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FIEZE S (Expression system)

“* Prokaryote expression
—£Escherichia colr

“* Eukaryote expression:
—Yeast

—Insect-Baculovirus (B ® 40 -FFIRiES)
—Mammalian

R
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JRIZRIE R GHIER =

o EZEFRERZNAESGFRFAELE “at home” .
o FERZARESINE IR FHERFEZERRIATY.,

* [RAZ R AN RE X 3RAA = 3t 178 SR JE 0 T2t
(less activity and stability).

o R AN FRIA S ITIEFIITE (Improperly
folded).

¢ HEERNEN. XBEEMENERIE.
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* mE (BRE) EWEE, RAHEEERMEERER,
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®* [n 1952, a definitive experiment established that viral

nucleic acid carries genetic information.



The Hershey-Chase experiment

By differentially labeling the nucleic acid
and protein components of virus parti-
cles with radioactive phosphorus (**P) and
radioactive sulfur (°°S), respectively, Alfred
Hershey and Martha Chase showed that the

Infection

Viral protein
labeled with
radioactive sulfur

protein coat of the infecting virus could be
removed soon after infection by agitating the
bacteria for a few minutes in a blender. In
contrast, **P-labeled phage DNA entered and
remained associated with the bacterial cells

Blending/separation

Viral DNA labeled with
radioactive phosphorus

Radioactivity predominantly
in the supernatant fraction

Radioactivity predominantly

in the cell pellet

under these conditions. Because such blended
cells produced a normal burst of new virus
particles, it was clear that the DNA contained
all of the information necessary to produce
progeny phages.

Centrifugation/detection

- -a%

No radioactivity detected
in next generation of phage

Radioactive DNA is
detected in progeny phage
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transfection
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gene of Insect cell
interest
recombinant

baculoviral DNA

baculovirus

viral
infection protein
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3 production
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insect cell



Background—Baculovirus

* MRS —XEENLEHEIYRES.

< HEEZANHAESIMRNEEDNA, FK/NFE 80-180kb, ZghL 90-180
PNEA,

* MRIEBEENITRESER:

* AcMNPV (Autographa californica nucleopolyhedrovirus) (B 18 [ &% % &
RS

* BmNPV (Bombyx mori nucleopolyhedrosis virus) (X 1% % B RE)

c WEANTAEBMPES: ZFHEE (budded virions, BV) 1€ 1EHY
(occluded virions, ODV) ,



Baculovirus—AcMNPV

Occlusion body Occlusion Derived Virus Budded Virus
(OB) (ODV) (BV)

GP64 (NPV group I)
— or
F protein (NPV group Il)

: § Apical cap
A struture

Virion
Envelope

T—— dsDNA — |

250 300 nm

VP39

\‘ |
|
R /I‘ . /“/
y
T (Major capsid — |
/ protein)

30 - 60 nm VP78/83

0.15- 15 ym

Cited from Shelly Au, 2013

A EENASITIRNEEDNATKE(130kb), Z4wAZ1541ORF
FERGEHIE. FEEAMMEEERE SR



A: TR A A9 B IR (OB)#
EREREH#HEATG, &
2, Bt eiErmsi
T (ODV) BeZthfg FRKR
2 i

B: MM 4 Bl
W (BV) SlxARGRE

C: BRENFH, TE~4&

BV, fERk7EE RALAE.

R 2R 8] 1% 1

D: EERmEHA i AE
ODV, #HREsET-, FEMHEH
OBZ|IRiE

(5|8 G. F. Rohrmann, 2011&



JisShiF) , OB (EiH()

BV (RHijmsHiF) , ODV (HEH
Budded Virus
(BV)
BV specific Common Virion
Components Components

Fusion Protein
(GP64 EFP)

Virion Envelope

Lipid Composition (%)
LPC 5.9
SPH 13.2
PC 10.7
Pl 123
PS 50.2
PE 7.6

GP64 Envelogs™ 2 IS .

