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Advanced Functional Materials, 31(27), 2101410
Journal of Materials Chemistry B 8 (33), 7413-7427
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Cas9 scFv
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PPAs LIGAGUARD™ FOR CRISPR-CAS9 PURIFICATION
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T &p? Cas9: 1.01 mg/mL (94.5%) =
I “U Cas9: 0.75 mg/mL Ppas HCPs < 0.06 mg/mL 025
\ | Ppas HCPs: 1.1 mg/mL (75 CVs) o ' ' ' ' ' .
L— Glycerol: 5% v/v 0 25 50 75 100 125 150
0:81.6 mS/cm Load (CVs)
High Immunogenicity
F Cleared Ppas HCP classes \ 37
A. Proteases: Proteinase A, Peptidase Al, ... 5 % 35
1
B. Immunogenic: Plasma Membrane ATPase, 60s Ribosomal protein, ... - 3
Proteases
C. CHO Homologs: Histone H3, Thioredoxin, ... RGN,

D. Immunogenic Proteases: Lysophospholipase, Aspartic protease, ...

E. CHO-Homolog Proteases: Aspartyl protease, Ubiquitin-specific protease
97
Homologous to CHO

CCHO Homologous Immunogenic Proteases: Lon protease homolog, ... J
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Cas12: 1.05 mg/mL; E. coli HCPs: 3.12 mg/mL oo cietile + ' X RERAS
pH: 7.3; 0: 7.5 mS/cm L = = +° L 4 175
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i @pyﬁ*‘] Cas12: 0.97 mg/mL (93 %)
u Arl‘l U cas12: 0.87 mg/mL Ppas HCPs: 0.09 mg/mL '
[N £ coliHCPs: 2.8 mg/mL (75 Cvs) R
V pH: 6.75; o: 88.1 mS/cm Load (CVs)
A.
4 Cleared E. coli process-related impurities ) (112, 103)
A. Proteases: Aminopeptidase N, Lysine decarboxylase, ...
B. Toxins: Lipopolysaccharide (LPS), ... B. - E. F.
C. Metabolism/biosynthesis: Pyruvate Dehydrogenase, Pyruvate kinase |, ... (569, 523) (92, 82)
D. Immunogenic: Enolase, Flagellin, ... D
E. Immunogenic Proteases: Pyruvate Dehydrogenase and Pyruvate kinase | (132, 245)
F. CHO-Homolog Proteases: Xylanase, Aspartic protease, ... T intion/t T —
) ranscription/translation Regulators,
G. CHO Homologous Immunogenic Proteases: Glyc-3-P dehydrogenase A, DNA processing, Protein Transport, etc.

Eeat shock protein 60, ... ) (635, 576)

Ppas HCP LRV
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SMART - STERICALLY-MODULATED AFFINITY BY RNA TRIGGER

apoCas9 and E. coli proteins E. coli proteins

S ;ﬂgg Clearance of

5 P4 A Clearance of
10 - ‘ " incorrect Cas9:gRNA
+ B Peptide V - NEB buffer 3.1
1 + [J Peptide V - NEB buffer 3.1
] ‘# +250 nM gRNA
51 # @ Peptide XI - NEB buffer 3.1

> Peptide XI - NEB buffer 3.1
+250 nM gRNA
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SMART - STERICALLY-MODULATED AFFINITY BY RNA TRIGGER

10 4

B Peptide V - NEB buffer 3.1

: + [] Peptide V - NEB buffer 3.1
! +250 nM gRNA
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Recovery of
Cas12:gRNA RNPs
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‘R’ LngTrQ p® LIGAGUARD™ FOR VIRAL VECTOR PURIFICATION

