Determining conditions for 1%%-strand RTIC cryo-EM (April 2021 LBMS)

Test system: 15t strand
m|n|RTIC (Das 2019)

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

e Concentrations: 30 uM and 60 pM.

e Additives:
6 mM CacCl2
0.2% B-OG
600 uM dCTP

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

Talos L120C (120 kV) at LBMS

Easil-y distir\guished, homogenpus Varying thickness in vitreous ice most like due to incomplete
particles highly amenable to high- hydrophilization of grids .
resolution data collection



Determining conditions for 1%%-strand RTIC cryo-EM (April 2021 LBMS)

Test system: 15t strand
m|n|RTIC (Das 2019)

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

* Concentration: 60 pM.

* Additives:
* 6 mM CaCl2
«  0.2% B-0G
« 600 pM dCTP

* Gold grid preparation
* Glow discharge: 120s
* Blotforce: 0
* Blottime: 4s
*  100% humidity

* Talos Arctica (200 kV) at the Rutgers
CryoEM & Nanoimaging Facility (RCNF)

Magnification 130,000X



2"% strand RTIC preparation

2"_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
a—_ Unbg;.:g " Not heat denatured Heat denatured
s Conc B l l

MW (kD)

250

150
100
75
. Xlink RT .

5,04 50
37

Pure yield: ~600 ug

Protein buffer:
75 mM Nadl,
10 mM Tris—HCIl pH 8.0
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HIV-1 PR-RT heterodimer

 Sample — HIV-1 TFR-PR-RT heterodimer
* Concentration - 0.5 mg/mL protein

e Buffer - 50 mM HEPES (pH 8), 500 mM NacCl, 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




Comparison of PR-RT micrographs with RT micrographs showing
the RT heterodimeric core in the particles
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Enzymatic activity of HIV-1 PR-RT heterodimer

No protein control

RT(70nM)

PR-RT (150 nM)

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



HIV-1 Gag-Pol

Good absorbance (concentration)
\Superose 6 Increase 10 300_Runl_Gag Pol delta IN_16 APRIL 2022

mAL

1101 14/:\36 MOI’e O_fdeSil’ed kDa
100] /| and useful Gag-Pol 250
| ;
90; l | 150 =
s
| lJI | 100 w
%1 I 75 -
701 / &
| / S
eof | ' 37 -
- 8.99 / \
50 l,r 51‘ / | 25 -
| w | 20 -
401 ( .
I Jl \" I|I 1] '
30 | | I‘ll 10 .
. | \
\
201 ' I; \ .
{ \ /1 \._‘_‘__“_ A6 5C8
101 Pesa= it = “Elution -

20 25

0 5 10 15
e SEC column — Superose 6 inc 10/300

B7 B8 BIIBI2/Cl1|C2 C3 C4 (5

e

Gag-Pol AIN
(~170 kDa)

* Buffer — 50 mM TRIS (pH 8.0), 700 mM NaCl, 5% glycerol, 2 mM TCEP, 10 pM ZnCl, 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



Dynamic Light Scattering of HIV-1 Gag-Pol
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DLS shows 80% of the species are trimeric molecular weight in the sample by percent intensity.

DLS profile of fraction C1




Negative staining of HIV-1 Gag-Pol

» Negative staining showed particles on the grid at
0.26 mg/mL in the SEC buffer.




cryo-EM attempt of HIV-1 Gag-Pol

* Concentration — 0.26 mg/mL

e Buffer — 50 mM TRIS (pH 8), 700 mM NaCl, 5% glycerol, 2
mM TCEP, 10 uM ZnCl,, 4 mM CHAPS

e 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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HIV-1 Gag:Gag-Pol VLP assembly

Assembly components —
 CA-NC (Gag)

* CA-RT (Gag-Pol)
 |P6

« GT25o0ligo

Assembly conditions —

* Total protein concentration — 24 uM

e IP6—5uM (~5:1 = protein:IP6)

e GT25o0ligo—5 uM (~ 5:1 = protein:oligo)

* Incubationtime—-5hrsat4 °C

* Dialysis buffer - 20 mM TRIS, pH 8, 100 mM NaCl, 2 mM TCEP, 5 uM IP6

Samples tried—
 Gagalone

* Gag:Gag-Pol (20:1)
* Gag:Gag-Pol (15:1)
* Gag:Gag-Pol (10:1)
e Gag:Gag-Pol (5:1)



Gag alone assembly
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Gag:Gag-Pol (20:1) assembly
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Gag:Gag-Pol (10:1) assembly
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’ Expression and purification profiles of Flavivirus RdRps

DENV3-NS5-FL (full length)

I I NS5

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

| DENV3-RdRp

v

RdRp domain (273-900 aa)

ZIKV-RdRp

v

RdRp domain (273-900 aa)

| DENV2-RdRp

v

RdRp domain (273-900 aa)

WNV-NS5-FL

MTase (1-262 aa)

| NS5

RdRp domain (273-900 aa)
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| Expression and purification profiles of Bunyavirales RdRps