(ODV)

Virus DNA ——___ |

Basic DNA Binding
Protein (P6.9)

Major Capsid Protein
(P39)

Capsid Protein (P80/87)
Capsid Protein (P24)
Capsid Protein (P78/83) —]

Occlusion Derived Virus

ODV specific
Components

& — PDV-E66

t€&——— P25 (P26.4)

GP41
(tegument)

<«—PIFs

—— Virion Envelope

Vif-1
BV/ODV-EC27
BV/ODV-C42

38K Ac66 Ac92

LEF-2 Acl09 Acl42

Ac93 Exon0 VP1054
PCNA FP25K BV/ODV-E18
BV/ODV-E26 BV/ODV-E25

Occlusion

OB

Lipid Composition (% )

- Polyhedrin

PEP (PP34

)

R E LR B K 2 3R1K Polyhedrin BRI PIOE A,

FTEHTEIE ODV

RIZEARRE
ARGRD —URARBO LN S

=
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Table 1. Milestones leading to the invention of the baculovirus expression system

Description Impact for research and development References

Isolation of AcMNPV Initial discovery Vail et al. (1971)

Establishment of first insect cell lines In vitro studies Gaw et al. (1959), Grace (1962), Hink (1970)
Infectivity of haemolymph for cells in culture BV/ODV difterence Vaughn & Faulkner (1963),

Characteristics of virus produced in cell culture Infection in cell culture Henderson et al. (1974)

AcMNPV plaque assay Purification of genetic variants Brown & Faulkner (1977)

Infectivity of baculovirus DNA Transfection Burand et al. (1980)

Physical map of ACMNPV Cloning of individual fragments Vlak & Smith (1982)

Mapping and sequencing of the polyhedrin gene  Vector construction Adang & Miller (1982), Vlak et al. (1981)
Polyhedrin protein is not essential in cell culture  Use of polyhedrin promoter for foreign Smith et al. (1983b)

gene expression

Cited from Monique M. van Oers, JGV, 2015

Polyhedrin (polh) gene: ZAAERE




REREIAERERE: ZHAEGERE M p10ERE

ACMNPVINE R FRIA D A e S H, FH, BREAFIRAR
H, ERGAERFKEAIEPERNMERIEANER, FHRZAKE
BFMP1I0EH.

ZRREHEFEHREREOBNEERY, BREAFHEARTNER
RO =IA30% ~ 50%, EREFEGMELTMT, EXRSHFH R
B, FZRIFREMBES.,

PIOCEEtERSEFIELFTRD, TEAEFERFALERD R
> SRGERTPI0ERNEHFEERENETEN, FXED

ERNERE, BATRFEEREBERFIEENINEE BB
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ER4iiE (insect cell)

BEih X (Spodoptera frugiperda) B H AR
(Sf9, Sf21-- )

R A REE o 5 1
®* Temperature: 27—28°C
* pH:6.1t0 6.4

®* Grace's Insect cell culture medium

J’* .



IR R e—

HRRERERSG

Baculovirus Expression Vector Systems

(1) BiI[E

(BEVS)

520 (Homologous Recombination) H

ARFEEL Virus -- (REARSTE)

(2) BidpAratsr s (Site-Specific Transposition)
R =4 E Virus -- (Bac-to-Bac)




D E-va

B4 (Homo

ogous Recombination)

igﬂﬁnﬁb

= H4, ¥ foreign gene 5fEZF| baculovirus transfer vector H,
ZEEEEZRANER BT (Pe) EMEBRIIESES T —T
REEFNVEER,

= Transfer vector F#RK T Z AEEE R FS
RPN iR —A BamH | IBEVIALS, TS HIFFHEA

foreign gene,
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(double- crossover) B,

%%ﬁél

L%

B E 2 transfer vector # linear viral DNA (#k
%ﬂﬂ E%JE’J?&&%EI) —ie LR F
“MAE,;

-
(co-transfection) B &

A& 4 REDNAR E WAL X

15 5N I i %

#TH A viral DNA, Mﬁﬁ)ﬁéié 55 DNA,

u,iﬁPpHEl’] SMNRERE

» HEAREREE R,
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B9,

ERAM, WEIMNREREFRIAE
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foreign gene

Transfer vector

PH ol Ligase

linear viral DNA

WRERHXRER

Co-transfection
ﬁ E zﬂ Recombination
N\
PH<’

+
Recombinant Original
viral DNA viral DNA
Infected cells Cannot infect

1

Protein product



E. coli HS996 BAC10:KO 1629

Bsu36l ORF603 IS rep|icon \ ORXSZQ

N—
N—
N—
N—
N—
~—
tras
~——
—-—
—

PBR322 ori Amp r

Construction of
recombinant baculovirus by

homologous recombination.
(@) Linearized viral DNA
(purified BAC10:K01629) is co-
transfected with a transfer
vector containing the cDNA
(DsRed) to be inserted into the
viral genome.

Homologous recombination
replaces the F replicon by the
expression cassette for the
gene of interest (DsRed) and
restores the essential ORF1629,
allowing viral replication and
expression of the desired
protein. 2-3 days after
transfection, fluorescence of the
DsRed protein should be visible.
In this case only a few cells are
infected.

