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L1

PRIN CI PLES OF PRO TEIN CRYS TAL LI ZA TION I: THE NA TURE OF PRO TEIN
CRYS TALS AND THE PHYS I CAL CHEM IS TRY OF THEIR FORMATION 

Bernhard Rupp

k.-k. Hofkristallamt, Vista, CA 92084, USA
Innsbruck Med i cal Uni ver sity, A 6020 Innsbruck, Aus tria, br@hofkristallamt.org

Pro tein crys tal li za tion is the self-as sem bly of pro tein mol e -
cules into an or dered, pe ri odic struc ture, the pro tein crys tal. 
Pro tein mol e cules how ever are large, com plex, and flex i ble 
mol e cules and most pro teins are there fore dif fi cult to crys -
tal lize. To un der stand how to find con di tions that al low
crys tal for ma tion, we need to un der stand the physico-
 chem i cal na ture of pro teins and how to mod ify their sol u -
bil ity and lo cal sur face prop erty dis tri bu tion. Once we un -
der stand what con di tions mustbe ful filled for crys tal-

lization to oc cur, the ques tion is how to (a) ob tain a pro tein
that ac tu ally can crys tal lize, and (b) how to ef fi ciently sam -
ple the mul ti tude of pos si ble re agent com bi na tions that
might pro vide the right con di tions. The ini tial screen ing or
sam pling then informs us how to pro ceed fur ther and how
to op ti mize crys tal growth, and of ten also in di cates that fur -
ther ex am i na tion and modification of the protein itself may
be necessary to achieve successful crystallization. 

L2

CAP IL LARY COUNTERDIFFUSION TECH NIQUE FOR PRO TEIN CRYS TAL LI ZA TION
AND SCREEN ING

José A. Gavira

Laboratorio de Estudios Cristalográficos. CSIC-Universidad de Granada, Granada, Spain

Pro tein crys tals are al ways grown from aque ous so lu tions
and there fore ac tual crys tal li za tion ex per i ments are af -
fected by grav ity. Typ i cally, pro tein crys tal li za tion ex per i -
ments dis play phe nom ena such as evap o ra tion, sedi men-
 tation, and con vec tive mix ing, that al ter the ho mo ge ne ity
of the vol ume of the so lu tions, and that some times pro voke
un wanted com plex dy nam ics, which are dif fi cult to con -
trol. There fore, re mov ing grav ity driven phe nom ena, such
as sed i men ta tion and con vec tion, is a way to con trol the
space and time evo lu tion of the ex per i ments. Also, it also
opens an al ter na tive ap proach to de sign pro tein crys tal li za -
tion ex per i ments by cou pling dif fu sion mass trans port and
chem i cal pre cip i ta tion. 

In this talk, I will in tro duce the fundaments of the crys -
tal li za tion method named counterdiffusion, which is based
on the cou pling of the pre cip i ta tion and the dif fu sion trans -
port of the mol e cules of pro teins and antisolvents used to
re duce the sol u bil ity of the pro tein. The tech nique can be
per formed with dif fer ent im ple men ta tions, namely in gels,
in cap il lary vol umes and low grav ity en vi ron ments in

space. I will in tro duce first the fun da men tal ba sis to un der -
stand the time evo lu tion of the supersaturation and
supersaturation rate along the crys tal li za tion re ac tor and
how this can be used to de sign very ef fi cient screen ing of
the crys tal li za tion con di tions. Then, I will ex plain why and
how this tech nique can be uti lized for the op ti mi za tion of
crys tal size and crys tal qual ity of pro teins. The dif fer ent
im ple men ta tions will be shown with the help of video dem -
on stra tions.

F. Otálora, J. A. Gavira, J. D. Ng. and J. M. García-Ruiz.
Counterdiffusion meth ods ap plied to pro tein crys tal li za -
tion. Prog ress in  Bio phys ics and Mo lec u lar Bi ol ogy 101
(2009) 26-37.

J. M. Gar cia-Ruiz and L. A. González-Ramírez, Cap il lary
counterdiffusion ex per i ments with prefilled Granada Crys -
tal li za tion Boxes. Pro tein Crys tal li za tion: Sec ond Edi tion
Terese Bergfors, Ed; IUL Bio tech nol ogy Se ries. In ter na -
tional Uni ver sity line 2009; pp 395-400.
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L3

CRYS TAL LI ZA TION OF MEM BRANE PRO TEINS IN LIPIDIC SYSTEMS

Mar tin Caffrey 

Mem brane Struc tural and Func tional Bi ol ogy Group, Trin ity Col lege Dub lin, Ire land, mar tin.caffrey@tcd.ie

