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RETHINK BIND-&-ELUTE

Chemical Engineering Journal, accepted (07/2022) 
Advanced Functional Materials, 31(27), 2101410 

Journal of Materials Chemistry B 8 (33), 7413-7427

pH 6.5 - 7 
MgCl2

Viral Vectors

CRISPR-Cas 
Ribonucleoproteins
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RETHINK FLOW-THROUGH: LIGAGUARDTM

FUNGALBACTERIAL

MAMMALIAN

E. coli cells

Cas9 
Cas12a 
Cas13

P. pastoris cells
scFv 
Cas9 

Cas12a

mAbs 
Blood Factors

CHO cells

HEK cells

Vero cells

Ad, AAV, LV, …
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PPAS LIGAGUARDTM FOR CRISPR-CAS9 PURIFICATION

Cas9: 0.75 mg/mL 
Ppas HCPs: 1.1 mg/mL 

Glycerol: 5% v/v 
σ: 81.6 mS/cm

Cas9: 1.23 mg/mL; Ppas HCPs: 1.86 mg/mL 
Glycerol < 0.1 mg/mL; σ: 7.5 mS/cm

Cas9: 1.01 mg/mL (94.5%) 
Ppas HCPs < 0.06 mg/mL 

(75 CVs)

A. Proteases: Proteinase A, Pephdase A1, … 

B. Immunogenic: Plasma Membrane ATPase, 60s Ribosomal protein, … 

C. CHO Homologs: Histone H3, Thioredoxin, … 

D. Immunogenic Proteases: Lysophospholipase, Asparhc protease, … 

E. CHO-Homolog Proteases: Aspartyl protease, Ubiquihn-specific protease 

F. CHO Homologous Immunogenic Proteases: Lon protease homolog, …

Cleared Ppas HCP classes
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E. COLI LIGAGUARDTM FOR CRISPR-CAS12 PURIFICATION

Cas12: 0.87 mg/mL 
E. coli HCPs: 2.8 mg/mL 
pH: 6.75; σ: 88.1 mS/cm

Cas12: 1.05 mg/mL; E. coli HCPs: 3.12 mg/mL 
pH: 7.3; σ: 7.5 mS/cm

Cas12: 0.97 mg/mL (93 %) 
Ppas HCPs: 0.09 mg/mL 

(75 CVs)

A. Proteases: Aminopephdase N, Lysine decarboxylase, … 

B. Toxins: Lipopolysaccharide (LPS), … 

C. Metabolism/biosynthesis: Pyruvate Dehydrogenase, Pyruvate kinase I, … 

D. Immunogenic: Enolase, Flagellin, … 

E. Immunogenic Proteases: Pyruvate Dehydrogenase and Pyruvate kinase I 

F. CHO-Homolog Proteases: Xylanase, Asparhc protease, … 

G. CHO Homologous Immunogenic Proteases: Glyc-3-P dehydrogenase A,  
Heat shock protein 60, …

Cleared E. coli process-related impurihes
A. 

(112, 103)

B. C. 
(569, 523)

D. 
(132, 245)

F. 
(92, 82)

Transcription/translation Regulators, 
DNA processing, Protein Transport, etc. 

(635, 576)

E.

0

0.25

0.5

0.75

1

1.25

1.5

1.75

2

0%

25%

50%

75%

100%

0 25 50 75 100 125 150

Pp
as

H
C

P 
LR

V

C
as

12
 R

ec
ov

er
y 

(%
)

Load (CVs)



GENE-EDITING 
TOOLBOX

NC-VVIRALNEW PURIFICATION 
PARADIGMS

CRISPR 
CAS

VIRAL 
VECTORS

apoCas9 and E. coli proteins

Incorrect Cas9:RNA

SMART - STERICALLY-MODULATED AFFINITY BY RNA TRIGGER

SMART

Clearance of 
E. coli proteins

Clearance of  
incorrect Cas9:gRNA
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gRNA

Recovery of 
Cas9:gRNA RNPs
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apoCas12a and E. coli proteins