( b)) Analysis of purified
BAC10:KO1629 on a 0.8 %
agarose gel before ( lane 2 )
and after digestion with Bsu36I
(lane 3).

(Cited from “Insect Cells-
Baculovirus System for the
Production of Difficult to Express
Proteins”)



Notice:

< e AT A AY viral DNA 2448, FERERK TRES
EHNXERERE, TUEASTEREMIE, X
HERZ RE M RMATEREREZNERARS, A
ARBRAERRSTEGREN,

 Z M4k viral DNA KAZEEFZEAEN 15 & K.




BT3B (Site-Specific Transposition) Y
HR A EL Virus

¥

Bac-to-Bac

1993%F, Luckow=FX H 5 BACH {4 JRIELURIF- &l H KA TS
27 KRR EFNITRES, ZEATREEFRAACMNPY
Bacmid, B[Bac-to-Bac (Bacteria-to-Baculovirus) &% .

Bac-to-BacR %, =R —IREAEMSFFREMEEZITRREE
BEMA (Bacmid) B, FEXBITERHITIEE, MIKEELEBacmid

Bac-to-BacR %, =—MREABNMNFILRS, EEMERE, 68
REMNEBHERHFHTHL, ﬁé?l\})ﬁaﬁﬂ’ﬂ%&i%ﬁo



MR M

& X Tn7 B EF5R foreign gene B FEFENETE £.coli RIEFERY
bacmid®

€ 5 foreign gene 5EfE#H pFastBac A, JAfF%5 1k DH10Bac KAtTHE
R, IZMREER A mmini-attTn7#EFFIAY bacmid F1—N4 B Bf
( helper plasmid)

® pFastBac FHE FBZEA mini-Tn7 TN E P INEE B — R
2| bacmid FAY mini-attTn7 E3E2Ar &, 25 EEESHE helper plasmid
R,

€ BidinA ZME AW IHFIEESE R recombinant bacmid AYPE M STRE

& 751589 recombinant bacmid DNA % B &1 4k8



Bac-to-Bac F/IA R G

® {H{KFfu (pFastBac) : TIIMNEEEIBEAZNZ A A
& mini-Tn7 (8], MWRFRIEE. SNEERPNRIAZET
R RERERE M BEF PpH or Ppl0,

® £ col/i Etk, DH10Bac: €& 7 — M HFIRFEFERE A
(bacmid) F1— N EEBNRAL, ol @Id % EE pFastBac ERYFR
A FEM =4 E4H bacmid,




{144 [Ffi - - pFastBac

B 522 AT U REIINREEREB RIS KERIA,

B 5 ARy MCS FHI2ft 3 FRABAE, H{EEINEER.

o pFastBacHT : N-u#gH 6 X His tag F{E4{LEZHE

o pFastBac Dual:

=

s

T Poyy XHP, 1, TR RAR RS




pFastBan:"1 Map The map below shows the elements of pFastBac™1. The vector sequence of
pFastBac™1 is available from our website (www.invitrogen.com) or by
contacting Technical Support (see page 66).

Comments for pFastBac™1
4775 nucleotides

1 origin: bases 2-457

Ampicillin resistance gene: bases 583-1440
pUC orgin: bases 1504-2267

Tn7R: bases 2511-2735

(zentamicin resistance gene: bases 2802-3335 (complementary strand)
Polyhedrn promoter (Ppy): bases 3904-3032
Multiple cloning site: bases 4037-4142

SV40 polyadenylation signal: bases 4160-3400
Tn7L: bases 4429-4504




pFastBac 1

Start of
Transcription

Polyhedrin promoter ——>

| ]
3901 TAGATCATGG AGATAATTAA AATGATAACC ATCTCGCAAARA TAAATAAGTA

wild-type AT G mutated to ATT
I—

3951 TTTTACTGTT TTCGTAACAG TTTTGTAATA AAAARACCTA TAAATATTCC

Ban’lr HI Rsr BssH I
I I
L]

4001 GGATTATTCA TACCGTCCCA CCATCGGGCG CGGATCCCGG TCCGAAGCGC

EcoR | Stu |
I I

Sal
I

Sstl Spe | Not | Nsp V
. I I

4051 GCGGARATTCA AAGGCCTACG TCGACGAGCT CACTAGTCGC GGCCGCTTTC

Xba Pstl Xhol

Sph Kpn | Hind Il
| ||

4101 GAATCTAGAG CCTGCAGTCT CGAGGCATGC GGTACCAAGC TTGTCGAGAA

SV40 polyadenylation signal

|
4151 GTACTAGAGG ATCATAATCA GCCATACCAC ATTTGTAGAG GTTTTACTTG

Non-fusion vector. To ensure proper expression of recombinant protein, the

insert must contain:

* An ATG start codon for initiation of translation

* A stop codon for termination

> Stop codons are included in the MCS in all three reading frames
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pFastBac HT A The map below shows the elements of pFastBac™HT A. The vector sequences of
Map the pFastBac™HT A, B, and C vectors are available from our website
(www.invitrogen.com) or by contacting Technical Support (see page 66).