One of the pri mary im passes on the route that even tu ally
leads to mem brane pro tein struc ture through to ac tiv ity and 
func tion is found at the crys tal pro duc tion stage.  Dif frac -
tion qual ity crys tals, with which an atomic res o lu tion struc -
ture is sought, are par tic u larly dif fi cult to pre pare cur rently
when a mem brane source is used.  The rea son for this lies
partly in our lim ited abil ity to ma nip u late pro teins with hy -
dro pho bic/amphipathic sur faces that are usu ally en vel oped 
with mem brane lipid.  More of ten than not, the pro tein gets
trapped as an in trac ta ble ag gre gate in its wa tery course
from mem brane to crys tal.  As a re sult, ac cess to the struc -
ture and thus func tion of tens of thou sands of mem brane
pro teins is lim ited.  The health con se quences of this are
great given the role mem brane pro teins play in dis ease;
blind ness and cys tic fi bro sis are ex am ples.  In con trast, a
ver i ta ble cor nu co pia of sol u ble pro teins have of fered up
their struc ture and valu able in sight into func tion, re flect ing
the rel a tive ease with which they are crys tal lized.  There
ex ists there fore a press ing need for new ways of pro duc ing
crys tals of mem brane pro teins.  In this pre sen ta tion, I will
re view the field of mem brane pro tein crystallogenesis. 
Em pha sis will be placed on crys tal li za tion ap proaches
which make use of the lipidic sys tems.  In my talk I will de -
scribe these meth ods and our prog ress in un der stand ing

how they work at a mo lec u lar level.  The practicalities of
im ple ment ing these meth ods in low- and high-through put
modes will be ex am ined.  A prac ti cal dem on stra tion of the
lipid cu bic phase or in meso method will be given at the
FEBS Lab Excercises on Tuesday, June 28.   

Use ful ref er ences

Caffrey, M. 2015. A com pre hen sive re view of the lipid cu bic
phase or in meso method for crys tal liz ing mem brane and
sol u ble pro teins and com plexes. Acta Cryst. F71, 3-18.
https://doi.org/10.1107/S2053230X14026843 

Caffrey, M., Cherezov, V. 2009.  Crys tal liz ing Mem brane Pro -
teins In Lipidic Mesophases.  Na ture Pro to cols.  4:706-731. 
(PMID: 19390528).
https://www.nature.com/articles/nprot.2009.31 

Caffrey, M., Por ter, C. 2010. Crys tal liz ing mem brane pro teins
for struc ture de ter mi na tion us ing lipidic mesophases.  J.
Vis. Exp. 45: www.jove.com/in dex/de tails.stp?id=1712
(doi 10.3791/1712).
www.jove.com/index/details.stp?id=1712

http://www.tcd.ie/Biochemistry/research/publications_mcaffrey
.php 

Sup ported in part by Sci ence Foun da tion Ire land (12/IA/
1255).

L4

CON VEN TIONAL CRYS TAL LI ZA TION METH ODS AND THEIR MODIFICATIONS

Jeroen R. Mesters

In sti tute of Bio chem is try, Lübeck Uni ver sity, Ratzeburger Allee 160, 23538 Lübeck, Ger many
mesters@biochem.uni-luebeck.de

Once the sol u bil ity of the pro tein has been op ti mized
(Hofmeister se ries and DLS), typ i cally sim ple hang ing or
sit ting drop va por dif fu sion ex per i ments are used in or der
to ob tain pro tein crys tals suit able for sin gle crys tal X-ray
dif frac tion ex per i ments. The tra di tional type of ex per i ment 
can be mod i fied by sev eral pre and post set-up tech niques
to over come some of the short com ings of the clas si cal crys -
tal li za tion va por dif fu sion tech nique:

A se lec tion of pre set-up, vapour dif fu sion ex per i ment
al ter ations 

1. one-for-all res er voir so lu tion
2. use of dyes or flu o res cent dye-la belled pro teins
3. ad di tion of pro teas es for in situ, lim ited pro te ol y sis
4. microseed ma trix seed ing to out wit nu cle ation
5. in ser tion of an oil bar rier that will slow down the 

         equil i bra tion rate
6. use of gels to, among other ef fects, slow down 

          con vec tion in the drop let

7. use of cap il lar ies in va por dif fu sion mode to 
         min i mize han dling of crys tals

A se lec tion of post set-up, vapour dif fu sion ex per i ment
al ter ations

1. change res er voir pre cip i tant con cen tra tion
2. change tem per a ture
3. change pH
4. microseeding
Some of the short com ings of con ven tional crys tal li za -

tion va por dif fu sion set-ups will be dis cussed and the sim -
plest but most ef fec tive mod i fi ca tions will be re viewed.
Most im por tant, the ex per i men ta tion does not stop af ter the 
cover slide is placed over the res er voir! Ac tu ally, now the
work starts.
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Prim ers and Links
I. J. Drenth, Prin ci ples of Pro tein X-ray 

         Crys tal log ra phy (Third Edi tion, Chap ter 16), 
         Springer Sci ence+Busi ness Me dia LLC

