
Test system: 1st strand 
miniRTIC (Das 2019)
• Protein buffer: 75 mM NaCl, 10 mM Tris–

HCl pH 8.0 

• Concentrations: 30 μM and 60 μM.

• Additives:
• 6 mM CaCl2
• 0.2% β-OG
• 600 µM dCTP

• Gold grid preparation
• Glow discharge: 30s
• Blot force: 0
• Blot time: 4s
• 100% humidity

• Talos L120C (120 kV) at LBMS
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Determining conditions for 1st-strand RTIC cryo-EM (April 2021 LBMS)

Easily distinguished, homogenous 
particles highly amenable to high-
resolution data collection

Varying thickness in vitreous ice most like due to incomplete 
hydrophilization of grids



Test system: 1st strand 
miniRTIC (Das 2019)
• Protein buffer: 75 mM NaCl, 10 mM Tris–

HCl pH 8.0 
• Concentration: 60 μM.

• Additives:
• 6 mM CaCl2
• 0.2% β-OG
• 600 µM dCTP

• Gold grid preparation
• Glow discharge: 120s
• Blot force: 0
• Blot time: 4s
• 100% humidity

• Talos Arctica (200 kV) at the Rutgers 
CryoEM & Nanoimaging Facility (RCNF) 
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Determining conditions for 1st-strand RTIC cryo-EM (April 2021 LBMS)

Magnification 130,000X
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2nd strand RTIC preparation
2nd-Strand Synthesis (with RT127A – thumb Xlink):
+2, +3, +5 (2nd-Strand Synthesis start, in red).
Example of “+3” oligonucleotides (in bold, cross-linkable G):
25mer T DNA: 3'-G AAA AAT TTT CTT TTG CCC CCT GAC -5'
20mer P RNA:  5'- UUU UUA AAA GAA AAC GGG GG -3'

Pure yield: ~600 µg

4-15% BioRad TGX Gel (non-reducing)

P66 
P51 
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Unbound RT

Tandem 1 mL heparin columns (FPLC)

Protein buffer: 
75 mM NaCl, 
10 mM Tris–HCl pH 8.0 



HIV-1 PR-RT heterodimer

• Sample – HIV-1 TFR-PR-RT heterodimer
• Concentration - 0.5 mg/mL protein 
• Buffer - 50 mM HEPES (pH 8), 500 mM NaCl, 2.5% glycerol, 1 mM 

TCEP
• Grid - Gold (Au): UltraAuFoil R1.2/1.3 300nm
• Glow discharge – 5 mins
• Blot force - +10 
• Blot time - 8.5s
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Comparison of PR-RT micrographs with RT micrographs showing 
the RT heterodimeric core in the particles 

RT heterodimer 
core

HIV-1 PR-RT micrograph HIV-1 RTIC 1st-strand micrograph 5

Magnification 130,000X for both micrographs
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Enzymatic activity of HIV-1 PR-RT heterodimer

In PicoGreen assay, reverse transcriptase 
activity in a biological sample generates long 
RNA-DNA heteroduplexes from a mixture of a 
long poly(A) template, an oligo-dT primer and 
dTTP. The RNA-DNA heteroduplexes formed 
are them detected by the PicoGreen reagent.

HIV-1 PR-RT shows comparable reverse 
transcriptase to HIV-1 RT
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HIV-1 Gag-Pol
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Gag-Pol ΔIN 
(~170 kDa) 

Peak Table

Peak Retention 
(ml)

Area 
(ml*mAU)

Area % Ext coeff. 
(mg ml ⁻¹ cm ⁻¹)

Fraction(s) Volume 
(ml)

Peak A 8.993 56.69 39.30 5.B.5 - 5.B.8 4.000
Peak B 14.362 87.54 60.70 5.C.1 1.000

Conductivity 
(mS/cm)

53.51
53.14

Superose 6 Increase 10 300_Run1_Gag Pol delta IN_16 APRIL 2022 001

Created 4/16/2022 4:25:28 PM -04:00  by Default  on AKTA Pure 2157750 
Printed 4/18/2022 10:18:17 AM -04:00 by Default
\DefaultHome\Ruchi\HIV-1\Gag-Pol\

1(1)

Good absorbance (concentration)

More of desired 
and useful Gag-Pol

• SEC column – Superose 6 inc 10/300
• Buffer – 50 mM TRIS (pH 8.0), 700 mM NaCl, 5% glycerol, 2 mM TCEP, 10 µM ZnCl2, 4 mM CHAPS (0.25%)
• Gag-Pol polyprotein tends to aggregate and go to void volume (8 mL) but with modified lysis buffer and 

purification protocol, we now have sufficient amount of useful Gag-Pol 
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Fraction C1 – 0.23 mg/mL (1 mL fraction)

Peak Table

Peak Retention 
(ml)

Area 
(ml*mAU)

Area % Ext coeff. 
(mg ml ⁻¹ cm ⁻¹)

Fraction(s) Volume 
(ml)

Peak A 8.993 56.69 39.30 5.B.5 - 5.B.8 4.000
Peak B 14.362 87.54 60.70 5.C.1 1.000

Conductivity 
(mS/cm)

53.51
53.14

Superose 6 Increase 10 300_Run1_Gag Pol delta IN_16 APRIL 2022 001

Created 4/16/2022 4:25:28 PM -04:00  by Default  on AKTA Pure 2157750 
Printed 4/18/2022 10:18:17 AM -04:00 by Default
\DefaultHome\Ruchi\HIV-1\Gag-Pol\

1(1)

DLS profile of fraction C1

Trimer ???