! T - —

: soEgyT o ewan_osc

= m = M (] £ £ 0O

PATC BxHis TEV Enp s e e

Comments for pFastBac™HT A
4856 nucleotides

EJ_:F.’Q!".' bases 2-457 , *Frameshift occurs at the
picillin resistance gene . bases S80-1449 BamH | site in each vector
pUC onigin: bases 1594-2267T

Tn7R: bases 2511-2735

Gentamicin resistance gene: bases 2802-3335 (complementary strand)

Polyhedrin promoter (Pey): bases 30044032
Initiation ATG: bases 4050-4052

BxHis tag: bases 4062-2079

TEV recognition site: bases 4101-4121

Multiple doning site: bases 41194222

SV40 polyadenylation signal: bases 4240-=2480
Tn7L: bases 450094674




3901

3851

4001

4050

4092

4134

4176

4218

s P p—————

pFastBacHT A, B, and C

Start of
Transcription
Paolyhedrin promoter

[ 1
TAGATCATGG AGATAATTAA AATGATAACC ATCTCGCAAA TAAATAAGTA
wild-type ATG mutated to ATT
1

TTTTACTGTT TTCGTAACAG TTTTGTAATA ARAARRCCTA TAAAIIATTICC

1
GGATTATTCA TACCGTCCCA CCATCGGGCG CGGATCTCGG TCCGEAAACC

6xHis tag

[ |
ATG TCG TAC TAC CAT CAC CAT CAC CAT CAC GAT TAC GAT ATC
Met Ser Tyr Tyr His His His His His His Asp Tyr Asp Ile

TEV recognition site Ehel Ncol BamH |
T i |
CCA ACG ACC GAA AAC CTG TAT TTT CAG GGC GCC ATG GAT CCG
Pro Thr Thr Glu Asn Leu Tyr Phe GLn‘GLy Ala Met Asp Pro

TEV dleavage site

EcoR | Stu | Sall Sstl Spel Mot |
I |

I I |
GAA TTC AAA GGC CTA CGT CGA CGA GCT CAA CTA GTG CGG CCG

Glu Phe Lys Gly Leu Arg Arg Arg Ala Glu Leu Val Arg Pro

NspV Xbal Pstl  Xhol Sphl Kpr | Hind 1l

I | I [

CTT TCG AAT CTA GAG CCT GCA GTC TCG AGG CAT GCG GTA CCA
Leu Ser Asp Leu Glu Pro Ala Val Ser RArg His RAla Val Pro

SV40 polyadenylation signal

[
AGC TTG TCG AGA AGT ACT AGA GGA TCA TAA TCA GCCATACCAC ...
Ser Leu Ser Arg Ser Thr Arg Gly Ser ***

Fusion vectors. To ensure proper expression of recombinant protein:

e Clone gene in frame with the initiation ATG. Fusing with a N-terminal 6xHis tag
and a cleavage site for the AcTEV Protease.

e Include a stop codon with insert.




pFastBac Dual

Contains two MCS to allow expression of two heterologous
genes; one controlled by Py and one by Py,

pFastBac" Dual The map below shows the elements of pFastBac™ Dual. The vector sequence of
Map pFastBac™ Dual is available from our website {www.invitrogen.com) or by
contacting Technical Support (see page 66).

Hind 111

Comments for pFastBac™Dual
5238 nucleotides

f1 origin: bases 102-557
Ampicillin resistance gene: bases 685-1549

pUC arigin: bases 1634-2367

Tn7R: bases 2611-2835

Gentamicin resistance gene: bases 2002-34 35 (complementary strand )
HSV tk polyadenylation signal: bases 3992-4274 (complementary strand)
Multiple doning site: bases 4274-4 337 (complementary strand)
p10 promoter (P,qp): bases 4338-4458 (complementary strand)
Polyhedrin promoter (Pey): bases 447 8-4606

Multiple doning site: bases 4606-4 704

3V40 polyadenyation signal: bases 4722-4962

Tn7L: bases 4991-5156




Y pFastBac = 2H i

R Tt

E. coli 4Rt

B INEE E 3 A\ pFastBacii ARl g, B 1L E coli PR, T

& Amp" BT

(May use recA, endA E. coli strain including TOP10 or DH5a

for transformation)

