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Genentech Inc.

“The Beginnings of Biotech” (Founded 1976)

1977:
1978:
1979:
1982:

1984:
1987:

1990:

Produced first recombinant human protein
Cloned human insulin

Cloned human growth hormone

First ever recombinant drug approval: insulin

Started Structural Biology Group
First published crystal structure

Started formal four-year postdoc program

Herb Boyer

1997: First of 15 approvals for monoclonal Abs (latest: 2017)

2015: Decision to set up in-house cryo-EM (November)
2015: First published EM structure (December)

2017: Talos installation complete

2018: Krios installation complete (January)




Cryo-EM Supports projects throughout the Pipeline:

From early stage Research to Development: Doing now what Patients need Next

Early
Stage Late
i Research Stage

Research

Small Molecules

p Cryo-EM

Genentech
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Cryo-EM as an integral part of Structural Biology

Cryo-EM is an evolving technology that requires talent, state-of-the-art equipment as well as a cutting-edge data processing infrastructure

Sample (mg amounts) must be
crystallized.

Generally suitable for <100kDa
proteins.

Atomic resolution but requires
crystals. One conformational
state per structure.

Synchrotrons can collect dozens
of X-ray datasets/week. Fast Data
processing (minutes/days)

Cryo-EM

Sample (ug amounts) is frozen in
its native state.

Generally suitable for larger
Molecular weight complexes

Near-atomic resolution, but fast
sample preparation. Can describe
heterogeneity/ flexibility.

Data collection time is
incompressible. We collect 1-2
datasets/week. Data processing is
also slower (days/weeks).

Getting the first structure greatly reduces the effort for the following.

Genentech
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Acquiring the Right Talent to reach a Critical Mass

To Strengthen the Data Collection, Data Processing and Sample Preparation
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Cryo-EM Challenged and Limitations:

Getting the right Sample is a must: accelerating the process of screening is Key!

* The sample requirements for cryo-EM generally several times less than X-ray crystallography (0.1-1 mg).

* 96 sample automated runs from E.coli, BEVS and Mammalian cells (>10,000 proteins/year).

* Highly Sensitive (0.1mg/L) & different purifications tags and cellular localization

* Detergent Screening (Membrane Proteins)

Genentech
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Genentech cryo-EM group and facility by 2020

Online July 2017 Expected 2019

Screening Microscope: B10-113-115

Strategically positioned in FRC. Workhorse for negative and cryo-EM I
screening. (200KeV)

Talos 200C

D February 2019

0

K2 Direct Detector

CETA-D CCD camera

* Cryo-EM screening
* (Autoloader + Direct Detector)

* Negative Staining e
* Micro-ED T el 7
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Genentech cryo-EM group and facility by 2020

Online January 2018 By 2020
High-Resolution cryo-EM with Direct Detector and Energy Filter, -
Volta Phase Plate g e

Titan Krios Titan Krios

Volta Phase Plate

K2 Bioquantum

' - - | K3 Bioquantum
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CryoEM Workflow

@

The workflow is highly iterative

Unlike many facilities, we have to keep track
of everything from protein to model.

Easy to lose track of what’s already been
done/tried, especially when number of
projects >> number of staff

Genentech
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Project
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session

Processing
session
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CryoEM Workflow

The workflow is highly iterative

Unlike many facilities, we have to keep track
of everything from protein to model.

Easy to lose track of what’s already been
done/tried, especially when number of
projects >> number of staff

Data Collection

Data Storage
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gP2S a cryoEM LIMS

- Cryo Jacek Ziemski '\ ¥ ,.-i
Project
GroEL - CREATE NEW SESSION Sortby date
Samples (5) Microscopy XYZ Number of images Pixel siz Defocus 2017.02.13
3,102 1.3A 0.9-2.7 ym 16:45:23

& Proteins (3)

——

g I Detector Microscopist
Grid 1 GNE Krios 1 GNE Quantum K2 Chris Arthur

Microsco

Q:S’ Ligands (2)

