高い値（48%）が示され
ました。
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A graph of regression components indicated if the 
components had a positive or negative correlation to 
individual responses compared to all other components 
(Figure 4). Bars that are above zero have a positive 
effect while those below zero have a negative effect. 
The top graph represents components critical for 
cell growth while the bottom graph shows critical 
components for productivity. It is obvious there are 
components that are important for growth and not for 
productivity and vice versa.

These three sets of data indicated which components 
should be included in the medium and which can 
be eliminated from consideration. The data also 
provided concentration ranges to test for both growth 
and productivity to create EX-CELL® CD Insect Cell 
Medium. While EX-CELL® CD Insect Cell Medium 
is optimized for the Sf-RVN® Insect Cell Line, this 
medium is compatible with other insect cell lines such 
as Sf9, Sf21, Tni, S2 and C636.

Sf-RVN® Platform Performance
Performance of the Sf-RVN® Platform, composed of the 
Sf-RVN® Insect Cell Line with the specifically formulated 
EX-CELL® CD Insect Cell Medium, was evaluated using 
several assays:
• Cell growth assay
• Secreted Alkaline Phosphatase (SEAP) production
• Rudolph Red and human erythropoietin (EPO) 

production
• Porcine Parvovirus (PPV) production

Cell Growth Assay
Figure 5 shows a comparison of cultivation stability of the 
Sf-RVN® Insect Cell Line when grown in the EX-CELL® CD  
Insect Cell Medium, competitor medium and EX-CELL® 
420 Serum-Free Medium containing yeast extract. The 
chemically defined medium consistently reached 6-8x106 
cells/ mL by day 4 when seeded at 0.7-1x106 cells/mL and 
reached more than 10x106 cells/mL by day 7 when seeded 
at 0.5x106 cells/mL. Viability remained consistently high 
throughout the culture period. Competitor medium varied 
from 3-5x106 cells/mL during passing with a maximum 
viable cell density of 5x106 cells/mL on day 7 of the 
growth curve.

Figure 4. Regression coefficients reflect positive and negative 
correlations of biochemical components to individual responses.

Figure 5. Stable growth of the Sf-RVN® Insect Cell Line over multiple 
passages.
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The EX-CELL® 420 Serum-Free Medium showed slightly 
better growth as compared to the competitor medium but 
not as good as the chemically defined medium. EX-CELL® 
420 Serum-Free Medium, which contains hydrolysates, 
showed some passage to passage variability. This 
variability emphasizes the advantage of culturing with 
a chemically defined medium as it provides improved 
consistency during the cell culture process.

Secreted Alkaline Phosphatase Production

Figure 6 shows the production of SEAP by the  
Sf-RVN® Insect Cell Line in the same three media. The 
baculovirus producing SEAP is an occlusion-negative 
virus, which means it is secreted directly into the 
supernatant. The growth curve reflects uninfected 
cells; cells were plated at 1x106 cells/mL (day zero) 
and infected on day 1 when the cultures were at 
approximately 2x106 cells/mL. The Sf-RVN® insect 
cells were infected at a multiplicity of infection (MOI) 
of 5 and harvested on day 3 post-infection. All the 
baculovirus used for these experiments had been 
passaged twice in the EX-CELL® CD Insect Cell Medium 
prior to the final infection.
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Figure 6. Comparison of SEAP production by Sf-RVN® insect cells in 
three different media formulations.

As shown in Figure 6, production of SEAP was 36% 
higher with the EX-CELL® CD Insect Cell Medium than 
with the competitor medium. Production in EX-CELL® 
420 Serum-Free Medium was slightly higher (48%).

分泌型アルカリホスファターゼの産生
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図 6．3 種類の培地処方中での Sf-RVN® Insect Cell Line による SEAP 産生の比較。
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Figure 8. Comparison of PPV production in Sf-RVN® cells in three 
different media.
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Porcine Parvovirus Production

Similar to AAV, PPV is a capsid virus in which the 
polyhedral nuclear capsid will remain within the cell. 
Both AAV and PPV are small, non-enveloped single- 
stranded DNA viruses that are assembled from three 
viral proteins: VP1, VP2, and VP3.

As with the previous studies, infection was at an MOI  
of 5 with approximately 2x106 cells/mL on day 1 of the 
culture and harvest was on day 3 post-infection. The 
EX-CELL® CD Insect Cell Medium outperformed both 
the competitor medium and EX-CELL® 420 Serum-Free 
Medium by 22% (Figure 8).

