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':’ Characteristics of Vaccine and Virus

TOSOH

Hm\/accine
* Protein as surface antigen, toxin, and polysaccharide
 Native protein, polysaccharide or recombinant protein
 Similar purification strategy as protein separation
« SEC, IEC, HIC and AFC

m\irus

* Huge biomolecule complex particles
* Influenza; 100-120 nm, Adenovirus; 80 nm, Smallpox; 30 nm

« Slightly different purification strategy against protein separation
 Large pore chromatographic resin
» Polymethacrylate-grafting type IEC may be effective.
* Flow through mode is effective as mild separation (SEC, IEC)
« Ultrafiltration

BPlasmid (DNA)

* Huge DNA molecule
« Purification by SEC, AIEC and HIC resins with large pore
« Ultra-high Purity is required for gene therapy

Influenza virus
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TOSOH

Chromatographic Resins for Vaccine

M Size-Exclusion chromatography(SEC)

 Large pore resin is required for virus separation
* Virus size -100 nm; TOYOPEARL HW-65, Sepharose 6 FF
* Virus size - 200 nm, HW-75, Sepharose 4 FF

* Rigidity of resin is more important for process column.
« TOYOPEARL has better rigidity, flow stability than Sepharose matrix.
HMlon-exchange chromatography(IEC)
 Large pore resin; TOYOPEARL 650 series
* Polymethacrylate, grafting type may be effective
* Grafting type; TOYOPEARL GigaCap Q-650M, GigaCap S-650M, SuperQ-650M
BHydrophobic interaction chromatography(HIC)
« Various hydrophobicity on resin
* Less hydrophobic resin may be effective for virus separation
* DNA is less retained to HIC resin

BAffinity chromatography(AFC)
* Dye affinity; TOYOPEARL AF-Blue-650M
* Heparin; TOYOPEARL AF-Heparin-HC-650M
* Other protein immobilized AFC resin




o Chemistry for Functional Group on IEC
™ Resins

Protein

Functional v v

iy~ B, St

Simple Maodification

Netting (Cross Linking) Grafted Polymerization

DEAE-650M, Q-550C SuperQ-650M GigaCap Q-650M
SP-650M, SP-550C GigaCap S-650M
Functional Group: Flat Surface Loose Cross Linking Graft Polymer
Adsorption Capacity: Not So High High Very High

Operational Pressure Drop: Low Medium High




o Application of TOYOPEARLS for

TOSOH

Vaccines, Viruses and Viral Vectors/Plasmid

H\/accine (including toxin, rec-antigen and polysaccharide)
« SEC; HW-40S, HW-55S, HW-55F, HW-65S, HW-65F
« IEC; DEAE-650M, SuperQ-650M, QAE-550C, SP-650M, SP-550C
(predicted; GigaCap Q-650M, GigaCap S-650M, Q-600C AR)
* HIC; Butyl-650M, Phenyl-600M, Phenyl-650M, Ether-650M
* AFC; AF-Heparin-(HC)-650M, Fetuin-immobilized-650M
m\Virus
« SEC; HW-65F, HW-75F
* |[EC; SuperQ-650M
* HIC; Butyl-650M
mViral vector (plasmid)
« SEC;HW-65F
* |EC; DEAE-650M
* HIC; Hexyl-650C




o Vaccine Purification (1)