. SRS NREEEEpFastBackl, F—51

Hit(viF NDH10Bac 4Hpa,




£ {V. DH10Bac £ coli ZH}

—l—l—/E

INTF

JE

. DUBSNRERZE E bacmid,

BIdAEEMNEAWFIE. £F

5 “ApFastBacfs, ol K HEE N DH10Bac £ coli 44

B 40 bacmid,

J



DH10Bac E. coli strain

® DH10Bac Al &HE —MPREEFTREE (bacmid) F1—
MNM#EBIEAL, Bacmid EHH mini-atfTn7 EEEZA S,

® % pFastBac ¥k N\ DH10Bac ZABfif/5, pFastBac_kmini-
TN7FrETRINER R FRIAE, EHBIRAIR AV R
fEF T EEEEE bacmid EBY mini-atfTn7 8BEESFAI=, MW
=4 E4H bacmid,

® DH10Bac & B HI helper plasmid, pMON7124 (13.2 kb), %%
phiLERy, JFHIBEWIUINE (tetracycline) #ui4,




FRRSFREIAS: Bacmid

Bacmid, bMON14272 (136 kb), &
* mini-F replicon
* Kan" marker
° lacZo RRExZwABFF3, H AN T mini-atfTn7F5
(ARF0 LacZofkER)

7€ DH10Bac HREH#E5E Y bacmid & H < AP:
( kanamycin) FuitE, o] X#HFTIE B DERIE

i

SR




T | ——

2 Recombinant Bacmid DNA

o B RIERRE R HiERIEZHDbacmid DNA

Inoculate a single i)Y into 2 ml LB medium
with 50 ug/ml kanamycin, 7 ug/ml gentamicin, and 10
ug/ml tetracycline.

Incubate the culture at 37 C in a shaking at 250 rom

overnight.

ZEME + BRIk




BAER N EL bacmid DNA # Eh4pE. U

FEHEE 2H baculovirus, F=HERYEZH baculovirus O] A
FINEEHRIFRIA .

Y& E4H baculoviral stock ¥ &I N5EZE (titered) |
SEERNRENY ARBRELERMAE, DRBAER
L EHER.




Diagram of the The figure below depicts the generation of recombinant baculovirus and the
Bac-to-Bac” expression of yvour gene of interest using the Bac-to-Bac” Baculovirus Expression

System System.

pFasiBac™ donor plasmid

Clhone Gene ol Iniesms

>\ | /- NE

Transfanmadion "«-Nn:,,m Trai an &J
» _ s oot lSeEann 4 /'/
. YY) —
Fiewt
Recombinant
Donor Plasmid |Ec-mpa’oarrt DH10Bac™ E.coli Cells |

E. coli (LacZ-)
Containing Recombinant Bacmid

g
2
r.l
el ”mlnl-.-\"n T

=]
g
!
L
L

Miri-peep of High
Mok oular Weight DNA

\\

| Tramsfection of
~ !|IEEL1 Cealis with
Calecin® || Reagen III,-\___

/

Recombinant
Bacmid DMA

by Praehsay e % @ @ é’)

—_———————e e —————

e
QOO QQOQ00 0 |

v

Recombinant Gene Expresson
ar Wiral Amplification
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General steps required to express the gene of interest using the
Bac-to-Bac Expression System

pFastBac™ donor plasmid

¢ Clone gene of interest

pFastBac™ Recombinant

Transform into MAX Efficiency® DH10Bac™
Cells {containing bacmid and helper)

E. coli Colonies with Recombinant Bacmid

¢ Restreak

Verified E. coli Colonies with Recombinant Bacmid

Grow overnight culture and
isolate recombinant bacmid DNA

Recombinant Bacmid DNA

Transfect insect cells
using Cellfectin® Il Reagent

F1 Recombinant Baculovirus Stock f}mE pfufml)

Infect insect cells to
amplify virus

P2 Recombinant Baculovirus Stock (>107 pfuiml)

Titer and infect
insect cells

Protein Expression




S HrE4LZEBacmid DNA

28 bacmid DNATR A, =135 kb.

o] X A PCR WiEE4H bacmid EY5MNEEE
(by pUC/M13 Forward and Reverse primers)




Transposed pFastBac™ Gene of interest

sequence
Bacmid DNA
_}, mini-atfT n? *
pUC/M13 pUC/M13
Forward Reverse

SNEEEFRIAMERI A IA T LacZalk X AYFRIA, FrId &
B0 bacmid NfEEEHERN

True positive colonies tend to be large



&40 B oh 4 B
& 4MERE S bacmiddb g B th 41 =4 S48

baculovirus

Using Sf9 or Sf21 cells
Add DNA transfection mixture
Incubate cells at 27°C for 3-5 hours

Remove the transfection mixture and replace with complete
medium

Incubate cells at 27°C for 72 hours or until see signs of viral
Infection (4EREREAIIER —AERIERIN)



28 P1 %5 (Viral Stock)

 HAER ] BY SBERHERE,

> HEMRETIE SEERATR, ERMRERI

IS MRS T EiEH AYRE. Itk AP14X viral stock.