Conclusion
Despite the discovery that Sf9 cells are contaminated 
with Sf-rhabdovirus, these cell lines are widely used  
as hosts for the production of recombinant proteins, 
virus-like particles (VLP) and adeno-associated viruses 
(AAV) used for gene therapy applications. While it 
is believed that this virus is unlikely to be harmful 
to humans, removal of rhabdovirus, as with any 
adventitious agent, is advised to ensure patient safety.

Data confirms that the EX-CELL® CD Insect Cell  
Medium not only supports robust growth of the  
Sf-RVN® Insect Cell Line, it also produces as well 
or better than EX-CELL® 420 Serum-Free Medium 
containing hydrolysate.

The Sf-RVN® Insect Cell Line is demonstrated to be 
free of the contaminating virus and improves the safety 
profile of bioprocesses. The combination of this cell 
line with the EX-CELL® CD Insect Cell Medium forms 
the Sf-RVN® Platform and provides robust growth and 
productivity.
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Figure 7. Comparison of Rudolph Red production in Sf-RVN® cells in 
three different media formulations.

Rudolph Red and Human EPO Production

In this study, the baculovirus was co-infected with 
Rudolph Red and human Erythropoietin (hEPO). Human 
EPO is secreted into the supernatant and can be directly 
measured while the Rudolph Red remains intracellular 
and once released from the cells, is quantified with a 
fluorescent plate reader. The infection was done at an MOI 
of 5 and harvested on day 3 post-infection.

As shown in Figure 7, production of Rudolph Red was 
45% higher with the EX-CELL® CD Insect Cell Medium 
than with the competitor medium.
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Figure 8. Comparison of PPV production in Sf-RVN® cells in three 
different media.
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Similar to AAV, PPV is a capsid virus in which the 
polyhedral nuclear capsid will remain within the cell. 
Both AAV and PPV are small, non-enveloped single- 
stranded DNA viruses that are assembled from three 
viral proteins: VP1, VP2, and VP3.

As with the previous studies, infection was at an MOI  
of 5 with approximately 2x106 cells/mL on day 1 of the 
culture and harvest was on day 3 post-infection. The 
EX-CELL® CD Insect Cell Medium outperformed both 
the competitor medium and EX-CELL® 420 Serum-Free 
Medium by 22% (Figure 8).

Conclusion
Despite the discovery that Sf9 cells are contaminated 
with Sf-rhabdovirus, these cell lines are widely used  
as hosts for the production of recombinant proteins, 
virus-like particles (VLP) and adeno-associated viruses 
(AAV) used for gene therapy applications. While it 
is believed that this virus is unlikely to be harmful 
to humans, removal of rhabdovirus, as with any 
adventitious agent, is advised to ensure patient safety.

Data confirms that the EX-CELL® CD Insect Cell  
Medium not only supports robust growth of the  
Sf-RVN® Insect Cell Line, it also produces as well 
or better than EX-CELL® 420 Serum-Free Medium 
containing hydrolysate.

The Sf-RVN® Insect Cell Line is demonstrated to be 
free of the contaminating virus and improves the safety 
profile of bioprocesses. The combination of this cell 
line with the EX-CELL® CD Insect Cell Medium forms 
the Sf-RVN® Platform and provides robust growth and 
productivity.
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Figure 7. Comparison of Rudolph Red production in Sf-RVN® cells in 
three different media formulations.

Rudolph Red and Human EPO Production

In this study, the baculovirus was co-infected with 
Rudolph Red and human Erythropoietin (hEPO). Human 
EPO is secreted into the supernatant and can be directly 
measured while the Rudolph Red remains intracellular 
and once released from the cells, is quantified with a 
fluorescent plate reader. The infection was done at an MOI 
of 5 and harvested on day 3 post-infection.

As shown in Figure 7, production of Rudolph Red was 
45% higher with the EX-CELL® CD Insect Cell Medium 
than with the competitor medium.
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ルドルフ・レッド及びヒト EPO の産生
この試験では、バキュロウイルスをルドルフ・レッド及びヒ
トエリスロポエチン（hEPO）と同時に感染させました。ヒト
EPO は上清中に分泌され直接測定できるのに対し、ルドルフ・
レッドは細胞内に留まり、細胞外に放出されれば蛍光プレート
リーダーで定量できます。MOI が 5 となるよう細胞に感染させ、
その 3 日後にハーベストしました。