@@ Grids (4)
Microscopy XYZ MNumber of images Pixel siz Defocus 2017.02.13
16:45:23
5 Microscopy sessions (4) e 134 0.9-2.7 ym o8
) ) Using Microscoy Detector Microscopist
G Processing sessions (3) Grid 1 GNE Krios 1 GNE Quantum K2 Chris Arthur
) Maps (3)
Microscopy XYZ Number of images Pixel siz Defocus 2017.02.13
:é}: Models (2) Py 3,102 13A 0.9-2.7 ym 16:45:23
Using Microscog Detector Microscopist
) Grid 1 GNE Krios 1 GNE Quantum K2 Chris Arthur
@ Settings
Microscopy XYZ Number of images Pixel siz Defocus 2017.02.13
3,102 1.3 A 0.9-2.7 ym 16:45:23
Using Microscog Detector Microscopist
Grid 1 GNE Krios 1 GNE Quantum K2 Chris Arthur
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gP2S in the Wild...
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gP2S is available & free

Available now as a Docker
Open-source license /APACHE

X-ray crystallography support coming 2019

& O
docker GitHub

hub.docker.com/r/arohou/gp2s github.com/arohou/gP2S

The next frontier: integrations

EMDB & PDB deposition
Data transfer & backup
Equipment
Thermo microscopes
Thermo vitrobot
Gatan K2
Microscope control software
SerialEM
EPU
Latitude
Image processing software

Genentech

Genentech
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EISTEM

Unblur mag_distortion_correct

Mag. distortion
correction

Decompression &

) . Movie processing
gain correction

New ML Based

2D classification Particle picking CTF determination
New! (Sigworth, 2013) ctffind4

Ab initio 3D Auto/manual refinement B-factor
reconstruction & classification sharpening

New! Frealign



CisTEM is fast!

2.2 A resolution cryo-EM structure of
[3-galactosidase in complex with a
cell-permeant inhibitor

Alberto Bartesaghi,'* Alan Merk,'* Soojay Banerjee,! Doreen Matthies,' Xiongwu Wu,>

Jacqueline L. S. Milne,' Sriram Subramaniam®t

Processing on a single workstation

2 x Xeon (44 cpu cores)
512 GB Memory
16TB SSD




CisTEM is fast!

Processing Step

Movie Processing
CTF Determination
Particle Picking
2D Classification
Ab-inito 3D

Auto refinement
Manual refinement

Total

Processing on a single workstation

16TB SSD

2 x Xeon (44 cpu cores)
512 GB Memory

Details

1539 movies, 38 frames, super-resolution

on images (not frames)

131,298 particles

90 classes, 28 selected with 119,523 particles
40 iterations

8 iterations, final resolution 2.2 A

1 iteration (incl. defocus), final resolution 2.2 A

Time
(hours)

1.1
0.1
0.1
0.8
0.8
1.4
0.4
4.7

Bartesaghi et al. 2015,
reprocessed
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gP2S is available & free

Vs
Free (beer & freedom) software: Cl E
- CiSTEM for fast, easy 3D reconstruction
Available now from cistem.org _
- gP2S for lab/facility information
management * o

Available now from github, docker hub .
° docker GitHub

Genentech G
enentech
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‘ Cryo-EM enters our SBDD Pipeline in early 2018

2015-2017

LM Research

(50%) (50%) ’

As of January 2018, SB has two EM instruments 2018

Research

Talos: (30%)

e screening
e optimization
e epitope mapping

Krios:

e high-resolution

e priority to SM
pipeline projects

SM

\ (70%) /

SM binding site

localization Structure-based drug design

Binding pocket mapping
(side chains)

Resolution 20 A

Genentech
@CRVD-EM

15 A 4.5 A 3.5 A 2.5 l’\>

@ Cryo-EM tructures are aIready

relevant for BDD
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Can we support SM projects as fast as X-ray crystallography?

* By X-ray crystallography we can collect several structure/hours and solve several structures/day or week

* By cryoEM we can only collect only 1-2 datasets per week

We need several hundreds of thousands particles to obtain a final reconstruction
About 10-20K movies per dataset
We can currently collect 150 movies/hour (K2 camera) and project 300-400 with the K3 camera

Need a large amount of data storage (5-20TB/week)

O O O O O

Data processing requires days/weeks

* We need to choose systems where we can make the difference and select fewer critical compounds for SMDD

@Eﬁ%ﬁm Genentech
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Can we support SM projects as fast as X-ray crystallography?

