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Metode analisis 3D struktur atom dengan
resolusi tinggi :
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Cryo-EM High Resolution

Dr. Joachim Frank, Dr. Jacques
Dubochet, dan Dr. Richard Henderson,
mendapat Nobel Prize in Chemistry
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Determination of high-resolution structure through image processing



The outer

Rice Dwarf Virus (RDV) shell protein

Q Struktur virus dari X-Ray crystallography (3.5 A) The core
O Berbentuk icosahedral, ukuran diameter 700 A~ Protein
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8 . Trimer P8 protein
& @ 260 copies

f" "&

Positive Negative
charged . ® charged
residue residue
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Structure Nakamichi et al., 2019, Structure 27, 439-448

March 5. 2019 @ 2018 Elsevier Ltd.
https://doi.org/10.10164.str.2018.10.029

An Assembly Intermediate Structure
of Rice Dwarf Virus Reveals a Hierarchical Outer
Capsid Shell Assembly Mechanism

P8-trimer (posisi T) akan mengikat protein P3

Mutan protein P8 + GFP pada C-terminus
menyebabkan gagalnya virus assembly

Assembly Phase contrast-EM
intermediate 3D-reconstruction

P,Q,R,

The second layer
T = 13 icosahedral




Coronavirus Disease 2019 (SARS-CoV-2)

Salah satu cara untuk menangani penyakit COVID-19 adalah
mengetahui mekanisme virus mengenali sel inang (manusia)

Envelope (E) protein
Membrane channeal involved
in the viral budding process

Membrane (M) protein —-
Pack and organize the RNA
inside the virlon
Nucleocapsid - &8

Protein that binds and
protect the RNA Inside
the virus

500-2000 A
(50-500 nm)

Spike (S) protein - :
Sars-CoV-2 surface
- protein that binds to

: cell surface
receptors
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Molecular Dynamic (MD) Simulation ¢ ke Glycoprotein (S protein) pada Virus Corona

Oleh karena S protein pada SARS-CoV telah terbukti memiliki
interaksi dengan reseptor ACE2 pada manusia, sehingga SARS-
CoV2 diprediksi memiliki interaksi yang sama dengan SARS-CoV

Recep;c_or Binding Domain (RBD)
) SARS-CoV-2

Spike
Protein

Protein Data Bank, 2020
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COROMNAVIRUS

prefusion conformation

Skema struktur primer S protein SARS-CoV2

Resolusi Cryo-EM
Spike protein (3.5 A)

Viral membrane

Wrapp et al., Science 367, 1260-1263 (2020)

Cryo-EM structure of the 2019-nCoV spike in the

13 March 2020

Interaksi S protein SARS-CoV2 dengan
ACE2 melalui negatif stain EM

Pada posisi konformasi struktur RBD yang bagaimana
agar dapat berinteraksi dengan ACE2 ?




Article

Structural basis of receptorrecognitionby Nature | Vo581 | 14 May 2020
SARS-CoV-2

Jian Shang™®, Gang Ye'?, Ke Shi*?, Yushun Wan™®, Chuming Lua’, Hideki Aihara®, Qibin Geng',
Ashley Auerbach' & Fang Li"™

Resolusi crystal structure = 2.68 A

Article

Structure ofthe SARS-CoV-2spike
receptor-bindingdomain bound to the ACE2
receptor

Jun Lan, Jiwan Ge™ Jinfang Yu'/, Sisi Shan™*, Huan Zhou?, Shilong Fan', Qi Zhang?,
Xuanling 5hi*, Qisheng Wang®, Lingi Zhang™™ & Xinguan Wang '™

Resolusi crystal structure = 2.45 A

Receptor Binding Motif (RBM) pada SARS-CoV2

Interaksi ACE2 dan RBD yang berikatan dengan ACE2

dijembatani oleh glycan

/

Core
Receptor
" ) Binding Motif

SARS-CoV-2 RBD SARS-CoV-2 RBD



Science

First release: 3 April 2020

Cite as: M. Yuan et al.. Science
10.1126/science.abb7269 (2020).

A highly conserved cryptic epitope in the receptor-binding
domains of SARS-CoV-2 and SARS-CoV

Crystal structure kompleks RBD dari Spike Protein SARS-CoV2 dengan CR3022 (neutralizing antibody
yang sebelumnya telah diisolasi dari pasien SARS) dengan resolusi = 3.1 A
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Apakah ada target protein lain selain Spike Protein?
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Figure: Genomic organization of SARS-CoV-2, created with biorender.com
Genomic organization
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SCience First release: 20 March 2020 Cite as: L. Zhang ef al.. Science
10.1126/science.abb3405 (2020).

Crystal structure of SARS-CoV-2 main protease provides a
basis for design of improved o.-ketoamide inhibitors

Main Protease
berbentuk dimer

Q Struktur didapatkan dari X-Ray crystallography (1.75 A)

 Main Protease penting untuk memproses protein yang telah ditranslasikan dari
RNA virus (memotong bagian protein SARS-CoV2 menjadi banyak protein virus)

O Strategi: menghambat aktifitas Main Protease sehingga dapat mem-block
replikasi virus = Antiviral Drug Design
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Update struktur protein SARS-CoV2 di PDB i) UNIVERSITAS GADIAH MADA
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Crystal structure of the C-terminal domain of SARS-CoV-2 nucieocapsid protein
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Trane i Fie e CelPress  Trends in Plant Science, July 2020, Vol. 25, No. 7

REVIEWS

Potential Applications of Plant Biotechnology
against SARS-CoV-2

Teresa Capel,'® Fichard M. Twyman.”® Victoria Armaro-Nagara,”
Julien K_-C. Ma,™ Stafan Schilberg, ** and Pau Coristoy' 7

Peran Plant Biotechnologist ?

‘/ | Telah dilaporkan low-cost proinsulin

/ ». saRs cov:2 - telah diekspresikan di kloroplas
H l /RBD SARS-CoV-.Z-ne.utrahzlng

r‘ (or VLPs) antibodies tobacco dan lettuce

(Boyhan, 2011) - Plant Biotechnol J.
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| was captured for life by chemistry
and by crystals.

— Dersthy Hedghin —
Nobel Prize in Chemistry (1964),
Determining the structure of Insulin

ugm.ac.id LOCALLY ROOTED, GLOBALLY RESPECTED