TOSOH
C bss Year T itk Authors Joumal Summ ary
Adi New ad jivant com ponent; recom bhant allergen Derf 2 T.Tsukuiet |PatentWO0/2009/057763 [Recombnantalergen Derf2 purifed by EC on Toyopearl
jvant 2009 .
vacc ne al SP-550G and Q-Sepharose FastF ow
Production-scak purification of the recombhantm apr S. Kayanagi |J. B ioscience and C8/119S was purifed by three chrom atography nc udng
lergen vacci| 2010 |house dustm ite allergen Der f2 mutant etal B oengheering, 110 2010)|TOYOPEARL QAE-550C.
597-601
Process for purify ng derm onecrotic toxn producedby T.Kawaiet |[US patentNo. 6124432 D em onecrotic toxn purificaton hcuding Toyopear| SP-
Bordetella | 2000 |Bordetell and toxoid al 650M .
Purification of Fully Activated C bstrid um botulhum H. Arm itsu et/ lhfection and mmunity, 71 [ ) Ammonum sulfate precpitation, and Toyopear| SP-
Botlnus 2003 Serotype B Toxhn for Treatment of Patients w ith Dystonia |al 003) 1599-1603 650M , NaC I gradient from 0 to 0.5 mol/L h 0.05 mol/L
sodum acetate buffer pH 4.2), @) am hopheny|beta
lctose gelcoumn
Scalk-up of the ferm entation and purification of the S. K. Johnson|Prote h Expression and P ibt scalk purification of BoNTF Hc). F hal step on
Botlhus 2003 |recom b hant heavy chain fragment C of botulhum etal Purification, 32 @003) 1 |Toyopearl SP-650M and HIC
nerotoxn serotype F, expressed n P ichia pastoris
B ivaknt recom b hant vacc ne for Botulnum neurotoxin C.Shone et [hfection and mmunity,77 [LH-N A and B fragm ents derived from BoNT serotypes A
Botlnus 9009 types A and B based on a po lypeptide com prishg their al 009) 2795-2801 and B. Purification by Toyopear|Pheny650M , Q -
effector and transbcation dom ans that is protective Sepharose and hudroxyapatite.
aganst predom nant A and B subtypes
Botlnus 2002 Mucosal mmunization w ith C bstridum botulhum type C 16|N.Mahmutet|J. Med. M icrobibl 51 Type D-16 S toxn and non Tox were purified by EC on
S toxoi and its non—toxic com ponent al 002) 813-820 Toyopear| SP-650M and ToyopearlHW —65S.
Erbperas 2002 Purification and recovery of recom b hant Eryspelothrix N/A Patent 2002- Purification of recom b hant antigen by EC on Toyopearl|
rhusiopathiae vaccine;46.5 K PA:46.5 KDa protective 34568 P 2002-34568A) DEAE-650M
Process for the extraction and purification of prote ns from |F. V. United States Patent Hepatitus B surface antigen vacc ne purifed by SEC on
HBV 1989 |culture media produc ng them W inendaele (4857317 Fractoge | TSK HW-55F and HW -65F, and EC on Fractogel
TSK DEAE-650M
Efficient hduction of hum an T-cell leukem ia virus—1- T.Kozako et [Mokcular mmunobgy, 47 |Purificaton ncuding Toyopear|DEAE-650M
HTLV-1 2009 [specific CTL by chineric particle w ithout ad yvant as a al 009) 606-613
prophy kctic for adult T-cell kukem ia
HVB 92006 Expresson n and purifcation of Hepatitis B surface N.Bardiya |Anaerob, 12 Q006) 194 |RecombnantHBsAg vaccne, Toyopear|DEAE-650M
antigen S—proten) from methy btrophic yeastP ichia
Purification of recombhant HBsA g expressed n N.Bardiya et |Theories and Applications |Purification of HBsAg by EC on Toyopear|DEAE—650M .
HVB 2004 [methybtrophic yeastP ichia pastoris al ofChem . Eng. 10 2004)
1604




o Vaccine Purification (2)