* We use WARP for on the fly data processing and CisTEM (sometime help from Relion) to solve all our
structures

* C(lassical crystallography software (Coot, Phenix, DIALS)

* We need to work very closely with Medchem and Compchem
to prioritize compounds and structures (fewer more
relevant/informative structures).

* Molecular Dynamics with MOE and Molecular Dynamic
Flexible Fitting with Isolde.

n
v

BN A =
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A real case scenario...
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Chronic Pain

Neuroscience Project Goal: Make a revolutionary new Pain Drug.

.« Affects 1in 5 individuals GOF: Altered Nav1.7 gating (Excessive pain)

« Chronic pain can be debilitating
examples
* Neuropathic pain

* Inflammatory pain

* Results in a $600 billion cost to society ,
Inherited Paroxysmal Extreme
annually Erythromelalgia (IEM) Pain Disorder (PEPD)

LOF: no Nav1.7 expression (no pain)
Neuroscience Project Goal:

» Make a revolutionary new pain drug

Congenital Insensitivity to Pain (CIP)

Genentech

CRYO-EM

Genentech

Jian Payandeh, Dan Ortwine, B. Safina, D. Sutherlin, Chris Koth and the Nav 1.7 Team  # Memberof the Roche Group




Nav channels drive action potentials

(51-54) (55-56)

-120 mV

VSD1-3 Na* 500 pA

@Eﬁﬁm Genentech
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A strategy to enable human Navl.7 structures

Nav1.7 NavAb
(homotetramer)
DI ]|l Dill DIV
M HE A HE 1§243aMs 6 1Iz|34 5|6 AP E A HE I I
e v T
— AV
VSD pore

(51-54) (S5-S6)

hNavl.7

Size 24 TMs/2000 residues
Expression ~10,000 copies/cell
Purification yield 0.001 mg/L
Auxiliary subunits mandatory
PTMs extensive
Structure precedent none

Nav1.7-NavAb chimera

VSD2-NavAb

P

0

VSD2ex-NavAb

P

U

Lo

Genentech
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4 years of effort, >600 constructs, 1 structure

extracellular
view

Nav1.7 - pink
NavAb - grey

— /4
li i; L
LY B . -
membr, %é\\,\ Since 2014 no additional
[ f’\ VI X-ray structures
— i - g
intracellular

Payandeh et al., 2011; Ahuja et al. 2015
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@

NavAb Fabs as structural chaperones for cryoEM

Navl1.7: 120 kDa tetramer

FSEC
Construct 1
N V.o Free Iprobe
LDAO
c12E23
DMNG
LMNG
-
=
< |oom
A
Q
g GDN
[¢})
(&)
3 gitonin + BisMalt-24
—
o
= |digitonin + CHS
(1
digitonin

Multiple reconstitutions and
iImmunization strategies

( liposomes nanodiscs amphipols \
vary
matrix
(polymer) )

vary
adjuvants

mixed or
separate
injection

Elution Volume (ml)
Genentech

v

site
_J

CRYO-EM

C. Koth, JT Koerber, G. Nakamura, OHSU, Jian Payandeh
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Cryo-EM of Navl.7-NavAb chimera for SM program

120 kDa tetramer + 2 Fabs
Total ~ 220 kDa
Detergent solubilized

Krios, energy filter, K2

13,263 movies

282,532 particles (after 2D classification)
No 3D classification

All processing in cisTEM
Max. resolution in refinement: 4.2 A
Frames 2-30 (1.2 — 36 e/A2?)

FSC=0.143 @ ~2.9 A
FSC=0.5@ ~3.2 A

Genentech

CRYO-EM Genentech

Alexis Rohou, Chris Arthur, Christine Jao, Alberto Estevez, Chris Koth, Jian Payandeh, Claudio Ciferri’ """/« foche Grou




Cryo-EM of Navl.7-NavAb chimera for SM program

120 kDa tetramer + 2 Fabs
Total ~ 220 kDa
Detergent solubilized

Krios, energy filter, K2

13,263 movies

282,532 particles (after 2D classification)
No 3D classification

All processing in cisTEM
Max. resolution in refinement: 4.2 A
Frames 2-30 (1.2 — 36 e/A2?)

