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Outline of Presentation

* The SSRL Structural Molecular Biology Program
- Early science — building the foundations
- Innovations in instrumentation and beam lines

- Scientific discovery

* SSRL and the Early SPEARS3 Era

- SPEARS - realizing funding and delivering the project
- And in parallel — building the foundations for LCLS
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Presentation Notes
Will do the SMB program first, as to a degree its success contributed to our ability to realize SPEAR3


SSRL SMB Program — a Brief Chronology and Key Milestones X

Macromolecular crystallography and EXAFS applications over 1974-1980

First NIH funding from NIH NCRR began with a Research Resource
Grant (P41) in 1980

Program scope (added SAXS) and user base expanded, and DOE OHER
(now BER) funding began in 1993

Since 1993, managed and operated as an integrated center for structural
biology with primary funding from NIH and BER augmented by private
and corporate investments

In 2023, NIH (from NIGMS) and BER support continues with planning
ongoing for the next 5 years of the program



Foundations of the SSRL SMB Program — Early Science
— Macromolecular Crystallography

* Earliest applications of synchrotron radiation to study biological
structure were fiber diffraction studies by Holmes and
Rosenbaum at DESY (first images in the summer of 1970)

* One of SSRL's first 5 experimental stations, BL1-4, was built by
Caltech and SSRL for fiber diffraction. My group modified the
BL1-4 instrument for crystal diffraction studies during 1974-75

* Subsequently, there were experiments involving anomalous
scattering — including by my group, David and Lilo Templeton,
and Wayne Hendrickson and collaborators

SSRL
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Foundations of the SSRL SMB Program — Early Science
— Macromolecular Crystallography on BL1-4 Ak
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* Observed anomalous scattering effects
at Fe (rubredoxin) and measured
effects of good collimation

* Reported striking observation that
higher intensity of SR offered
significant advantages with regard to
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Foundatlons of the SSRL SMB Program — Early Smence
— Macroi§ |
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Foundations of the SSRL SMB Program — Early Science
— Macromolecular Crystallography on BL1-4 il
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Foundations of the SSRL SMB Program — Early Science

— Macromolecular Crystallography on BL1-5

SSRL
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Fig. 1. Energy d d: of the ! ion terms "’ and f* in
the region of the e CuK absol orption d.geValcs ff and f" are in electrons.
Experimental values for ' (heavy line) were obtained from x-ray fluores-
cence from a single crystal of CBP; ideal f* values (thin line) for atomic Cu
are from (58). Experimental values for f' are derived by numcnml integra-
tion from the f”' s spectrum with the Kramers-Kroenig relation; ideal f'
values (thin line) are from Hénl theory (59). Derivation of the penmcnal
" and f" values was performed with an in-house program DISCO (60).

Phase Determination by Multiple-Wavelength
X-ray Diffraction: Crystal Structure of a Basic
“Blue” Copper Protein from Cucumbers

J. MrrcHELL Guss, ETHAN A. MERRITT,* R. PAUL PHIZACKERLEY, BRITT HEDMAN,
Mirrsuo MuraTa,T KeErrH O. HODGSON, AND HaNs C. FREEMAN
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* Earliest success in high
resolution “de novo” MAD
phasing for structure solution
using synchrotron radiation

* MAD data collection at SSRL
BL1-5 with MWPC -4
wavelengths — required 8
days

* Phasing of the 10-kD protein
using native Cu atom gave
excellent electron density
map at ~2.5 A resolution


Presenter Notes
Presentation Notes
This is the first MAD phasing results of a de novo structure determination.  MAD phasing with SR revolutionized how protein crystallography was done and together with the extreme brightness of SR has enabled access to the most complex and challenging classes of macromolecular structures.  Around this time Julia Goodfellow also jointed the team as a Postdoc.

Around the same time (somewhat Earlier), Roger Fourme at LURE began utilizing a MWPC area detector for MC in the early 80ties
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Julia Goodfellow was a postdoc and member of the team in the late seventies.