TOSOH
C bss Year T itk Authors Joumal Summ ary
L pophosphoglycan of Le ishm ania m a pr that vacc hates M.J. Proc.Natl Acad. Sci D ephosphory lated lpophosphoglycan was separated by
Leishm an 1987 |agahst cutaneous kishmaniasis contains an McConvile et|USA, 84 (1987) 8941-8945(F ractoge | TSK HW -40S
aky klycerophosphoibnositol al
Purification, quality contro| stability and pham acotoxicity |B.W.Faber |Vacche, 26 2008)6143— [PfAMA1 ectodom ah purification, Toyopear|Buty F650M
Mahkria 2008 |ofcGMP-produced P asmodum fakparum AMA1 FVO etal 6150
strain ectodom aih expressed n P chia pastoris
Production and characterization of clnical grade R.L.Shimp |Proteih Expression and M alkria vacc ne target A pibt scak producton of
Malkria 2006 |Escherichia coliderived P lasmodum fak parum 42kDa Jr.etal Purification, 50 2006) 58 |EcM SP1-42-FUP n a cGMP envirom ent Toyopear|Buty
m erozo ite surface proteih 1 M SP1-42) n the absence of 650M , SuperQ-650M @) and SEC were app lied.
Devebpment and pre—clhicalanalysis ofa P lasm od um E. Angov et |Molkcular and B bchem icallM erozoite Surface Prote n—1-42 § SP-1-42) was purified
Makria 2003 |fakparum Merozoite Surface Proten-1-42 malria vacc nefal Parasitobgy, 128 2003) [by MAC, EC on Toyopear| SuperQ —650M and EC on CM-
195-204 resn.
S hgk-chahn antbody fragm ent specific for P lasm od um S-H.Km et |Clnicaland Vacc e Recombhant PvR IIprote h purified by EC on Toyopearl
Mahkria 2007 |vivax Duffy bndhg proten al nmunobgy, 14 Q007) SP-650 and SEC on Superdex-75
726-731
p . Parvovirus B19 VLP vacc he m anufacturing D.Shely et |GEN, 29 @009) Sept 15 [HPVB19 vacche was purified by EBA and EC on Fractogel
alovirus 2009
al DEAE and Fractoge | TM AE.
Pertussis 2001 Efficacy of chem ically cross—Inked antigens for acelular (M. W atanabe |Vaccie, 19 Q001) 1199- [Fetuh-mmobilzed Toyopearl PT elted w ith 0.05 mol/L
pertussis vacc ine etal 1203 diethano lam he contanng 0.5 mol/L NaC |
Efficacy of pertussis com ponents in an acelular vacc ne, as|M . W atanabe [Vacche, 20 @002) 1429 [Purificaton ncludig Toyopearl AF-Heparin 650M
Pertussis 2002 |assessed h amurhe modelofrespiratory nfecton and a |etal
m urhe htracerebralchallenge model
Vacche for Aupszkie’s disease N/A Patent JPH05-246888 Porcne herpes 1 virus mem brane glycoprote n glil
PRV 1994 Purification using Toyopear|DEAE-650M and AF-Heparhn
650M
Staphy b- 2003 M ethods and com positns for production and purificaton |J.D. Coffman|PatentW /0 /2003/031471|Purification of rSAg ncudhng HIC on ToyopearlButy -
coccal of recom b hant staphy bcoccal enterotoxn B ((SEB) etal 650M and Pheny F650M and EC on Toyopear|SP-650M




0 Virus and Viral Vector Purification

TOSOH
C bss Year T itk Authors Joumal Summ ary
Ad . M ethod for the production and purification of adenoviral | S. zhang et US Patent 6194191 Purification of Ad5 by EC on ToyopearlSuperQ 650M ,
enovirus [ 2001 .
vectors al where SuperQ -650 show ed best capacity and recovery
Adenovius | 2007 Sorption process n bn-exchange chrom atography of E.L Trilsky et|J. Chrom atography, 1142 |[Adenovirus separation by EC. Referred to Toyopearl|
viruses al 007) 2-12 Super@-650M and Fractoge D EAE-650M
Adenovius | 2008 Chalkenges n producng viral vectors for gene therapy or [P.S. Chahal |[notapplicabk Purification of adeno—assoc iated virus ncudihg EC and
vector vacc he etal HIC on ToyopearlButy F650M
Vacc he for hepatitus A virus N/A Patent JPHO07-48277 Purification usihg ToyopearlDEAE-650M and Toyopearl
HVA 1996 HW =555 and HW —65S
M ethod for hfuenza virus protection P.Matpz et |PatentNo.W008006780 |ToyopearlHW-175 and other SEC reshs were packed n a
al HR 16/50 coumn to 100 m |bed voLm e and com pared for
hfuenza 2008 the ir separation profike and recovery. For all experin ents
SPG buffer 0.218 M sucrose, 0.0038 M KH2P0 4, 0.0072 M
K2HP0 4, 0.0049 K-gltam ate pH 8.0 +- 0.2) was used
M ethods for purify ng the rabes virus V.Fabre et [US patent20100260798 [hventor suggested grafted polym ethacry lte cation—
Rabies 2010 al exchanger would be better lke Fractoge [EMD S0 3-, which
suggests TOYOPEARL G gaCap S-650M may be applicabke
aswell
M ethod ushg on—-exchange and ge | filtration Y.Xong etal|PatentNo. W0 09100521 |For the purification of poxviruses, EG and SEC on
Small pox 2009 chrom atography for poxv irus purification Toyopear|HW series HW-65, HW-75) with a Tris-HC |
buffer €.g,5mM,10mM,15mM,20mM) ata pH of
betw een approxin ately 7.0-9.0 may be suitable.
Small pox 2010 Vacchi virus partices N/A P2010-507827 g;(r)’";lfbatbn ofviruses by AFG on Toyopear| AF-Heparin—
WestNike 2004 C hrom atographic m ethod to obtain highly enriched J. Ballntyne |A devron LLC Purification ofWestNike Virus DNA plasm d vacc he ushng
Virus supercoid DNA etal presentation Fractoge IDEAE and RPC
HV 4 2009 [M ethod for purify hg virus enve bpe S. bka US patent 20090042274 Pu(;ii;klzza(;cbn ofHVJ by EC, HIC on Toyopearl|Ether-650M
an