Signs of Infection Phenotype Description
Early (first 24 hours) Increased cell diameter A 25-50% increase in cell diameter may be seen.
Increased size of cell nuclei | Nuclei may appear to "fill" the cells.
Late (24-72 hours) Cessation of cell growth Cells appear to stop growing when compared to
a cell-only control.
Granular appearance Signs of viral budding; vesicular appearance to
cells.
Detachment Cells release from the plate or flask.
Very Late (>72 hours) | Cell lysis Cells appear lysed, and show signs of clearing in

the monolayer.

;g‘p




— B

VAN

= f£A{E MOI (0.05-0.1) MRERET BEARS.

© REERYEHE BASERRE. P3ARSETEANRE]
REE.

= Pr{E AR E RN T RTFEE IR, IREREN(5-20), A K,
I % >95% viability.

= |f the titer of P1 viral stock have not determined, it can be assumed

that the titer ranges from 1x10° to 1X107 pfu/ml (plaque forming
units/ml).

= MOI (multiplicity of infection, BEEE ). ST HENBEESH T
=
=,

I—



3128 Baculoviral Stock

P1 fXviral stock BB ELLERVBKBE. TEHECERLEME, * 55
SEER P2 4 stock.

@r

31 viral stock B, ®E XK MOI (0.05-0.1) EkZZmp

(¢}

MOI (pfu/cell) x number of cells

titer of viral stock (pfu/ml)

Inoculum required (ml) =(

Example : infect 10 ml culture at 2X10° cells/ml using an MOI
= 0.1. Assume that the titer of P1 viral stock is 5X10° pfu/ml.

0.1 pfu/cell 2x107 cells}
5x10° pfu/ml

[noculum required (ml) =(

Inoculum required (ml) = 0.4 ml




Case: Amplify viral stock

(1) Prepare insect cells at 2X10° cells/well. Incubate at 27°C (1
hour) to allow attachment.

(2) After attachment, Add appropriate amount of P1 viral
stock to each well.

(3) Incubate cells at 27°C for 48 or 72 hours.

(4) Collect the medium containing virus.

(5) Centrifuge the collection to obtain clarified viral stock.
This 1s the P2 viral stock.

(6) Determine the titer.

Next. scale-up the amplification procedure to produce the
high-titer P3 stock

- _-Lﬁ- ,




RXTREHEE
- Bk DERIM

" HEEM: 4CHRTF,
" KERTFE 80°CIRTE

» HEFANBESRE A ZEZMT4CHE. BEE -S0°CHR
5, BAR—KEE T 10% £4.

5 R B AR




RILEHEE

SEHE (e g.,1X10° pfu/ml) BYE %R baculoviral stock &,
o] HE R B R ApE# T EAEEHNFIARN,

As a starting point, infect cells using an MOI of 1 to 5 perform a time course to determine
the expression kinetics, as many proteins may be degraded by cellular proteases released in
cell culture.

Note: Maximum expression of secreted proteins is generally observed between 30 and 72
hpi and non-secreted proteins between 48 and 96 hpi.

Use the MOI that provides the optimal level of expression. Infect cells at varying MOls (e.g.,
1, 2,5, 10, 20) and assay for protein expression.

Time course (FIER4H) : Infect cells at a constant MOI and assay for recombinant protein
expression at different times post-infection (e.g., 24, 48, 72, 96 hpi.)



® ¥ & 5 1EAYXT BB (controls):
— mock-infected (uninfected) cells;
— pFastBac positive control baculovirus;
— previously characterized recombinant baculoviruses

® FEEMNNEIRINE. REMIE

® N ITETFRIABIZE Bby SDS-PAGE or Western blot

® Zi{{E

[TH

HE




5 9
13 O
x 2 =
O o —
O = e
= < Q 8.
- Recombmant
protein
e -q Polyhedrin
— — P10

Case 1: BEHEERFTX

Protein gel electrophoresis
result with AcCMNPV expression
vectors.