FSC=0.143 @ ~2.9 A
FSC=0.5@ ~3.2 A

@ CRVO-EM Genentech

Alexis Rohou, Chris Arthur, Christine Jao, Alberto Estevez, Chris Koth, Jian Payandeh, Claudio Giferri ™" %/ e toche Grou



Cryo-EM of Navl.7-NavAb chimera for SM program

120 kDa tetramer + 2 Fabs
Total ~ 220 kDa
Detergent solubilized

Krios, energy filter, K2

13,263 movies

282,532 particles (after 2D classification)
No 3D classification

All processing in cisTEM
Max. resolution in refinement: 4.2 A
Frames 2-30 (1.2 — 36 e/A2?)

FSC=0.143 @ ~2.9 A
FSC=0.5@ ~3.2 A

@EW&?EM | Genentech
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Cryo-EM of Navl.7-NavAb chimera for SM program

120 kDa tetramer + 2 Fabs
Total ~ 220 kDa
Detergent solubilized

Krios, energy filter, K2

13,263 movies

282,532 particles (after 2D classification)
No 3D classification

All processing in cisTEM
Max. resolution in refinement: 4.2 A
Frames 2-30 (1.2 — 36 e/A2?)

FSC=0.143 @ ~2.9 A
FSC=0.5@ ~3.2 A
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Cryo-EM of Navl.7-NavAb chimera for SM program

120 kDa tetramer + 2 Fabs
Total ~ 220 kDa
Detergent solubilized

Krios, energy filter, K2

13,263 movies

282,532 particles (after 2D classification)
No 3D classification

All processing in cisTEM
Max. resolution in refinement: 4.2 A
Frames 2-30 (1.2 — 36 e/A2?)

FSC=0.143 @ ~2.9 A
FSC=0.5@ ~3.2 A
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Venom peptides illuminate sodium channel pharmacology

a-toxins p-toxins B-toxins

Christopher Koth Jian Payandeh

{het
@ @ local anesthetics,

anti-arrhythmics & anti-epileptics
Genentech Ahuja et al. 2015
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Nav 1.7 — Toxins structural studies

Genentech

CRYO-EM

VSD2 VSD2
ProTx-Il activated ProTx-Il deactivated
Pl * m=w_ (S4down v
l,a— ~\\(S4 up) m( v /”‘“’\ ~\(\ )“"\"\"
Z, . / VAN p .
{ Wy gyt .

linker

187,192 particles 53,206 particles (18.5%)
(64.9%) 42 A
3.6A
I

AaH2-VSD4-DI S5-NavPas

domain (CTD) side view top view

Hui Xu
(Postdoc)

Thomas Clairfeuille
(Postdoc)

Science

THE SCORPION STING

34
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Strategies to achieve higher resolutions

[ d L
Structural basis for the modulation of voltage-gated
VSD4-NavAb . . .
sodium channels by animal toxins
e )1 & wJpt Huaizong Shen">**, Zhangqiang Li"***, Yan Jiang**, Xiaojing Pan"***, Jianping Wu">?f,
> Ben Cristofori-Armstrong?, Jennifer J. Smith*, Yanni K. Y. Chin?, Jianlin Lei®, Qiang Zhou'*3},
- Glenn F. King*l, Nieng Yan2>}{}
>
/ 4
L2 R A |
= i T Overall structure Pore domain
c ! —Dcla28A 1 —Dcta27A
2 = TTX26A =TTX26A
% 08 — STX32A 08 —STX31A
5 06 06
~ g 04 04
.E 02| Fsc=0143 02| FsC=0143
€ o 0 Y
0 01 02 03 04 0 o1 02 03 04 [ e RO
Resolution (1/A) Resolution (1/A) 24 27 30 33 36
C

* Toxins + GNE compounds
« Matrix screening PV 0.
o 3 & lf{i’\ s
. ~3A vsD. €476k A (e )
* Include early SM series (»} B Sy
Genentech > d

CRYO-EM - | X Genentech

A Member of the Roche Group
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Cryo-EM of NavPas-SM at ~3A

36

Genentech

Genentech
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Could Cryo-EM Structurally Enable ALL SM targets?