Dynamic Light Scattering of HIV-1 Gag-Pol

• DLS shows 80% of the species are trimeric molecular weight in the sample by percent intensity. 8



Negative staining of HIV-1 Gag-Pol

• Negative staining showed particles on the grid at 
0.26 mg/mL in the SEC buffer.
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cryo-EM attempt of HIV-1 Gag-Pol

• Concentration – 0.26 mg/mL
• Buffer – 50 mM TRIS (pH 8), 700 mM NaCl, 5% glycerol, 2 

mM TCEP, 10 µM ZnCl2, 4 mM CHAPS
• Grid – Ultra Au foil R1.2/1.3 300
• Glow discharge time – 5 mins
• Blot time – 3s, 6s
• Blot force - +8f

Observation – We didn’t see enough particles on cryo-EM Au grids. 
We need to optimize the buffer conditions and protein concentration 
for grid preparation.
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Assembly components – 
• CA-NC (Gag) 
• CA-RT (Gag-Pol)
• IP6
• GT25 oligo

HIV-1 Gag:Gag-Pol VLP assembly

Assembly conditions – 
• Total protein concentration – 24 µM
• IP6 – 5 µM (~ 5:1 = protein:IP6)
• GT25 oligo – 5 µM (~ 5:1 = protein:oligo)
• Incubation time – 5 hrs at 4 °C
• Dialysis buffer - 20 mM TRIS, pH 8, 100 mM NaCl, 2 mM TCEP, 5 µM IP6

Samples tried– 
• Gag alone
• Gag:Gag-Pol (20:1)
• Gag:Gag-Pol (15:1)
• Gag:Gag-Pol (10:1)
• Gag:Gag-Pol (5:1)



Gag alone assembly

0 h 5 h

A320 nm 0.07 0.62



Gag:Gag-Pol (20:1) assembly

0 h 5 h

A320 nm 0.01 0.74



Gag:Gag-Pol (15:1) assembly

0 h 5 h

A320 nm 0.19 0.68



Gag:Gag-Pol (10:1) assembly

0 h 5 h

A320 nm 0.25 0.73



Gag:Gag-Pol (5:1) assembly

0 h 5 h

A320 nm 0.44 0.10



Expression and purification profiles of Flavivirus RdRps

RdRp domain (273-900 aa)MTase (1-262 aa)

DENV3-NS5-FL (full length)

DENV3-RdRp

ZIKV-RdRp

DENV2-RdRp

WNV-NS5-FL

NS5

NS5

RdRp domain (273-900 aa)

RdRp domain (273-900 aa)

RdRp domain (273-900 aa)

RdRp domain (273-900 aa)MTase (1-262 aa)

Expression system- Bacteria

~ 100 kDa NS5

Expression status ongoing

Yield 
less

Optimization

Yield 
less Optimization

M

M

~ 69 kDa RdRp
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• DENV = Dengue virus
• ZIKV = Zika virus
• WNV = West Nile Virus



YEZV L purification & RdRp activity
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• WNV = West Nile Virus

Expression and purification profiles of Bunyavirales RdRps
Bunyavirales have a RdRp domain within a larger protein, named L protein. CCHFV scheme is below and Yezovirus (right is a novel similar 
virus)
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Size Exclusion Purification of full length SARS-2 RdRp (nsp 12/7/8 complex)

• Pooled fractions were concentrated to 2 mL and Superdex 200 10/300 GL increase column was used for SEC purification

• SEC Buffer (20 mM HEPES pH 8.0, 300 mM NaCl, 2% glycerol, 2 mM MgCl2, 1 mM TCEP)

• Although both peak A and B reflected presence of the complex but the fact fractions of peak (peak A) eluted earlier than it should have been could 

reflect presence of a dimers of the complex or species of higher molecular weight.



Fractions of Peak B

Fractions of Peak A

Peak-A Peak-B

Dynamic Light Scattering Experiment

• Concentration of fractions from peak A; 0.373 mg/mL (10 mL)

• Concentration of fractions from peak B; 0.37 mg/mL (10 mL)

• DLS experiment suggests that the sample of peak A has higher size particles as compared to 

those from peak B which might indicate oligomerization of nsp 12/7/8 complex. 



Activity Assay of full length SARS-2 RdRp (nsp 12/7/8 complex)

Component

Volume 

added

Concentration in Reaction 

Mixture

TRIS pH 8.0 (0.1 M) 3 µL 25 mM

RNA template (0.1 mM) 2.4 µL 2 µM

RNA primer (1 mM) 6 µL 50 µM

ATP (10 mM) 1.2 µL 100 µM

CTP, GTP, UTP mix (1 mM) 1.2 µL 10 µM

Picogreen dye (50 fold) 60 µL 100 fold

MgCl2 (0.1 M) 1.5 µL 1.25 mM

RdRp protein (17.25 µM) 3 µL 0.4 µM

RNAse free water 41.7 µL

• The reactions were done in triplets of without protein, 30 min incubation with 

protein, 60 min incubation with protein, 90 minutes incubation with protein and 120 

min incubation with protein

• The reactions were quenched using EDTA

• It can be seen clearly the activity (measured in terms of fluorescence) shoots up 

ten times after addition of RdRp protein
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