Incorrect Cas12a:RNA

Recovery of 
Cas12:gRNA RNPs

SMART - STERICALLY-MODULATED AFFINITY BY RNA TRIGGER

SMART
Clearance of 
E. coli proteins

Clearance of  
incorrect Cas12:gRNA

crRNA

■  Peptide A - NEB buffer 2.1 

□  Peptide A - NEB buffer 2.1 
      + 200 nM guide crRNA 
◆  Peptide B - NEB buffer 2.1 

◇  Peptide B - NEB buffer 2.1 
       + 500 nM guide crRNA
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-
-

LigaGuardTM resin

- 1 - 
Size-exclusion of AAVs 
and HEK/DNA capture

Affinity capture of 
HEK HCPs

Full AAVs Empty AAVs

-
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Empty 
AAVs

- 2 - 
Ion-exchange Frachonahon 

Full vs. Empty AAVs

HEK HCPs
AAVs

LIGAGUARDTM FOR VIRAL VECTOR PURIFICATION
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LIGAGUARDTM FOR VIRAL VECTOR PURIFICATION

Full-rich peakEmpty-rich peak0
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A. 
(462, 425)B. 

(81, 76) C. 
(569, 523)

D. 
(289, 245)

E. 
(192, 186)

F. 
(81, 68)

Cell metabolism, biosynthesis, 
Transcription/translation Regulators, 
DNA processing, Protein Transport, 

etc. (1435, 1289)

A. Apoptosis regulators: Caspases, Kinases, … 

B. Stress response: Heat shock proteins, mitogen-achvated kinases, … 

C. Proteases: Cathepsins, Carboxypephdases, Matrix metalloproteases, 
Serine proteases, Serpins, Cystahns, ... 

D. Chromahn regulators: Histone cluster members, histone deacetylase,  
Lysine demethylase / methyltransferase, … 

E. Chaperones: Clusterin, Pephdylprolyl isomerases, Proteasome assem., 

F. Lipid degradahon: Lipases, Lipoprotein lipase, Phospholipases

Cleared HEK293 HCP classes



- Adenoassociated Virus - 
AAV1 - AAV12 (VP2-VP3) 

rAAV2, 6, 8 and retroAAV2 
DBC10%: 5·1013 - 3·1014 vp/mL 
El: 2.1·1013 - 7.5·1013 vp/mL 

0.5 M MgCl2, 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

- Lenhvirus - 
LV 

 (VSV-G or full envelope) 
DBC10%: 5.8·109 - 1.2·1011 TU/mL 

El: 4.7·107 - 1.1·109 TU/mL 
0.2 NaCitr + 0.5 M MgCl2, 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 

pDNA LRV: 0.92 - 1.62

- Adenovirus - 
Ad5 

Ad17, Ad11, Ad35 

DBC10%: 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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LENTIVIRUS PURIFICATION IN BIND-AND-ELUTE MODE

DBC10%: 4.5 ± 0.3 ·1010 TU/mL 
El: 1.1 ± 0.8 · 109 TU/mL 
0.2 NaCitr + 0.5 M MgCl2, pH 6.5 

Yield: 62.0 ± 3.5 % (qPCR) 
Yield: 57.1 ± 2.8 % (Transduchon) 
HCP LRV: 1.81 ± 0.23 
pDNA LRV: 1.62 ± 0.05

PLenty 
#2

PLenty 
#1

PLenty 
#3

Heparin 
Poros

DBC10%: 1.8 ± 0.2 ·109 TU/mL 
El: 6.7 ± 0.9 · 108 TU/mL 
0.2 NaCitr + 0.5 M MgCl2, pH 6.5 

Yield: 59.1 ± 0.6 % (qPCR) 
Yield: 50.6 ± 1.0 % (Transduchon) 
HCP LRV: 1.73 ± 0.3 
pDNA LRV: 1.32 ± 0.20

DBC10%: 6.2 ± 0.4 ·109 TU/mL 
El: 5.8 ± 0.2 · 108 TU/mL 
0.15 M NaCl in PBS, pH 6.0 

Yield: 57.8 ± 4.5 % (qPCR) 
Yield: 51.2 ± 3.8 % (Transduchon) 
HCP LRV: 1.79 ± 0.1 
pDNA LRV: 1.48 ± 0.07

