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Céac the hé cua Vac xin

Phan loai nhw thé nao ?

Viral
vector

Khéang
nguyeén:

vaccines ne pa

the formofaviru

cell
gﬁﬁl“tﬁﬁ“ W‘-‘l‘lﬁ'ﬁﬂ.

AstraZeneca
L)
OXFORD

Newer and novel vaccine approaches
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Killed or
attenuated
virus

i

Killed/inactivated virus
vaccines are being
developed by Chinese
and Indian companies

WVAvalneva

to progress due to
difficulties in production
and attenuating
(weakening) the virus

b -
5.
SANOFI

COVID-19 vaccine platforms - The Melbourne Vaccine Education Centre (MVEC) (mcri.edu.au)



https://mvec.mcri.edu.au/references/covid-19-vaccine-platforms/
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Dic diém cu thé cha Liéu phap gen va
vac xin thé hé tha 3 \\// Malvern

Panalytlcal
Muc tiéu la hé gen company

®Tai 'khang nguyén' trén cac hat nano *Khi cac quy trinh dwoc phat trién dé
gidi quyét nhirng chi tiét nhirng van
* Phwong thirc hoat ddng phirc tap - co dé cu thé nay, vac xin nano cé thé
ché xam nhap té bao khdng hoan dworc san xuat hang loat véi chat
toan ré rang lwong 6n dinh va nhat quan cao.
*mRNA rat dat

*Kién thirc han ché vé sy 6n dinh cla
phan tw

®Yéu cau quy dinh vé liposome

Confidential Document



Confidential Document

Nhirng giai phap cua Malvern Panalytical

giup tang gia tri cho liéu phap gen / phat AN vern
triéen vac xin ///M:Aa?ytlcal

company

T6i wu hoa hiéu qua sén pham, thoi han s dung va thoi gian
dwa ra thi trvong

. Zetasizer Ultra — Dé xac dinh ndng dd hiéu gia vdé boc AAV (adeno
associated Virus) Virus két hop Adeno.

- NanoSight NS300 — Doi véi kich thwéc va néng do cla vi rat va hat nano
|&n hon.

- PEAQ DSC - DBé kiém tra dé n dinh nhiét ciia cAc mau vi rat.
- OMNISEC — Ddi v&i cac phép do SEC-MALS va xac dinh AAV réng / day
du.
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Lipid
NanoParticles
(LNPs)

Hat nano Lipid

\\\// Malvern

W Panalytical
\\\\\\\\\\\\\\\\\\ El spec¥s company




Confidential Document

Quy trinh mMRNA-LNP \\\// Malvern

% .
Céac bwde chung dwoc thwe hién trong quy trinh phu thudc vao \\\\\\\\\\\\\Panelytum:?!

nong do thanh phan, ty 1& trén, tdc dd dong chay, v.v..

Thanh loc va téi wu héa liéu lwong

Tron chat ldng Trao ddi dung Thay dbi néng Lol i R6t day va két

(microfluidics : n n .
hoac tlly chinh) dich dém do thic
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Pac tinh chat lwong san pham
Cac ky thuat phan tich dwoc ap dung  rabies

Assays to determine and monitor mENA drug substance and mRNA-LNP drug

Liposome Drug
Products

Chemistry, Manufacturing, and Controls; Human
Pharmacokinetics and Bioavailability; and Labeling
Documentation

Guidance for Industry

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

April 2018
Pharmacentical Quality/CMC
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product quality attributes and stability."

Assay™

Attribute

Characterizing DNA templates and
RNA transcripts

DNA template sequencing/mRNA
sequencing

UV spectroscopy (A260 nm, A260/A280,
A260/A230)

Fluorescence-based assays (e.g., residual
DNA)

Agarose/acrylamide electrophoresis

Reverse transcriptase gPCR

Western blot for dsRNA

mRNA capping analysis

mRNA polyadenylated tail analysis

Chromatographic assays: RP-HPLC, SE-
HPLC, IP-HPLC and IEX-HPLC

Characterizing mRNA-encoded
translation products

In vitro translation - cell free medium

Messenger RNA evaluation using various

Characterizing mBNA-lipid complexes

Identification of mRNA
Quantification - purity dependent
Quantification — purity dependent

Molecular mass, RNA integrity and
quantification

Identification and quantification of
mRENA

Quality assessment

Quality assessment

Quality assessment

Quantity and quality assessment

Translation into target protein
Translation product analysis and

DLs

Laser Doppler electrophoresis
NTA/TRPS

SE-HPLC(-MALS)

Particle size (distribution)