& HEK HCPs Full AAVs Empty AAVs
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NN~ Empty-rlch peak  Full-rich peak
Load (CVs)
Cleared HEK293 HCP classes A
B. (462, 425)
A Apoptosis regulators: Caspases, Kinases, . (81,76) C.
B Stress response: Heat shock proteins, mitogen-activated kinases, (569, 523)
C Proteases: Cathepsins, Carboxypeptidases, Matrix metalloproteases, .5 D.
Serlne proteases, Serpins, Cystatins, ... i| (289, 245)
........................................................................................... e Cell metabolism, biosynthesis,
D Chromatin regulators: Histone cluster members, histone deacetylase, E. Transcription/translation Regulators,
3 Lysine demethylase / T bk e {] (192,186) DNA processing, Protein Transport,
E. Chaperones: Clusterin, Peptidylprolyl isomerases, Proteasome assem., F etc. (1435, 1289)
F. Lipid degradation: Lipases, Lipoprotein lipase, Phospholipases (81, 68)
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- Lentivirus -
Lv
(VSV-G or full envelope)

DBCio%: 5.8:109 - 1.2:1011 TU/mL

El: 4.7-107 - 1.1-10°TU/mL
0.2 NaCitr + 0.5 M MgCl, pH 6.5
0.15 M NaCl in PBS, pH 6.0

Yield: 57 - 68% (qPCR)
Yield: 46 - 58% (TA)

HCP LRV: 1.75 - 2.01
pPDNA LRV: 0.92 - 1.62
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LENTIVIRUS PURIFICATION IN BIND-AND-ELUTE MODE

H 6 5 HEK293 HCP
;Aog — K ""~ p DBCio0%: 4.5 0.3 -1010 TU/mL 10 ®
T L [ e
000 Cau obil { .2 NaCitr + 0. ), . 2
PLenty - SE .. : P § o
41 1500 . ey Yield: 62.0 * 3.5 % (qPCR) g
1000 ; Vodt Yield: 57.1 + 2.8 % (Transduction) . Lvs
50 ¢ HCP LRV: 1.81 £ 0.23
% - 52 o pDNA LRV: 1.62t0.05 202468101214 :51520222‘26383E32
-10 o 0 20 30 40 50 60 70 RTime (mns)
AU JOT wno| HEK293 HCPs s HEK293 HCPs
T " ~. pH 6.5 DBCio%: 1.8 + 0.2 -109TU/mL N s
200) = El: 6.7 £ 0.9 - 108 TU/mL s |l ’
o] ' 0.2 NaCitr + 0.5 M MgCl,, pH 6.5 .
PLenty ™ _ ’ s
42 500] Yield: 59.1 £ 0.6 % (qPCR) _ I |y
o] Yield: 50.6 + 1.0 % (Transduction) 8 Pee—mn
il HCP LRV: 1.73 £ 0.3 .| Plenty# Plenty #2
\:“D - - 3 o pDNA LRV: 1‘32 i 0‘20 2024588 ‘.DR{i—':;:;i::}Z\JEH % 26 20 32 20246318 ‘-0;;{;‘12;&9@220 2628 0 R
o0 p— R PH 6.5  DBCiox: 6.2£0.4-10°TU/mL Plenty #1 Plenty #2
- \ et LT El: 5.8 +0.2 - 108 TU/mL
sival ..__a' ‘- i 0.15 M NaCl in PBS, pH 6.0
Plenty ™ _ boi ,
1500+ { i “ Yield: 57.8 £ 4.5 % (qPCR)
#3 oo | g R Yield: 51.2 + 3.8 % (Transduction)
o] ’ \ J HCP LRV: 1.79 £ 0.1
¥ b R . PDNALRV: 1.48 £ 0.07
10 0 0 20 E 40 50 €0 i
mAU snte,
3000 DBCio%: 1.8 £ 0.6 - 10°TU/mL Plenty #3 Heparin

2500

Heparin =
Poros ™

El: 6.7 £ 0.6 -107TU/mL

0.35 M NaCl in PBS, pH 6.0

Yield: 57 £ 0.6 % (qPCR)

Yield: 56 + 0.5 % (Transduction)
HCP LRV: 1.38 + 0.05

pDNA LRV: 0.92 £ 0.07

1000

500
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- Adenoassociated Virus -
AAV1 - AAV12 (VP2-VP3)
rAAV2, 6, 8 and retroAAV2

DBCio%: 5:1013 - 3:1014vp/mL

El: 2.1-1013 - 7.5-1013 vp/mL
0.5 M MgCl,, pH 6.5
0.1 M Arg in PBS, pH 6.8

Yield: 65 - 81% (ELISA)