Foundations of the SSRL SMB Program — Early XAS and Science

SSRL -

* SSRL’'s BL1-5 designed in
cooperation with Bell Labs and
Seattle Groups for XAS studies

* Many key players, including
Bienenstock and Hunter, Doniach,
Ashley and Kincaid, Bell Labs
group (Eisenberger and

EXAFS 1974 — Parasitic Operation on SPEAR

collaborators) and Sayers, Lytle T
and Stern §_M’\/»</a:z¢;::;:::
E )
* Earliest bio applications at BL1-5 !
were on Fe in hemoglobin and e -

rubredoxin

P. Eisenberger, B. Kincaid
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Sally Hunter, a Stanford graduate student working with Professor Artie Bienenstock, loading a sample for EXAFS measurements on Beam Line 1-5.  The blue box was the original “hutch” at SSRL.  Very first experiments demonstrated the enormous advantage provided by synchrotron radiation from a stable storage ring source.


Foundations of the SSRL SMB Program — Early XAS Bioscience

SSRL
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“The promise of EXAFS as an important new tool to
investigate the structure and function in biological and
chemical systems was quickly realized” (Doniach, Hodgson,
Lindau, Pianetta and Winick, J. Synch. Rad. (1997) 380-395)

nsform magnitude

Relative trai

Studies by students and postdocs in my group with
collaborators in 1976-79 period included:

* First de-novo determination of metal cluster active site —
nitrogenase

* Active site of cytochrome P-450 and details of key axial
sulfur ligand to Fe

* Finding of unusually short Cu-S bond in the “blue copper
protein” azurin

Steve Cramer, Tom Eccles, Tom Tullius and collaborators

11



Biological SAXS/diffraction started in 1974 at
SSRL — BL1-4 — Caltech — John Baldeschwieler,
Nick Webb — frog muscle

Early 80ties, a SAXS camera was built and used
part time on BL2-1 as element of SSRL SMB’s
NIH NCRR-funded resource

Early focus on anomalous scattering (Doniach,
Fairclough, Miake-Lye, Stroud, Hubbard)

In 1991, Hiro Tsuruta arrived to lead building the
dedicated SAXS program in its current “home”
BL4-2




Selected Innovations from the SSRL SMB Program

SSRL ~
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* Macromolecular Crystallography - Robotics and
Remote Access

- Instruments fully automated with robotic sample handling
at cryogenic temperatures (>1M samples handled)

- Users perform experiments remotely (~95%)

——  [Fe,S,(SPh).J
cee [FeSe,(sPh)J*
-~ [FesCIF

p

* Dilute metalloprotein EXAFS with extension to
tender energies

Normalized Absorption

- Stable beams, LHe sample environment, high-performing £5%
detector arrays for high-resolution structures

- Ligand (S, CI) as reporter for enzyme active sites

* Time-resolved solution x-ray scattering

- Automation and robotics with millisec time resolution

- Integrated microfluidics and sample purification
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Presentation Notes
By the mid to late 90ties, synchrotron radiation had enabled a revolutionary growth in macromolecular crystallography.  This was enabled in part by the development of new instrumentation and user friendly, integrated instrument control software.  Shown above are SSRL scientists Aina Cohen and Tim McPhillips aligning the diffraction instrument on SSRL beam line 9-2.  A fast, large area CCD is used to record the diffraction images.


Selected Innovations from the SSRL SMB Program
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Presentation Notes
By the mid to late 90ties, synchrotron radiation had enabled a revolutionary growth in macromolecular crystallography.  This was enabled in part by the development of new instrumentation and user friendly, integrated instrument control software.  Shown above are SSRL scientists Aina Cohen and Tim McPhillips aligning the diffraction instrument on SSRL beam line 9-2.  A fast, large area CCD is used to record the diffraction images.