Zeta potential

Particle size (distribution)

Particle size distribution; assessing

Microscopy (erye TEM, ESEM, AFM)
Gel or capillary electrophoresis
Chromatographic assays: RP-HPLC, SE-

HPLC, IP-HPLC and IEX-HPLC / mass
spectrometry

Fluorescent dyes

GO M GOU TN

Nanoparticle morphology, particle size
(distribution)

Assessing bound/unbound mRNA and
surface charge

Quantification and integrity of lipids
and/or mRNA; for some: assessing
bound /unbound mBNA and molar mass
Encapsulation efficiency

Appearance, pH, osmolality, endotoxin
concentration, sterility

1 Adapted from Poveda et al, 2019: Muralidhara et al., 2016; Fan et al., 2021;
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International Journal of Pharmaceutics

journal homepage: wiww clsevier comvloastelipharm
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Coéng cu dé phan biét giira cac cong thirc N/ maivern

- p . N\ i
Céc lipid 6 thé ion héa khac nhau anh hudng nhu thé nao dén sw hinh thanh S\ Panalytical

LNP?
CQA chinh: Kich thwéc va phan bd kich thuwédc (Z-Average va PDI)

Size Distribution by Intensity

S6 aliquots /ban | Z-average (nm)
sao

LNP1 1/5 88 + 2
LNP2 1/5 115+ 9

Intensity (Percent)
[e=]

T . | . LNP1 < LNP2

10 100 1e+03 1le+04
Size (d.nm)

DLS (NIBS) néng d& chudn mRNA-LNPs trong PBS
LNP1 1, , LNP2_1, LNP2_2
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Cﬁng thirc cua LNPs @ \\\// Malvern
Danh gia su khac biét vé& dién cuc gita cac cong thire o] SN\ P2NAlytical

Méu

En Thé Zeta (mV) -19.7 1
Po6 dan dién (mS/cm) 16.7 + 0.6

LNP 2 The %eta (mV) 55+£2
D6 dan dién (mS/cm) 16 + 0.2

Dung dich dém: 1x PBS pH7.4

LNP 1 tich dién am nhiéu hon LNP 2 & pH trung
tinh
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Patented by MP

Phwong phap
phap truyén Diffusion
théng~750  barrier fill
uL ~20-50 L
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Zetasizer Ultra — Gia tri mang lai

Tang hiéu qua t6i wu hdéa quy trinh va mé rdng quy mo

- Trong mét phép do Zetasizer Ultra mang dén:
- Nong dd / nang suat Capsid(con dwoc goi la sb lwong capsid hodc hiéu gia
hat virus)
- Kich thwéc Virus
- Von cuc
- D6 6n dinh

- Phép do:

- Nhanh. Th&i gian do chi tr 5-10 phut.
- Thé tich mau thap. Chi yéu ciu téng thé tich mau I1a 20 micro lit.

- Khéng pha hay mau. Mau c6 thé dwoc st dung lai cho cac xét nghiém khac.

- CO d6 tai lap. Két qua ndng do thwérng nam trong khoang dd 1éch chuén 10-
15%.

- D& danh gia chat lwong nhanh chéng chat lwong clia cac mau vector
Virus.
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Théng tin cau truc bang DSC N/ malvern

, £ , . . W Panalytical
Tinh nhat quan hang loat ciia HOS A\ Fanaytical
LNP2 batch 1 run 1 and 2 LNP2 batch 1 and LNP2 batch 2 o
0.4 0.6 1
0.3 . 0.5
~
& 0.2 0.4 ®
= 0.1 %5’ 0.3
g O g o
0 , o 0.2
01 0 20 60 80 ' 100 120 O
-J. 0.1
’n d | Temperature, deg C
M ]
' L4l ——LNP2run1 ---LNP2 run2 0
. ]. Lgf* %Y o 400 60 80 120
P ——t - ' -JU.
g }/ % s Temperature, deg C

—LNP2 batch1 —LNP2 batch 2

« Su khac biét vé dinh tinh va dinh lwong dwoc xac dinh gilra cac cau hinh DSC clia LNP2 16 1 va 16 2

« LNP216 2 dwdng qhu co cau hinh boc 16 thét phl}c‘tap’ hon.
 Thay doi thanh phan va tang tinh khéng dong nhat vé cau tric trong mau?
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Adeno-
Associated
Virus
CAVANY)

Virus két hop
Adeno
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Cac phwong phap phan tich dé A\ Panalytical
nghién cwru cac dac tinh cua AAV

Tong quan vé cac thudc tinh AAV va cac phuong phap phan tich da chon da dugc danh gia:

+ DSC + SEC-MALS « SEC-MALS \\\\//
Malvern

1 -
- N Panalytical
MADLS AUC 1@&\\\‘\\ a 5PE-I:¥5 ""-'!'ll.'"_.'
ELISA . Combi: qPCR?+ ELISA?