HCP LRV: 2.14 - 2.85 (ELISA)
pDNA LRV: 1.51 - 1.92
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" i 10.5 M MgCl -
200" 17 pH6.8 El: 3.82 + 0.31 - 1013 VGs/mL |
= Yield: 52.4 + 1.4 % (qPCR) 5
AAV5 Yield: 48.5 + 1.1 % (Transduction) ?-5
o0 HCP LRV: 2.81 £ 0.08 : HE293 Hepe
so0| 1 LA_ pDNA LRV: 1.51 +0.15 Attt
-20 0 20 40 60 80 100 0 R‘ﬁm:o(mins) 40
I } . as AAV
=t 5o |
15001 ‘ , gtsr
500 ‘ | 98 | HEK293 HCPs
ou.zo o} 20 »x”daow 60 80 100 &V o 0 20 W
R.Time (mins)
) [ S “'-_0.5 M MgCl;
20| 1 i3 pH6.8 El: 3.82 + 0.13 - 1013 VGs/mL
2000;5 ? ; ‘0..3. I Yield: 68.2 i 1.4 % (qPCR)
AAV9 o || ’ Yield: 48.3 + 0.6 % (Transduction)
o0, 4 HCP LRV: 2.88 + 0.12
ol
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- Adenovirus -
Ad5

Ad17, Ad11, Ad35
DBCi0%: TBD

El: 3.1-108 - 7.1-:108 TU/mL
0.35 M NaCl in PBS, pH 7.4
Yield: 22 - 43% (ELISA)
Yield: 13 - 22% (qPCR)
HCP LRV: 1.55 - 2.05 (ELISA)
pDNA LRV: TBD
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NC-VVIRAL: An Academic-Industrial Partnership in
the Research Triangle to Forge the Next-Generation
Biomanufacturing of Gene Therapy Products
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NC-VVIRAL: A Technology Foundry for VV Manufacturing

TB1: Disease-specific TB2: Patient-specific - = TB3: Vaccines against
Viral Vectors Vectors (e.g., CRISPR) Global Pandemics

Y e
RT 1: Gene Vector ! < .
Engineering A vl N .
S L 3

@’ RT 2: BioProcess
Engineering

RT 3: Sensors and
v~ Analytical Technology

ﬁ?&%’; RT 4: Data Science &
"pi:f:' Artificial Intelligence

&
ﬁﬁl}z RT 5: Automation &
*&% Industry/Organizational
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=

W24 Formulation vB-Cell
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Co-founders:

Y’aII come VISIt ya hear?!?
Inauguration: July 22nd, NCSU Centennial Campus, EB3 - 4025
Contacts: smenega@ncsu.edu & mdaniel6@ncsu.edu
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- Summary -

Qmax | DBCi0% (RT: 2 min): 14.7 | 13.8 g Cas9 per L resin
Protein yield: 87.5 - 92.3%
Concentration factor: > 23-fold
E. coli HCP LRV: 1.85
E. coli DNA LRV: 2.01

Residual ET: 893 + 54 EU/mL (LRV ~ 2.23)
(0.05% Triton X-114)

NC-VVIR
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4 - Summary - )

Qmax | DBC10% (RT: 2 min): 11.2 | 10.4 g Cas12 per L resin
Protein yield: 62.4 - 66.0%
Concentration factor: > 25-fold
E. coli HCP LRV: 0.91
E. coli DNA LRV: 1.87

Residual ET: 3664 + 138 EU/mL (LRV ~ 1.72)
(0.05% Triton X-114)
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4 - Summary (AAV2) - )

DBCio%: 23 - 25 g HEK293 HCPs per L of resin (RT: 1 min)
25 - 28 g/L (RT: 2 min)

HEK293 HCP LRV: > 2 (25 CVs)
>1.5 (75 CVs); > 1 (100 CVs)

HEK293 DNA LRV: > 1.55 (25 CVs);
>1.25 (75 CVs); > 0.55 (100 CVs)

pDNA removal > 75% at 50 CVs (no benzonase)
Product Yield: > 96% VGs; > 67% VPs

Full/Empty (10 - 13 mS/cm):
11.3/88.7 - 24.5/75.5 (feed) > 33.5/66.5 - 40.1/59.9 (feed)