Innovations from the SSRL SMB Program — SMB Beam Lines and
Partnerships SSRL-

* Beam Line 9 (1994) s
- Funded by DOE-BER, 15t to take x-rays from SPEAR3 ‘i A
- Dedicated stations for MC and bio-XAS

* Beam Line 12-2, a “Molecular Observatory” (2008)

- Partnership with CalTech and funding from the Gordon
and Betty Moore Foundation

- SSRLU’s first high brightness undulator beam line for MC
* Beam Line 12-1 (2020)

- Partnership with Scripps Research Institute and
Stanford, funding from NIGMS donors and foundations /

- 2"d high brightness mircofocus MC BL with most ;
advanced x-ray area detector 15



Scientific Discovery from the SSRL SMB Program — Nobel Prizes N7
58

* Synchrotron-based
macromolecular
crystallography has
contributed directly
to 7 Nobel Prizes

* Two of these made
extensive use of
data from SSRL

Brian Kobilka and Robert beam lines, and 2
Lefkowitz— 2012 - G- Frances Arnold — 2018 — Others more ||m|ted
Coupled Protein Directed Evolution

Receptors use

Roger Kornberg - 2006
- RNA Polymerase I

16
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Six are:  Walker (ATPase), Ramakrishnan,Steitz,Yonath Ribosome, Kornberg polyII, Mackinnon K channels, Kobilka GPCRs, Arnold Dir evol, Doudna (Crispr)


The SSRL SMB Program — A Few Reflections

SSRL SMB and its user community responded to the challenge
during the COVID-19 pandemic to gain molecular insight into
the SARS-CoV-2 virus, since 2020:

- About 50 SARS-CoV-2 related publications

- Over 1500 fragments/inhibitors screened

SARS-CoV-2 main s ‘g,,;t’{:_

>0 .
protease with inhibitor v ok v
— drug developed /v‘ \,

A

(Anivive) —

SSRL
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- More than 160 structures deposited in the Protein Data Bank
- Contributed to 4 drugs in clinical trials

- Partner in the DOE NVBL

Looking back over the SMB program’s 43 years:

- More than 3500 beam time proposals
- More than 5800 pubs

SARS-CoV-2 — antibody complex with
surface antigen spike protein — detailing
receptor-binding domain
IA Wilson et al. Science 2020 doi:
10.1126/science.abd2321

- Contributed to more than 1000 Ph.D. and M.Sc. theses

17



SPEARS3 - a 3rd Generation Light Source Dedicated

to the SSRL Users from 2004 s SSRIZ




The SPEAR3 Era — Funding and the SPEAR3 Project

SSRL

56

* Concept dates back to mid-1990ties, discussions with BES about a
new SSRL light source, planning workshops, etc.

* Within an interagency working group framework, NIH proposed to
support upgrades at SSRL and NSLS and an agreement was reached
with DOE. News of project approval arrived on May 25, 1999

Tom Elioff, * Project was jointly funded ($58M), starting June 1, 1999, and
Director completed (CD4) November 24, 2003 (ahead of schedule and within
budget)

* Superb organization - management of more than 400 people at SLAC
contributing to the project

* Built upon SLAC and SSRL core competencies — especially PEP-
enabled RF and vacuum system

Bob Hettel, * Removal of SPEAR2 and installation of SPEAR3 completed in only 7
Deputy Director months. No reportable accidents over life of the project

19
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CD4 approval was given by DOE on November 24. This Level 1
milestone, established at the beginning of the project was achieved 3 months ahead of
schedule and the final costs was $57,993.7K. 


SPEARS3 - Installation

SSRL
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SPEARS3 - Transition from 24 to 3¢ Generation m @?

SPEARS Installation Time Line

* Begin: Mar 31, 2003

* Remove SPEAR2: Mar 31 — May 8

* B118 renovation: Mar 31 — Oct 6

* Pour concrete floor: May 8 — June 20

* Install new monuments: June 20 — July 25

* Install mounting plates & holes: July 1 —Aug 11
* Install girders & straights: Aug 11 — Aug 29

* Install cable plant: Aug 25 — Oct 1

T

* Install vacuum hardware: Aug 18 — Oct 16 - £

* Leak-check, pump-down: Sept 8 — Oct 20 Richard Boyce

* Final survey: Oct 20 — Oct 30 .