DBC10%: 1.8 ± 0.6 · 109 TU/mL 
El: 6.7 ± 0.6 ·107 TU/mL 
0.35 M NaCl in PBS, pH 6.0 

Yield: 57 ± 0.6 % (qPCR) 
Yield: 56 ± 0.5 % (Transduchon) 
HCP LRV: 1.38 ± 0.05 
pDNA LRV: 0.92 ± 0.07

LVs

LVs

LVs

Plenty #2

Feedstock

Plenty #1

HEK293 HCPs

HEK293 HCPs

HEK293 HCPs

Plenty #2Plenty #1

HeparinPlenty #3

pH 6.5

pH 6.5

pH 6.5

pH 6.5



- Adenoassociated Virus - 
AAV1 - AAV12 (VP2-VP3) 

rAAV2, 6, 8 and retroAAV2 
DBC10%: 5·1013 - 3·1014 vp/mL 
El: 2.1·1013 - 7.5·1013 vp/mL 

0.5 M MgCl2, 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

- Lenhvirus - 
LV 

 (VSV-G or full envelope) 
DBC10%: 5.8·109 - 1.2·1011 TU/mL 

El: 4.7·107 - 1.1·109 TU/mL 
0.2 NaCitr + 0.5 M MgCl2, 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 

pDNA LRV: 0.92 - 1.62

- Adenovirus - 
Ad5 

Ad17, Ad11, Ad35 

DBC10%: 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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AAV PURIFICATION IN BIND-AND-ELUTE MODE

AAV5

0.5 M MgCl2 
pH 6.8

AAV8

0.5 M MgCl2 
pH 6.8

AAV9

El: 3.82 ± 0.31 · 1013 VGs/mL 
Yield: 52.4 ± 1.4 % (qPCR) 
Yield: 48.5 ± 1.1 % (Transduchon) 
HCP LRV: 2.81 ± 0.08 
pDNA LRV: 1.51 ± 0.15

El: 6.34 ± 0.66 · 1013 VGs/mL 
Yield: 71.0 ± 0.7 % (qPCR) 
Yield: 70.3 ± 0.8 % (Transduchon) 
HCP LRV: 2.67 ± 0.22 
pDNA LRV: 1.62 ± 0.12

El: 3.82 ± 0.13 · 1013 VGs/mL 
Yield: 68.2 ± 1.4 % (qPCR) 
Yield: 48.3 ± 0.6 % (Transduchon) 
HCP LRV: 2.88 ± 0.12 
pDNA LRV: TBD

AAV

HEK293 HCPs

AAV

HEK293 HCPs

0.5 M MgCl2 
pH 6.8



- Lenhvirus - 
LV 

 (VSV-G or full envelope) 
DBC10%: 5.8·109 - 1.2·1011 TU/mL 

El: 4.7·107 - 1.1·109 TU/mL 
0.2 NaCitr + 0.5 M MgCl2, 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 

pDNA LRV: 0.92 - 1.62

- Adenovirus - 
Ad5 

Ad17, Ad11, Ad35 

DBC10%: 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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- Adenoassociated Virus - 
AAV1 - AAV12 (VP2-VP3) 

rAAV2, 6, 8 and retroAAV2 
DBC10%: 5·1013 - 3·1014 vp/mL 
El: 2.1·1013 - 7.5·1013 vp/mL 

0.5 M MgCl2, 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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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

Expression vB-Cell

Purification vB-Cell

Formulation vB-Cell
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Y’all come visit, ya hear?!? 
Inauguration: July 22nd, NCSU Centennial Campus, EB3 - 4025 

Contacts: smenega@ncsu.edu & mdaniel6@ncsu.edu

Stef Mike

Co-founders:

mailto:smenega@ncsu.edu
mailto:mdaniel6@ncsu.edu
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Primary screening
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Secondary screening
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Discard

Primary screening

R

0.2 MgCl2 
pH 6.5

sgRNA*
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gRNA

Recovery of 
Cas9:gRNA RNPs

MW Feed Cas9 FT W El1 FT W El1
250
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SMART - STERICALLY-MODULATED AFFINITY BY RNA TRIGGER