TOSOH

Vaccine for Aujeszkie’s Disease

JPH05-246888
Component vaccine
Porcine Herpes 1 virus membrane glycoprotein glll

(Procedure)
1) Solubilization of porcine Herpes 1 virus infected cell

2) AIEC to remove membrane glycoprotein gXx
* Toyopearl DEAE-650 or DEAE-Sepharose CL-6B

3) Heparin AFC to purify membrane glycoprotein glll
* Toyopearl AF-Heparin 650 or Heparin Sepharose CL-6B




o Hepatitus B Vaccine (Surface antigen)

TOSOH

United States Patent 4857317

HBsAg Structure

HBsAQ expressed by yeast

(Procedure)

1) PEG400 treatment
2) Ultrafiltration :
3) SEC on Fractogel TSK HW-55F

4) IEC on Fractogel TSK DEAE-650M

5) SEC on Fractogel TSK HW-65F
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0 Bordetella bronchiseptica(Bb) Toxoid

Pasteurella multocida(Pm) Toxoid

Mixed VVaccine

P2006-342175A

Animal vaccine

(Procedure)

1) Cellulose sulfide L

or Blue-dye AFC onToyopear| AF-Blue 650M,

* Cellulofine (GC-15) sulfide or Heparin-AFC
* Heparin-Sepharose CL-6B, Affi-Gel Heparin, Heparin-Cellulofine
or Blue Cellulofine

2) Sulfo-CIEC on Toyopearl SP-650M,
SP-Sephadex
3) SEC on TSKgel G3000SW, Toyopearl HW-75/HW-65
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TOSOH

o New Adjuvant Composition;

Allergen Derf 2 Vaccine

W0O2009/057763

To provide a vaccine adjuvant composition which is to be used in combination
with an allergen vaccine, an infection vaccine, a mucosal vaccine or a tumor
vaccine. An adjuvant composition which is to be used in combination with an
allergen vaccine, an infection vaccine, a mucosal vaccine or a tumor vaccine
containing hemozoin or B-hematin; and a vaccine composition which contains
the above-described adjuvant composition together with an allergen vaccine,
an infection vaccine, a mucosal vaccine or a tumor vaccine.

1) Silkworm body fluids Supernatant
2) CIEC on Toyopearl SP-550C
3) AIEC on Q Sepharose Fast Flow
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o Purification of Fully Activated Clostridium botulinum

TOSOH
Serotype B Toxin for Treatment of Patients with Dystonia

sl . L
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Separation of progenitor toxins by SP-Toyopearl 650 M cation-exchange column

chromatography. An ammonium sulfate-precipitated preparation treated with protamine was
applied to the column and eluted with an NaCl gradient. The HA activities of some fractions

were determined. {3, protein; & HA titer.