図 7 に示すとおり、EX-CELL® CD Insect Cell Medium では他社
の培地よりも 45% 高くルドルフ・レッドが産生されました。

ブタパルボウイルスの産生性
AAV と同じく PPV はカプシドウイルスで、多面体核カプシドは
細胞内に留まります。AAV と PPV はいずれも小型でエンベロー
プがない一本鎖 DNA ウイルスで、 VP1、VP2、VP3 の 3 種類の
ウイルスタンパク質から組み立てられます。

先の試験と同じく、培養 1 日目に約 2 × 106 cells/mL となった
細胞に MOI が 5 となるよう感染させ、その 3 日後にハーベス
トしました。EX-CELL® CD Insect Cell Medium のでの産生性は、
他社の培地と EX-CELL® 420 無血清培地の両方を 22% 上回りま
した（図 8）。

結論
Sf9 細胞は Sf- ラブドウイルスに汚染していることが判明しま
したが、これらの細胞株は組換えタンパク質、ウイルス様粒子

（VLP）及び遺伝子治療用アデノ随伴ウイルス（AAV）を生産す
るための宿主として広く用いられています。このウイルスがヒ
トに害を及ぼす可能性は低いと考えられますが、他の外来性感
染性物質と同様に、患者の安全性を保証するためラブドウイル
スを除去することが求められます。

EX-CELL® CD Insect Cell Medium は Sf-RVN® Insect Cell Line
の堅牢な増殖性を達成するだけでなく、加水分解物を含む EX-
CELL® 420 無血清培地と同等以上の産生性を示すことがデータ
で確認されています。

Sf-RVN® Insect Cell Line はウイルス汚染がなく、バイオプロセ
スの安全性プロファイルを向上させることが示されています。
この細胞株と EX-CELL® CD Insect Cell Medium を組み合わせた
Sf-RVN® プラットフォームにより、堅牢な増殖性と生産性が得
られます。

ブタパルボウイルスの産生性
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Figure 8. Comparison of PPV production in Sf-RVN® cells in three 
different media.
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Similar to AAV, PPV is a capsid virus in which the 
polyhedral nuclear capsid will remain within the cell. 
Both AAV and PPV are small, non-enveloped single- 
stranded DNA viruses that are assembled from three 
viral proteins: VP1, VP2, and VP3.

As with the previous studies, infection was at an MOI  
of 5 with approximately 2x106 cells/mL on day 1 of the 
culture and harvest was on day 3 post-infection. The 
EX-CELL® CD Insect Cell Medium outperformed both 
the competitor medium and EX-CELL® 420 Serum-Free 
Medium by 22% (Figure 8).

Conclusion
Despite the discovery that Sf9 cells are contaminated 
with Sf-rhabdovirus, these cell lines are widely used  
as hosts for the production of recombinant proteins, 
virus-like particles (VLP) and adeno-associated viruses 
(AAV) used for gene therapy applications. While it 
is believed that this virus is unlikely to be harmful 
to humans, removal of rhabdovirus, as with any 
adventitious agent, is advised to ensure patient safety.

Data confirms that the EX-CELL® CD Insect Cell  
Medium not only supports robust growth of the  
Sf-RVN® Insect Cell Line, it also produces as well 
or better than EX-CELL® 420 Serum-Free Medium 
containing hydrolysate.

The Sf-RVN® Insect Cell Line is demonstrated to be 
free of the contaminating virus and improves the safety 
profile of bioprocesses. The combination of this cell 
line with the EX-CELL® CD Insect Cell Medium forms 
the Sf-RVN® Platform and provides robust growth and 
productivity.
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Figure 7. Comparison of Rudolph Red production in Sf-RVN® cells in 
three different media formulations.

Rudolph Red and Human EPO Production

In this study, the baculovirus was co-infected with 
Rudolph Red and human Erythropoietin (hEPO). Human 
EPO is secreted into the supernatant and can be directly 
measured while the Rudolph Red remains intracellular 
and once released from the cells, is quantified with a 
fluorescent plate reader. The infection was done at an MOI 
of 5 and harvested on day 3 post-infection.

As shown in Figure 7, production of Rudolph Red was 
45% higher with the EX-CELL® CD Insect Cell Medium 
than with the competitor medium.
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ルドルフ・レッド及びヒト EPO の産生
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図 7．3 種類の培地処方中での Sf-RVN® Insect Cell Line によるルドルフ・レッド
産生の比較。

図 8．3 種類の培地中での Sf-RVN® Insect Cell Line による PPV 産生の比較。
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