1/2/3 - S dung mot phén cac cong tac vién bén tha 3

Critical attributes

High throughput?

Do orthogonal
methods lead to
same results?

Stability indicating?

Stability prediction?
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Qua trinh phat trién va san xuat vecto virut N/ maivern
Nhidu don vi hoat dng va qua trinh trung gian N\ Panalytical
Hiéu gia

virut

Quy trinh
nguwoc dong
trong 16 phan
trng sinh hoc
Mé& rong té
bao, chuyén

nap va thu

hoach

PED 19 ‘ UF/DF loc
lysate / moi TFF va loc VO triing
trwong

I

-
2 |

Cac tpng suat lién quan dén quy trinh: thay déi pH, mudi, méi trwérng, cat, dong lanh / ra dong. Nguy

co’ phan hu
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Chi 5 phut phan tich ve san lwgng va do tinh khiet "\, maiver

. e \ Panalytical
Dir liéu Allergan N\ Fanalytical

101 1013 - 10
15- 1o ¥ ) 20+ 10t 20+ 53 -
£ 7 100 £ 310m S E -
g% 101 £ E1on £8
EE 108 E3 100 g H
SE 100 - SE 100 o S Z1om
§1u_ 38 ;?15 v§~951|:|7 315
=del 10° , e 108 =
= 108 . o = 108 , . = 10 100 1000
10 100 1000
ﬁ Size (d. nm) - E 10 - ® Size1(‘cT nm) o ‘E 104 . Sestdnm
< 65- 2 £
= c =
= 5 £ s
0 — A /A W— J 0
0 —an
10 100 1000 10 100 1000 10 100 1000
Size (d. nm) Size (d. nm) Size (d. nm)
— ATCC A8V Radd [Steady miwla] — ATCC AAYT B2 [Sleedy Tisba| — ATCC A2 ] [Shandy duin] — SAY zample 1.1 |Steady deln] — Y cuniple 1.3 [Steady dain] — ARV zample 1.3 | Stasdy chaba|

— aAV SRk 2 [l k] m— AW senl 22 |Shemly cinie]

https://www.malvernpanalytical.com/en/learn/knowledge-center/application- P 0 4
notes/AN180608AdenoVirusConcentrationMADLS .html l4d
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https://www.malvernpanalytical.com/en/learn/knowledge-center/application-notes/AN180608AdenoVirusConcentrationMADLS.html
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OMNISEC sac ky loai trir kich thuwéc da
dau do \\\// Malvern

e e e . \ '
Céng cu Mo ta dac tinh dd phan gidi cao, linh hoat \\\\\\\\\\\\\\Panaplytlgﬂ

- Céc thudc tinh chinh c6 thé duwoc do lwérng bang OMNISEC cho rA

Tong hop, trang thai

oligomeric & Phan i 3
. manh Do on dinh cua mau
Trong lwong phan »

e o » 2T (LA Capsid/DNA Mw
Mn)

Hiéu gia Capsid ’
Do tinh khiét % Full rAAV
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> N =
Ti lé Filled/Empty Toan bo \\\// Malvern
: W\ Panalytical
MNOnomer \\\\\\\\\\\\\\ a spec¥s company
boéng tu hp:ghO’p Monomer Aggregates
\ / 0
T Mw (g/mol) 4.49x10 9.74x106
£:) 140 total
[ Mw/Mn 1.00 1.215
: [/ o [ Fraction _
| il - protein (%) gle
[/ n g Mw (g/mol) 3.89x106
\ capsid 7.24x10°
/] _ 0 £
// \ X e o
£ % Mw (g/mol) .
gy —) //\\ \ T sSDNA 0.13x10 2.49x10°
P AN N
~ i S = N E— T
T 0
e i Frac. of
70 75 80 85 90 95 100 105 110 R‘;t:nﬁo;%&um;{&) 130 135 140 145 150 155 160 165 Sample (%) 93.2 7.0
- Full AAV% calculation assumes Full or empty virus Full AAV % 78.1 -

Téng Titre (don phan va déng tu) = 7.48x1013

3.9%RSD

Hiéu gia
Virut

Tilé

Full/empty
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DSC la céng cu dworc thiét lap tot dé xac Y // Malvern
dinh dac tinh va phat trién cac san pham OQ\ Panalytical

dwa trén vi rut

Cac san pham sinh hoc dwa trén vi rat dwoc dac
trwng voi DSC .