* Lock ring-Installation complete: Oct 30 PrOJeCt
Engineer

* Complete removal of all SPEAR2 components (~1 million Ibs of magnets and equipment)
* Preparation of tunnel with new concrete foundation and new survey monuments
* Installation of all SPEARS systems and components (about 1.25 million Ibs)

* Completed on schedule in an amazingly short ~7 months

20
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CD4 approval was given by DOE on November 24. This Level 1
milestone, established at the beginning of the project was achieved 3 months ahead of
schedule and the final costs was $57,993.7K. 


SPEARS3 - Installation

* Remove
* B118rer
* Pour cor
* Install ne
* Install m

nd equipment)
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CD4 approval was given by DOE on November 24. This Level 1
milestone, established at the beginning of the project was achieved 3 months ahead of
schedule and the final costs was $57,993.7K. 


The SPEAR3 Era — Funding and the SPEAR3 Project

SSRL




The SPEAR3 Era — Commissioning — A Spectacular Start!

A Brighter Source at
Stanford Synchrotron Radiation Laboratory

As of mid July, 2004 — 10 of 11 beam
lines had been certified by Radiation

SPEAR3 Commissioning News

g Physics and opened. On these beam

il SPEAR3 Commissioning Continues Smoothly

R R T A RS A lines, 20 experimental stations were

laboratories world-wide. 100 mA was first stored on January 22 Since then the kfetime has been steadily increasmg with vacuum

sonery 22, 2008 operational/scheduled

SPEAR3 Achieves 100 mA Stored Current Milestone

St current n SPEAR3 reached 100 mA at about 10 pm Thursday Jan 22. The newly repaired Stored Current Interlock stopped
injection at 105 mA as specified The lfetime at 100 mA was —4.5 hr - not bad for now. We expect it to improve by a factor of 10 or
more when the ong sc fully scrubbed and ned up. Thanks to the EE, EDM, Accel Phys and Operations staff who perservered i solving

January 20, 2004

SPEAR3 Achieves 100 mA Stored Cuirent Milestone

* On July 31, 2004 — first user run ended
A e Sy S— — integrated delivery since first users in
Sty 200 ‘ mid-March was 97.1%

Excellent Commissioning Progress over the Holiday Break

The commissioning of SPEAR 3 has progressed extremely well during the December holiday break. The following message was sent by
Tames Safranek, head of the commissioning team, on New Year's Day, 2004

Fust Accumulated Beamn i SPEAR3!

The first accumulated beam in SPEAR 3 occurred at 17:13:45 on Monday Dec. [l

December 15, 2003
15, 2003. It was stopped at ~1 mA to allow condtioning of the vacuum system. [

T, * On January 29, 2004 — SLAC held a gala
CRCRE e e celebration to dedicate the new SPEAR3
Major milestones were observed this week as SPEAR operators 1 a CCe I e rato r

reported the first beam signals at SPEAR3 on December 10th - night

Energy: 3.000 GeV Beam Status: Beams Beam Cwrrent: 89.74 mA
SPEAR Current History 20-JUL-2004 89:15
160 ; B E T T T

March 8 — first beam

was brought into an ° On August 13, 2004 - the SPEAR3

(egfg_”sn;ema' hutch project team was recognized by a

~ Secretary of Energy’s Project
Management Award

Vacuum Quality”: 2.96 Ah Lifetime: 31.43 h
Loss Rate: 0.05 mA/min

23




The SPEAR3 Dedication — January 29, 2004 — a New Era for SSRL

SPEAR3 provided SSRL and SLAC new opportunities for delivery of discovery
science and capacity for growth and a very bright future for synchrotron science!



Presenter Notes
Presentation Notes
Pat Dehmer - On behalf of the Secretary Abraham, I have the great honor to present you with the U.S. Department of Energy's Distinguished Associate Award "for your many accomplishments and leadership in the project management of major accelerator construction for the Department of Energy. Especially noted are your contributions to the PEP I, SSC, PEP II, and SPEAR3 projects." 