The protein content is shown for
mock- and WT-infected insect
cells in comparison with cells
infected with expression vectors
based on the p10 or polh
promoter.

The polyhedrin and P10 proteins
are indicated as well as a
recombinant protein product (B-
galactosidase in this case).

Cited from Monique M. van QOers, JGV, 2015
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Expression of SARS-CoV 3a protein in insect cells.

Sf9 cells were infected with a recombinant myc-3a baculovirus at a MOI of 1
(lane 1). Cells were harvested at 72 h p.i., lysed, and subjected to Western blot
analysis using (A) anti-3a antibody and (B) anti-myc antibody.

Two forms of myc-3a were detected by anti-3a antibody as previously reported.
Mock infected Sf9 cells were used as a negative control (lane 2).

(cited from “Expression of the severe acute respiratory syndrome coronavirus 3a protein and the assembly of
coronavirus-like particles in the baculovirus expression system”)
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fi£#: Bac-to-Bac VS homologous recombination

® FTEMT[E]%E: less than 2 weeks VS 4-6 weeks
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Table 2. Comparison of various commonly used expression systems for mammalian proteins

Property Transgenic Baculovirus vectors Mammalian Vaccinia vectors Lentivirus vectors
insect cells in insect cells cells (transient)

Post-translational modifications* ++ + + + 4+ + + 4+ + + 4+

Homogeneity of N-glycans + + ++ + + +

Biological activity ++ ++ +++ + ++ +++

Immunogenicity + ++ + ++ ++ + + ++ + ++

Production levelst + + + + + + + +

Safety concerns + + + + + + -

Downstream processing effortst + + + + + + +

“Post-translational modifications resembling those in mammalian cells.
tExpression levels per culture volume vary per product produced.
tRemoval of viral vectors requires extra processing,

Cited from Monique M. van QOers, JGV, 2015
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Insect glycans Mammalian glycans
(a) (d)
Asn Asn
(b) (e)
:\/’, Asn Asn
(c) ()
Asn Asn
Bee venom ()
glycoprotein 9
glycan structure
Asn

Symbols

- N-acetylglucosamine
D N-acetylgalactosamine
. Mannose

O Galactose

B R/AEFNEZL s S EN- RN ESR. (a, b) Two major products of insect N-glycan-
processing pathway, classified as pauci-mannose structures. (c) The most complex insect
glycan found in the bee venom (#&) . (d—g) Various complex mammalian N-glycan

structures. Data retrieved from Harrison & Jarvis (2006). a
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Table 3. Overview of approved vaccines and therapies based on baculovirus expression technology

Product name Company Expressed product Purpose Use  Year of release Reference
Porcilis Pesti MSD Animal Health E2 glycoprotein Subunit/marker vaccine against classical Pigs 1998 -
swine fever
Bayovac CSF E2* Bayer Biologicals/Pfizer E2 glycoprotein Subunit/marker vaccine against classical Pigs 2001 Hulst et al. (1993)
Animal Health swine fever
Circumvent PCV} MSD Animal Health Porcine circovirus ORF2 VLP vaccine against porcine circovirus type 2 Pigs 2005 -
Cervarix GlaxoSmithKline Human papillomavirus L1 VLP-based vaccine against cervical cancer Girls 2007 Harper (2008)
protein (serotypes 16 and 18)
CircoFLEX Ingelvac Porcine circovirus ORF2 VLP vaccine against porcine circovirus type 2 Pigs 2008 Desrosiers et al.
(2009)
Porcilis PCVH MSD Animal Health Porcine circovirus ORF2 VLP vaccine against porcine circovirus type 2 Pigs 2009 -
Provenge (sipuleucel-T) Dendreon PAP-GM-CSF% Immunotherapy against prostate cancer Men 2010 Kantoff et al. (2010)
Glybera UniQure AAV vector with lipoprotein Gene therapy against familial lipoprotein Humans 2012 Haddley (2013)
lipase transgene lipase deficiency
Flublok Protein Sciences Influenza HA Annual trivalent flu vaccine Humans 2013 Cox (2009), Cox &

Hashimoto (2011),
Treanor et al. (2011)

*Bayovac CSF E2 vaccine has been discontinued.
+The two porcine circovirus vaccines produced by MSD Animal Health are licensed in different geographical areas.
#Prostatic acid phosphatase coupled to granulocyte—macrophage colony-stimulating factor.