Ref.; H. Arimitsu et al., Infection and Immunity, 71(2003) 1599
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0 Peptide Vaccine; Recombinant
" Protective Polypeptide Antigen(rPPA)

P2000-279179A
Porcine vaccine

(Procedure)
1) Butilus vrevisCulture media
2) AIEC on Toyopearl DEAE-650M

3) Ultracentrifugation
 Millipore membrane (MW 10,000 cut)

4) Purity; 80%, Recovery; 45%
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o Vaccine for Hepatitus A Virus (HAV)

TOSOH

JPHO7-48277
Production of HAV over 95% purity

(Procedure)
1) Concentration by AIEC on Toyopearl DEAE-650M

- Removal of non-HAV specific proteins and host DNA
2) Purification by SEC on Toyopearl HW-65S + HW-55S
3) Inactivation of HAV
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TOSOH

Rabies Virus Vaccine
US patent 20100260798

(Procedure)

«Cation-Exchanger Fractogel EMD SO3-

 Except for the chromatography carried out on a Fractogel® EMD SO3- support where
the amount of virus found in the filtrate was about 5% of the total amount of virus
injected in the chromatography column, the amounts of virus found in the filtrates of the
other chromatography carried out on the other 3 supports (Capto™ S, SP Sepharose
XL and Toyopearl® SP 650) were between 80 and 99% of the total amount injected.
Accordingly, the harvested virus yields were very low (<10%).

» Therefore, the structure of the ligands as well as the matrix play an important role since
among all the strong cation exchanger chromatographic supports tested only the
chromatographic support with sulfoisobutyl ligands grafted onto a polymethacrylate
matrix gave good results.

Ultrafiltration (UF)
*Benzonase treatment

*Toyopearl GigaCap S-650M may be applicable as Fractogel EMD
SO3- as grafted ion-exchanger.
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TOSOH

Vaccinia Virus (Small Pox)

P2010-507827

Vaccinia virus particles

(Procedure)

*Prepurified and concentrated viruses
AFC on Toyopearl AF-Heparin-650M

(via surface protein A27 of virus)
* Washing with PBS, 0.1 and 0.15 mol/L NaCl
* Gradient elution of NaCl from 0.15 to 2.0 mol/L in PB (pH 7.2)

*Recovery of virus; 70-90%
Purity; DNA 60 % removed
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Adenovirus (Ad5)

TOSOH

US 2001-6194191

Method of the production and purification of adenoviral
vectors

(Procedure)
1) Single step purification by IEC on
Toyopearl SuperQ-650M

In addition to the strong anionic ion exchange chromatography, other
modes of chromatographic methods, were also evaluated for the
purification of ACMVp53 virus (e.g. size exclusion chromatography,
hydrophobic interaction chromatography, cation exchange chromatography,
or metal ion affinity chromatography). Compared to the Toyopearl Super Q,
all those modes of purification offered much less efficient purification with
low product recovery. Therefore, Toyopearl Super Q resin is recommended
for the purification of AACMVp53.
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= Adenovirus Ad5

o Conditions on Preparative IEC for

Concentration of NaCl (mol/L)

Resin Buffer PH Loading Elution
TOYOPEARL SuperQ-650M|0.02 mol/L Tris-HCI 9.0 0.3 2.0
Fractogel DEAE-650M 0.05 mol/L HEPES 7.5 0.3 0.6
Fractogel DEAE-650M 0.05 mol/L PBS 7.5 0.3 0.6
SOURCE 1Q 0.05 mol/L Tris-HCI 8.0 0.0 0.75
Q Sepharose XL 0.05 mol/L Tris-HCI 8.0 0.0 1.0

Data was modified from J. Chromatogr., 1142 (2007) 2
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TOSOH

Hemagglutinating Virus of Japan
(HVJ)

US 20090042274
Production of HVJ at higher recovery IV

(Procedure)
1) AIEC

2) HIC on Toyopearl Ether-650M

* Elution on Phenyl or Butyl HIC resin is too hydrophobic for
adsorption and elution. (Mild HIC resin is required.)

3) SEC
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