Mention Diana Rogers
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SPEARS3 - SLAC and Stanford Leadership — Vision and Commitment

56

* Stanford

- John Hennessy and John Etchemendy and
Artie Bienenstock

* SLAC

- Directors Burt Richter and Jonathan Dorfan

25
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John and John – both started 2000
Artie – SSRL Dir, then OSTP Associate Director for Science, starting in  fall 1997-Jan 2001; VP and DoR 2003-2006
Burt – slac dir 84-99
Jonathan slac dir 99-07


SSRL - Building the Case and Organization for the LCLS

SSRL ~

LCLS - the Project Team in 2001

_99AL

John Galayda
joined SLAC
as new
project
manager in
April 2001

SLAC/SSRL
K. Hodgson

FEL Physics
C. Pellegrini UCLA

H.-D. Nuhn, SLAC
(deputy)

Control I
H.-D. Nuhn, SLAC I

Undulator
E. Gluskin, ANL

Scientific

56

* SSRL scientists and collaborators began to develop

the case for an XFEL based on the SLAC Linac in
the early-to-mid 1990ies (Artie’s talk)

* SSRL provided the organizational infrastructure
within SLAC to move from a concept to a project —
including interactions with BES/BESAC and

overseeing an LCLC SAC

The LCLS at SLAC - Alliances and Collaborations

1. Lindau, SLAC /
Lund Univ.

X-ray Optics

L
V. Bharadwaj, SLAC

A. Wootton, LLNL

ADVANCED
PHOTON
SOURCE

LCLS - an R&D facility engaging a
broad range of experience and
capabilities drawn from the
synchrotron, laser and high energy
physics communities

CDO in June 2001




Building the Foundation for the LCLS — The Scientific Case

SSRL

« Initiated by SSRL Director Keith Hodgson

+ Developed by international team of ~ 50
scientists

+ Approved by LCLS SAC

Femtochemistry

Dan Imre, BNL

Team leaders and BESAC talks:

Plasma and Warm Dense
Matter

Richard Lee, LLNL

ics in
Condensed Matter

Atomic Physics

Phil Bucksbaum,
Univ. of Michigan

, APS
Structural Studies on Single Janos Hajdu,
Particles and Biomolecules Uppsala Univ.

X-ray Laser Physics Jerry Hastings, BNL

Stanford Linear Acce

Stanford Synchrotron Rediati

‘ LCLS Science Program — New Opportunities for Discovery

Program recommended by
the LCLS SAC and being
developed by SSRL/LCLS
working with an
international  team  of
scientists working  with
accelerator and  laser
physics communities

istry and Biolog
motions of atoms and molecules

Nanostructured Materials — structure
dynamics and function at sub nm scales

Atomic Physics — exploring how electrons
move

Plasmas and Warm Dense Matter — creating
and studying exotic states of matter

Towen g
Imaging of Nanoclusters and Single
) Bi lecules — str it crystals

\!‘ X-ray Laser Physics — pushing the
= boundaries of x-ray properties

59

LCLS Science Advisory Committee charged to develop
the initial science program

Engaged an international team of experts

The resulting “First Experiments Document” was
completed in September, 2000 and presented to DOE
BESAC in October, 2000

Received unanimous endorsement of BESAC to
prepare and submit the formal LCLS CDR

CDO0 was approved in June, 2001
Led to near and far hall experimental halls concept

Catalyzed the development of the Sub-picosecond
Photon Source (SPPS) and the case for the
SLAC/Stanford PULSE Institute

Also organized a Technical Advisory Committee (TAC) »-


Presenter Notes
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TAC chaired by Bill Colson - Naval Postgraduate School (NPS), Chairman
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Program recommended by
the LCLS SAC and being
developed by SSRL/LCLS
working with an
international ~ team  of
scientists  working  with
accelerator  and  laser
physics communities

- Atomic Physics — exploring how electi

portunities for Discovery

ltochemistry and Biology — watching
_ions of atoms and molecules

Nanostructured Materials — structure
dynamics and function at sub nm sca

move

Plasmas and Warm Dense Matter — cra
and studying exotic states of matter
Imaging of Nanoclusters and Single
Bi lecules — str it cry]

X-ray Laser Physics — pushing the
boundaries of x-ray properties




And 50 Years! Thanks to the Vision, Commitment and Effort of so
Many Dedicated SSRL Staff
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