Bunyavirales have a RARp domain within a larger protein, named L protein. CCHFV scheme is below and Yezovirus (right 1s a novel similar
virus)

Crimean-Congo Haemorrhagic Fever virus L protein VA
(3945 residues, 448 kDa) _1151-11‘11‘0 {
----------- - B it et EEEE Y L AC .
[OTU _}-————-fendonuciease - [__RdRp_ "} cap-binding? COMMUNICATIONS
CCHFV L purification YEZV L purification & RdRp activity
56 14 ART'CLE W) Check for updates |
UGCGCUAGAARAAA  tpsy//doi.org/10.1038/541467-021-25857-0 [e1SY
CCHFV_220204 YEZV L ACGCG A | : : tarad with fabwil
= vERV L novel nairovirus associated with acute febrile
N-8xHIS| = 448 kDa N-8xHIS| = T i i |
L =450 kDa NTP. 1000M illness in Hokkaido, Japan
Imidazole elution proflle, mM Imidazole elution proflle, mM % F‘_‘&%Q —q‘f_) Fumihiro Kodama"2, Hiroki Yamaguchi3, Eunsil Park?, Kango Tatemoto?, Mariko Sashika>, Ryo Nakao( ©,
8 o~ 8 8 8 8‘3 f ?E ? 8 Yurino Terauchi’, Keita Mizuma®, Yasuko Orba® 29, Hiroaki Kariwa’, Katsuro Hagiwara'!, Katsunori Okazaki'?,
o S o o O o = A Akiko Goto3, Rika Komagome3, Masahiro Miyoshi3, Takuya Ito3, Kimiaki Yamano?, Kentaro Yoshii'3,
~ (N N N q | Chiaki Funaki®, Mariko Ishizuka®, Asako Shigeno'®, Yukari Itakura®, Lesley Bell-Sakyi'®, Shunji Edagawa',
. LR Atsushi Nagasaka', Yoshihiro Sakoda® &, Hirofumi Sawa® 2101617 Ken Maeda®, Masayuki Saijo® & &
14| “‘“ Keita Matsuno@ 1014165
13 «' ,. : * N : N
12 .‘:.‘oz,".";"
~150 - : The increasing burden of tick-borne orthonairovirus infections, such as Crimean-Congo
150- hemorrhagic fever, is becoming a global concern for public health. In the present study, we
1001w identify a novel orthonairovirus, designated Yezo virus (YEZV), from two patients showing
4100- 75, — acute febrile illness with thrombocytopenia and leukopenia after tick bite in Hokkaido, Japan,
76- Lo - in 2019 and 2020, respectively. YEZV is phylogenetically grouped with Sulina virus detected
in Ixodes ricinus ticks in Romania. YEZV infection has been confirmed in seven patients from
2014-2020, four of whom were co-infected with Borrelia spp. Antibodies to YEZV are found
-50- -50 . in wild deer and raccoons, and YEZV RNAs have been detected in ticks from Hokkaido. In this
work, we demonstrate that YEZV is highly likely to be the causative pathogen of febrile
37w illness, representing the first report of an endemic infection associated with an orthonair-
8- ovirus potentially transmitted by ticks in Japan.
-26- -25f.
-20-
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Size Exclusion Purification of full length SARS-2 RdRp (nsp 12/7/8 complex)
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+ 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 NacCl, 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.
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Mass Distribution

Dynamic Light Scattering Experiment
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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.
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Activity Assay of full length SARS-2 RdRp (nsp 12/7/8 complex)

Volume Concentration in Reaction

Component added Mixture =)
o 50000000

TRIS pH 8.0 (0.1 M) 3uL 25 mM x

[}

RNA template (0.1 mM) 2.4 L 2 uM ()
- < 40000000

RNA primer (1 mM) 6 pL 50 uM 8

ATP (10 mM) 1.2 pL 100 uM a

S
CTP, GTP, UTP mix (1 mM) 1.2 uL 10 uM S 30000000

(T

Picogreen dye (50 fold) 60 pL 100 fold c
@ 20000000

MgCI2 (0.1 M) 1.5 uL 1.25 mM 0

(@)}

RdRp protein (17.25 pM) 3L 0.4 uM o
RNAse free water 41.7 pL 0% 10000000

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 0

min incubation with protein g 30 60 90 120

c
The reactions were quenched using EDTA §

£ Incubation time (in
It can be seen clearly the activity (measured in terms of fluorescence) shoots up g minutes) with 0.4 micro-
ten times after addition of RdRp protein 2 molar SARS-2 RdRp
Incubation time Fluroscence (T1) Fluroscence (T2) Fluroscence (T3) Average Standard Deviation
30 min (without protein) 2000000 2000000 2100000 2033333 57735
30 min (0.4 pM protein) 29000000 33000000 31000000 31000000 2000000
60 min (0.4 uM protein) 39000000 38000000 28000000 35000000 6082762.53
90 min (0.4 uM protein) 44000000 8100000 16000000 22700000 18864516.96

120 min (0.4 uM protein) 16000000 11000000 24000000 17000000 6557438.524
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