Cited from Monique M. van Oers, JGV, 2015
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(a) (Glyco-)proteins, subunits and (e)VLPs Surface display, antigen carrier (b)
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(a) BVs are used to produce foreign
(glyco-)proteins in insect cells. The
recombinant proteins may be
synthesized as subunits, which

may remain intracellular or in the

eVLPs

s 00

o case of glycoproteins will be

F?rgtems o transported to the cell surface or
% even be secreted. Alternatively,

the recombinant proteins may
form VLPs or enveloped, secreted
VLPs (eVLPs). Protein subunits as
well as (e)VLPs may be used as

" \ {:‘f: =) vaccines.
@ @ @ %(y S (b)When proteins are fused to the BV

surface protein GP64 as a carrier,

AV Do @\ BV they are transported to the cell
R surface and become incorporated
’ ad ,,b:} in the BV particles upon budding.
' This is called baculovirus surface
triple infection / /I EF display.
(rep, cap, GOI) &) ' b/ 5 /
Y [[llBvs |
- : MC
Viral vectors Gene delivery N\

(c) Can be used to produce viral vectors such as AAV for gene therapy. Two baculovirus vectors induce the
expression of AAV rep and cap genes, respectively, needed to amplify and package the transgene DNA encoded
by the third baculovirus. GOI (gene of interest).

(d) BVs carrying a gene of interest under a promoter active in mammalian cells (MC) are produced in insect

cells and used as gene delivery vectors.
The nucleus of the insect cell contains the ODV, which is not occluded in the absence of the polyhedrin protein.
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The MultiBac baculovirus/insect cell expression system.
MultiBac contains two integration sites for foreign genes, by Tn7 transposition or
by site-specific recombination mediated by the Cre enzyme. It consists of an

array of plasmids called Acceptors and Donors that facilitate multigene assembly.

(D. Sari. et al. The MultiBac Baculovirus/Insect Cell Expression Vector System for Producing Complex Protein
Biologics. 2016)
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Control plasmid-Gus (B-glucuronidase, EEEBRILES)

pFastBa-:"-Gus The figure below summarizes the features of the pFastBac™-Gus vector. The
Map vector sequence of pFastBac™-Gus is available from our website
(www.invitrogen.com) or by contacting Technical Support (see page 66).

Comments for pFastBac™1Gus
6661 nucleotides

f1 origin: bases 2-457

Ampicillin resistance gene: bases 589-1449
pUC origin: bases 1594-2267

Tn7R: bases 2511-2735

Gentamicin resistance gene: bases 2802-33 35 (complementary strand )
Faolyhedrin promoter (Fpy): bases 3904-4032
GUS ORF: bases 4081-5892

SW40 polyadenyation signal: bases B047-6287
Tn7L: bases 63156480




Control plasmid-CAT (chloramphenicol acetyltransferase)

pFastBa-:" HT-CAT The figure below summarizes the features of the pFastBac™HT-CAT vector. The
Map vector sequence of pFastBac™HT-CAT is available from our website
(www.invitrogen.com) or by contacting Technical Support (see page 66).

ATG 6xHis TEV CAT

Comments for pFastBac™HT-CAT
5500 nucleotide s

f1 origin: bases 2-457

Ampicillin resistance gene: bases 589-1449
pUC origin: bases 1594-2267

Tn7R: bases 2511-2735

Gentamicin resistance gene: bases 2802-3335 (complementary strand)
Polyhedrin promoter (Pey): bases 3904-4032
Initigtion ATG: bases 4050-4052

GxHis tag: bases 4062-4079

TEV recognition site: bases 4101-4121

CAT ORF: bases 4131-4790

SV40 polyadenyation signal: bases 4884-5124
Tn7L: bases 5153-5318




Control plasmid-Dual

pFastBac™ Dual- The figure below summarizes the features of the pFastBac™ Dual-Gus/CAT
Gus/CAT Map vector. The vector sequence of pFastBac™ Dual-Gus/CAT is available from our
website (www.invitrogen.com) or by contacting Technical Support (see page

a6,
|

CAT

pFastBac™Dual-
Gus/CAT

Comments for pFastBac™Dual
5238 nudectides

Palyhedrin promoter (Ppy): bases 16-144
CAT ORF: bases 181-840

SV40 polyademdation signal: bases 964-1204

Tn7L: basas 4991-51546

1 origin: bases 1582-2037

Ampicillin resisBnoe gene: bases 2168-3029

plUC origin: bases 3174-3847

Tn7R: basas 4091-4315

Gentamicin resistance gena: bases 4382-4915 [complemantary strand)
HSV tk polyadenylation signal: bases 5472-5754 (complementary strand)
GUS ORF: bases 5878-T689 (complemantary strand)

p10 promoter (Pyg): bases 7719-7840 (complementary strand)