SMART
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apoCas9 and E. coli proteins

Incorrect Cas9:RNA

- Summary - 

Qmax | DBC10% (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)
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apoCas12a and E. coli proteins

Incorrect Cas12a:RNA

Recovery of 
Cas12:gRNA RNPs

SMART - STERICALLY-MODULATED AFFINITY BY RNA TRIGGER

SMART
Clearance of 
E. coli proteins

Clearance of  
incorrect Cas12:gRNA

crRNA

■  Peptide A - NEB buffer 2.1 

□  Peptide A - NEB buffer 2.1 
      + 200 nM guide crRNA 
◆  Peptide B - NEB buffer 2.1 

◇  Peptide B - NEB buffer 2.1 
       + 500 nM guide crRNA

MW
E. Coli 
LysateCas12 FT El

250
150
100
75
50

37
25

20

15
10

Pephde A Pephde B
Feed FT El

- 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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- 1 - 
Size-exclusion of AAVs 
and HEK/DNA capture

Affinity capture of 
HEK HCPs

 (
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- 2 - 
Ion-exchange Frachonahon 

Full vs. Empty AAVs
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AAV Recovery vs. Purity
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ViroGuardTM resin

LIGAGUARDTM FOR VIRAL VECTOR PURIFICATION

- Summary (AAV2) - 

DBC10%: 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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ViroGuardTM resin

0

0.5

1

1.5

2

2.5

3

0%

25%

50%

75%

100%

0 25 50 75 100 125 150

H
C

P 
LR

V

A
d5

 R
ec

ov
er

y 
(%

)

Load (CVs)

0

0.5

1

1.5

2

0%

25%

50%

75%

100%

0 25 50 75 100 125 150

DN
A 

LR
V

Ad
5 

Re
co

ve
ry

 (%
)

Load (CVs)

0

0.5

1

1.5

2

0%

25%

50%

75%

100%

0 25 50 75 100 125 150

D
N

A 
LR

V

A
AV

2 
R

ec
ov

er
y 

(%
)

Load (CVs)

Apoptosis regulators 
(328, 295)Stress response 

(95, 81)

Proteases, Hydrolases, etc. 
(623, 603)Chromatin 

regulators 
(184, 166)

Chaperones. 
(89, 79)

F. 
(66, 57)

Cell metabolism, Biosynthesis, 
Transcription/translation regulators, 
DNA processing, Protein transport, 

etc. (1225, 1158)

- Summary (Ad5) - 

DBC10%: 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
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ViroGuardTM resin
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HuH7 cells at 105 vg/cell

Eluhon: 0.5 M MgCl2, pH 6.5

LigaGuard → AAVidity AAVidity

AAVx-Poros ABV-Sepharose

Eluhon: 0.5 M MgCl2, pH ~ 3.0

DAPI GFP
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El: 3.7 ± 0.53 · 108 TU/mL 
0.35 M NaCl 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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rAAV2
0.25 M Arg 

pH 6.5

retro 
AAV2

0.25 M Arg 
pH 6.5

AAV-DJ
0.25 M Arg 

pH 6.5

El: 7.48 ± 0.53 · 1013 VGs/mL 
Yield (qPCR): 93.3 ± 3.5 % 
Yield (Transduchon): 73.3 ± 4.2 % 
HCP LRV: 2.14 ± 0.26 
pDNA LRV: 1.81 ± 0.22

El: 4.16 ± 0.55 · 1013 VGs/mL 
Yield (qPCR): 52.2 ± 5.2 % 
Yield (Transduchon): 26.6 ± 2.6 % 
HCP LRV: 2.44 ± 0.35 
pDNA LRV: 1.89 ± 0.21

El: 5.77 ± 0.72 · 1013 VGs/mL 
Yield (qPCR): 72.1 ± 5.6 % 
Yield (Transduchon): TBD % 
HCP LRV: 2.27 ± 0.27 
pDNA LRV: TBD

AAV

HEK293 HCPs

AAV

HEK293 HCPs

AAV

HEK293 HCPs