Exploring cutting-edge technology to enable all SM projects
|

2019 < Cryo-EM group goal: Enable small targets (<100kDa)

(95kDa) (70kDa) | (80kDa)

* Fab chaperone and Multimerization

Fully human IgG a tbody

¥ |

Marissa Mastumoto Garrett Gross Nikit Kumar - ~Rina — LYY
Genentech
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Next challenge: MicrokE

To determine structures of SM, macrocycles and proteins

a A Journal of the Gesellschaft Deutscher Chemiker ’ !

GDCh

International Eﬁ}on Ch em ’ e

www.angewandte.org

2 On
Tha s an open ey wrtce pudl wed under an ACS Auhor(hoce .
Copying s rediristion of th it o by adaphisims fo own. '
o

central —
science o om e i

The CryoEM Method MicroED as a Powerful Tool for Small Molecule
Structure Determination

Christopher G. Jones,"” Michael W. Martynowycz,* Johan Hattne, Tyler J. Fulton,’
Brian M. Stoltz,**® Jose A. Rodriguez, Hosea M. Nelson,*" and Tamir Gonen

E " Department of Chemistry and Biochemistry, *Howard Hughes Medical Institute, David Gefen School of Medicine, Departments of
Biological Chemistry and Physiology, and "UCLA-DOE Institute, University of California, Los Angeles, Calgornia 90095, United
States
J *The Warren and Katharine Schlinger Laboratory of Chemistry and Chemical Engineering California Institute of Technology,
\ Pasadena, Cabfornia 91125, United States

© Supporting Information . -

ABSTRACT: In the many sientific tnl .
by organic chemistry, wnambigoous il & Carolyn Bertozzi
molecules is of paramount importance. O & B CarahnBartors

NMR and other powerful spectroscopic t yne o
developed to address this chalenge. Whi

techaigoes rely on inference of connectiy s

Seemmen of sl micis o8 THIS i spectacular - could be totally game
and/or neatron difiraction studies. In pra

apulogphy el spied w ot Changing for natural products structure

due to intrinsic Gmitations of both tf

ad
=

Follow v

;;?:“;;;7,-,';:';,;:,:5::;:::; elucidation, and perhaps someday a mainline \
:"T‘I"n‘l'?iﬁl".f"ﬁ??’i'f‘iiii‘:",:; technique for organic synthesis as routine as
—— . NMR.
; ™1 .
\ \
N \

structures by MicroED. "Powder to structure” could be the next big
thing in chemical synthesis. dx.doi.org/10.26434/chemr.

] 9
4 Gonen lab @gonenlab
Nanocrystals of femtogram amounts of organic materials, one
a billionth the size of crystals used for X-ray, led to atomic-resolution
b

82 Retweets 225 Like a -06&0.0‘
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Next challenge: MicroED

To determine structures of SM, macrocycles and proteins
|

Ceta Ceta-D
39
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Next challenge: MicroED

To determine structures of SM, macrocycles and proteins
|

First example of MicroED structure determination at Genentech (Lisozyme at 2.5A)

Raw image indexed
Genentech -
enentec G
enentech
CRYO'EM W. Wan A Member of the Roche Group
: g, C. Arthur



3-5 years Plan for cryo-EM at Genentech

Drammatically increase the number of targets, Double Equipment and Increase Critical Mass

2015-2017

LM Research

(50%)  (50%),

By 2020

As of January 2018, SB has two EM instruments 2018

Research

(30%) SM

\ (70%) /

Talos:

e screening

e optimization

e epitope mapping

Krios:

e high-resolution

e priority to SM
pipeline projects

SM binding site

localization Structure-based drug design

Binding pocket mapping
(side chains)

Resolution

15 A 4.5 A 3.5A

Genentech
@CRVO-EM

2.5A @fb

In Cell CryoEM for SMDD >“

Genentech
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