Transduction activity: 45.7 - 61.0% - 42.1 - 59.9%
\_ (%GFP* HuH7 cells at 105 vg/cell) )
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s - Summary (Ad5) - )

DBCio%: 24 - 27 g HEK293 HCPs per L of resin (RT: 1 min)
24 - 28 g/L (RT: 2 min)
HEK293 HCP LRV: > 1.75 (25 CVs)
> 1.6 (75 CVs); > 1.25 (100 CVs)

HEK293 DNA LRV: > 1.55 (25 CVs);
>1.25 (75 CVs); > 0.55 (100 CVs)

pDNA removal > 83% at 50 CVs (no benzonase)
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NC-VVIRAL: A North Carolina Network

1990s Mid-2000s 2009 - AskBio
Manufacturing of >50 companies in NC on Opens in RTP on Gene
Biotherapeutics begins in Antibodies and Protein Therapy Manufacturing
North Carolina Therapeutics

2020s
20+ Gene Therapy
Manufacturers in NC

1993 - UNC-CH 2002 - NCBiolmpact 2007 - NCSU
Opens Gene Therapy Center 2004 - BioNetwork Opens BTEC

A\ striclebio....,u,__% "

TAYSHA

¥15 0101011 GENE THERAPIES """ teewen,
............... p’@

PRECISION

Cﬂdﬂz.ﬂ/a el BIOSCIENCES

72 .
& -

FUJIFILM =E ) “KRIYA

Diwsynth T / THERAPEUTICS

biotechnologies

~=§~KBI brlcjge
@ Gene Therapy Manufacturing in the Research Triangle Region

>20 companies >2,700 employees ~ >5,000 jobs announced
>8M Ft.2 Facilities >500 patents >$4B investment
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ADENOVIRUS PURIFICATION IN FLOW-THROUGH MODE

Apoptosis regulators
Stress response (328, 295) 759 |
(95, 81) - i,
X
g $ i o g z z
. Proteases, Hydrolases, etc. § 50% | @ i 15 : :tl
Chromatin (623, 603) 2 CP 5:) L1 E
regulators o
(184, 166) 2 ¢ é ° 1
Chaperones. 25% 1 0 8 o L 0.5
(89, 79) Cell metabolism, Biosynthesis, El] - 0.5
F Transcription/translation regulators, o
(66,57) DNA processing, Protein transport, 0% - 0 Lo
etc. (1225, 1158) 0 25 50 75 100 125 150

Load (CVs)
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AAV PURIFICATION IN BIND-AND-ELUTE MODE

clution: 0.5 M MgCh, pH~ 3.0 -

\ = e ‘
.
u 130 | | | = B!
' L ‘ ‘ | = '
i 100 ' '
400+ | S " )
| | |
/ {
- \ |
m
. s ol o] i el |
oy = = { 1 ! A
91 Teqe Sample Application Column Wazh "Elugion = o & BN TSsmple Applicabion | T8 Biton-—avert C storsge
0 ) %0 20 04 W nmoow s wo ™ 20 ) 40 i % 100

o |
AAVx-Poros ABV-Sepharose

Elution: 0.5 M MgCl, pH 6.5

i\ — o
Eq.. | Ssmple Apphcabon | [Column Wash | | Eutidn eotommete— B Sample Aplicaton | Columnn Wazh Elubdn ectormrer—— :
5 15 ) 5 . % X _— P » : 3 po 0 ml
0 % % 5 " ” % .

LigaGuard — AAVidity AAVidity HuH7 cells at 105 vg/cell
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ADENOVIRUS PURIFICATION IN BIND-AND-ELUTE MODE

0 10 20 30 40 50 60 70 &V

El: 3.7 £ 0.53 - 108 TU/mL
0.35 M NacCl in PBS, pH 7.4
Yield: 26.1 + 4.43% (ELISA)
Yield: 19.8 + 2.22% (qPCR)
HCP LRV: 1.55 + 0.07 (ELISA)
pDNA LRV: TBD
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AAV PURIFICATION IN BIND-AND-ELUTE MODE
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