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Iving cells are Glled with complex moleceler machinery, 3 milisa
times smaller thun famiar machises like computers or sute-
‘meblles. Celis wse these tiny molecular machioes to perform all of

the jobs needed for life, Some are molocular scissors that cut food ints
cellslzed pleces. Some bulld new molecules whea cells grow or when date-
aged tssues arv repaired. Some are melocslar buses and muscies that
support oells and belp them mow and crawl, Some fight off sttackers,
Gefeading against infection.

Researchers arcund the world are studyiag Dhese molecules and determin

lng their procise atemic structures. These structures are avallable on the

Internet throagh the Protein Data Bank (htty://www.pdb.org), the ceotral

storehouse of blomobecular structures. A few of the theasands of struc

fures hoid ln the Proteln Dats Bank are shown dere. In

W ®  these pictares, the melecules are all drawn at & magnih

0—. cation of 3,000,000 times, a0d each stom is shown a3 3

~-Mlqd&mm-nmd

= several subunits, which are inficated by different colors.

An enormoas range of sizes is shown here: the water mob-

ecule at the left has only three atoms aad the ridoovires shown delow has
hundreds of theusands.

By David 5. Gostrall. The Scripps Research luatitate, (3 jolla, Cabhrnia. USA %

Graphic desigs by Gall W. Ramber. San Diegs Sapercampater Center
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J. Biol. Chem. 280, 469-475 (2005).
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David S. Goodsell, RCSB Protein Data Bank.
doi: 10.2210/rcsb_pdb/goodsell-gallery-022 Nature 473, 55-60 (2011).
doi: 10.2210/rcsb_pdb/goodsell-gallery-025
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Ogawa et al. Cell Reports, 20, 2626-38 (2017)
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Dispensing and storage Monitoring drops
Dispenser Mosquito LCP (0.1 uL)
~ 3 min/plates
Imager Rocklmager (20 and 4 deg.), SONICC (UV and SHG)
Incubator capacity 1,920 plates (20 and 4 deg.)

ROy 7R EFRE. FOoy 78(RPLTHENML
2019 E (3906 7L — b= 1ER L 7=0  Kato et al Acta Cryst FTT 29-36 (2021).
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RESEARCH ARTICLE
Classification of crystallization outcomes
using deep convolutional neural networks

~ = Andrew E. Bruno', Patrick Charb 23 Janet . H. Sneus %, David
= %{E = R.So’, Vincent Vanhoucke’*, Chrlstopher-l Watkins®, Shawn Williams®, Julie Wilson™®
1 Center for C: ional R: h, U y at Buffab, Buifalo, New York. United States of America,
2 i Cl y, Duke Uni y, Durham, North Carolina, United States of America,
* # i% ‘@ 3 Department of Physics, Duks University, Dutham, North Carclina, United Statss of America, 4 Collaboratve
Crystallisation Certre, GSIRO, Parkville, Victoria, Australia, 5 Hauptman-Woodward Medical Research

Institute, Buffalo, New York, United States of America, 6 SUNY Buffalo, Department of Materials, Design, and
Innovation, Butfalo, New York United States of America, 7 Google Brain, Google Inc., Mountain View,
California, Urited States of America, 8 IM&T Scientific Computing, CSIRO Clayton Somh Victoria, Australia,
9 Piatform Technolgy and Sdi GI ine Inc., C il ivania, Urited States of
America, 10 D of Math Uni f York, York Umted Klngdom

(IR
Alt > & —)

* vanhoucke @google.com

Abstract

The Machine Recognition of Crystallization Outcomes (MARCO) initiative has assembled

roughly half a million annotated images of macromolecular crystallization experiments from
model accuracy various sources and setups. Here, state-of-the-art machine learning algorithms are trained
and tested on different parts of this data set. We find that more than 94% of the test images

. - 10 can be correctly labeled, irrespective of their experimental origin. Because crystal recogni-
C | e a r P r e C I p I ta t e d C ry S t a | WVJ\ML‘M tion is key to high-density screening and the systematic analysis of crystallization experi-
Al NE LS | M ments, this approach opens the door to both industrial and fundamental research
08 ; » FAANNVY applications.

Dee P ] Bruno et a/ PLoS ONE (2018)
learning ) HaRce =

02 - frain
— s
—— max accuracy
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https://marco.ccr.buffalo.edu/
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F—RINEICET B3R (9) 1.2 1.2 6 6 3
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