Ban d6 6n dinh nhiét

» Polio virus strains S
] : . Tm2 Pac tinh cua cau tric
» Rabies virus A AT thr tw cao hon
> Influenza virus strains il I \‘x_ﬂ/w\\m»-mummm-w
> Papillomavirus ' f'\ \
> AAV & Adenovirus 17 A A=
> Newcastle disease virus £ 1 N -
> Norwalk virus S I !\
» Tobacco Mosaic virus ' /|
Y [ N —

Temperature (°C)

Figure | DSC thermograms of three different strains of active influenza
virus

i
o ' ’
g4 1 Tino Krel et al. Biotechnol. Appl. Biochem. (2005) 41, 241-246
{ A r N |

.
P —

=Y
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Phuong phap phan tich nghién ctru sw thao xodn clia\y/ Mavern
protein capsid NN\ Fanayica

T = 0d so véi 4w: khong phat hién thay tadc dong clia ing dung (ng suat nhiét doéi véi Tm & Ton clia AAV-5 trong bat ky dung f 6 f

dich dém nao (dugc xac nhan bdi NanoDSF)

- Khéng 6n dinh ru . t

T = 0d: hiéu qua &n dinh khac nhau cla dém trén AAV = Tm & Ton: véi Ref = thap nhat, véi FO1 cao nhat (dugc xac nhan bai

NanoD$F) - phu hgp vdi cdu hinh 6n dinh cGia SE-HPLC cua cong thidc & t = 4w = tiém nang dy doan?
160
1404 ™ —
— 120__ Sample Sample
v
= 1004
E 50 AAV_Reference buffer AAV_Reference buffer
E i AAV_Formulation FO1 AAV_Formulation FO1
;5_ 50 AAV_Formulation F02 AAV_Formulation F02
40'_ on Két qua DSC cua AAV-5 trong dd dém Ch‘uén, coéng thire FO1 va FO2 trude (t = 0d) va sau (t
20 l = 4w) (rng dung ng suat nhiét trong 4 tuan 40 ° C; n = 1.
0] e L__mw
I T 1 T I T 1 T 1 T I T 1 T T
70 75 80 85 90 95 100 105

Temperature (°C)

DPuwdng cong nhiét dung clia AAV-S trong dd dém chuan ’gruc’yc (t=
0d, xanh luc) va sau (t = 4w, hong) khi (rng dung (rng suat nhiét trong
4tudn40°C (n = 1).
NON:CONFIDENTIAL
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Tong ket
> 10 Ty liéu vac xin dworc tiém trén toan thé gidi trong 14 thang
qua, 70% da st dung LNP hoac AAV

- Malvern Panalytical cé vai trd quan trong trong viéc phéat trién
cac doi méi quy trinh can thiét dé cung cap dot tiém chung I&n
nhat trong lich st

Panh gia dé tinh khiét nhanh chéng
Toi wu héa vecto
Dam bao chat lwoeng nhanh chéng va dang tin cay

- Tat ca hién co san dudi dang dich vu théng qua phan tich hop

dong Thwong hiéu CLS clia Malvern Panalytical - cung cap kién
thire chuyén moén trong nganh két hop voi cong nghé tién tién
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Necessity is the
Mother of Invention

Plato

May 19, 2022
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OMNISEC cho rAAV

Cbng cu mo ta dac tinh d6 phan giai cao, linh hoat

u. \N
i ‘ N\
Refractive Index UV/Vis PDA Light scattering
Nong doé

. l s ___ Khoi lwong phan
Thanh phan tir tuyét doi

- Khoi Irgng phén tir tuyét doi khéng phu thuéc
vao thé tich giwr c.:c_“)t hoac be?t ky chat chuan nao
dwoc str dung dé hiéu chuan hé thong
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- Phan tich thanh phan:
- UV 260nm — DNA
- RI — Capsid va DNA
Nong dé
- Concpya - mg/mL of DNA
+ CONCcapsig - MY/ML Tong ndng do
capsid
Tong Mw
‘ I\/IWCapsid
- Mw DNA - khong dwgc dung cho phan

tich . |
Tong ndng d6 hat AAV
Crotar = (ConCCapsidNA)/(MWCapsid)

Tdng néng dod hat AAV day du
Cfull = (ConCDNANA)/(MWSeq DNA)

Tbng ndng dod hat AAV réng
CEmpty = Ctotal — Cfull