II. T.M. Bergfors, Pro tein crys tal li za tion strat e gies, 
          tech niques, and tips,  IUL Bio tech nol ogy se ries

III. A. Ducruix and R. Giegé, Crys tal li za tion of nu cleic 
          ac ids and pro teins, Ox ford Uni ver sity Press

IV. A. McPherson, Crys tal li za tion of bi o log i cal 
          macromo lecules, Cold Spring Har bor Lab o ra tory 
          Press

V. S. Iwata, meth ods and re sults in crys tal li za tion of 
           mem brane pro teins, In ter na tional Uni ver sity Line 
          Bio tech nol ogy se ries

VI. N. Chayen, Pro tein Crys tal li za tion Strat e gies for 
          Struc tural Genomics, IUL Bio tech nol ogy Se ries

VII. www.iobcr.org.

L5

Lec ture by IUBMB speaker

MOLECULAR MOVIES WITH NANOCRYSTALS USING 
XFELS: SMALL IS BEAUTIFUL 

Petra Fromme  

The Biodesign Cen ter for Ap plied Struc tural Dis cov ery and School of Mo lec u lar Sci ences, Tempe, 
Ar i zona 85287-1604 USA

Bi o log i cal pro cesses are highly dy namic, while most of the
struc tures of biomolecules de ter mined by X-ray crys tal log -
ra phy rep re sent a static pic ture of the mol e cule.  Se rial
Femto second crys tal log ra phy (SFX) pro vides a novel con -
cept for struc ture de ter mi na tion, where X-ray dif frac tion
“snap shots” are col lected from a fully hy drated stream of
nanocrystals, us ing femto second pulses at the high en ergy
X-ray free-elec tron la ser, the Linac Co her ent Light Source
[1, 2]. As femto second pulses are briefer than the
time-scale of most dam age pro cesses, femto second crys tal -
log ra phy over comes the prob lem of X-ray dam age in crys -
tal log ra phy [3]. The con cept of fs crys tal log ra phy ex tends
to atomic res o lu tion [4, 5] and has been ap plied to the study 
of light driven pro cesses in Pho to syn the sis and im por tant
mem brane pro tein drug tar gets crys tal lized in lipidic en vi -
ron ments[6-16]. First ex per i ments on the proof of prin ci ple 
for time re solved se rial femto second crys tal log ra phy
[11-16] pave the way for the de ter mi na tion of mo lec u lar
mov ies of the dy nam ics of pro teins “at work”. These new
dis cov er ies open new fron tiers in struc ture-based drug de -
vel op ment. 

1. Chap man,HN, Fromme,P, Barty, A. et al Na ture 2011,
470, 73-77.

2. Fromme P., Spence JC. Curr Opin Struct Biol 2011, 21:
509-516.

3. Barty,A, Caleman,C, Aquila,A et al. Na ture Pho ton ics
2012, 6, 35–40.

4. Boutet S, Lomb L, Wil liams GJ, et al Sci ence 2012, 337:
362-364.

5. Redecke L, Nass K, Deponte DP. et al Sci ence 2013, 339,
227-30.

6. Liu W, Wacker D, Gati C et al Sci ence 2013, 342:
1521-1524.

7. Weierstall, U, James, D, Wang, C et al. Na ture Com mu ni -
ca tions 2014, 5, 3309.

8. Fenalti et al Na ture Struc Mol Biol, 2015, 22 (3),
265-268.

9. Zhang, H., Unal, H., Gati, C et al. 2015. Cell 161, 833-844.

10. Kang YY, Zhou XE, Gao X, Na ture 2015, 523: p.
561-567.   

11. Aquila,A, Hunter,MS, Doak,RB, et al HN Op tics Ex press
2012, 20 (3), 2706-16.

12. Kupitz, C, Basu, S, Grotjohann, I et al Na ture 2014, 513,
261-5.

13. Tenboer, J., Basu, S., Zatsepin, N. et al Sci ence 2014, 346,
1242-1246 .

14. Pande, K., Hutchison, C.D.M., Groenhof, G., Sci ence
2016, 352(6286), 725-729.

15. Stagno, J.R., Liu, Y., Bhandari, Y.R., et al Na ture 2017, 
541(7636), 242-246.

16. Kupitz, C., Olmos, J.L., Jr., Holl, M. et al Struct Dyn,
2017,  4(4), 044003 .
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L6

PRINCIPLES OF PROTEIN CRYSTALLIZATION II: 
METHODS, EVALUATION, AND PROPERTIES OF 'REAL' CRYSTALS 

Bernhard Rupp

k.-k. Hofkristallamt, Vista, CA 92084, USA 
Innsbruck Med i cal Uni ver sity, A 6020 Innsbruck, Aus tria

br@hofkristallamt.org

The sec ond lec ture cov ers as pects of the ac tual how-to of
crys tal screen ing and har vest ing, in clud ing post-mor tem
anal y sis in case things do not turn out well. Prac ti cal as -
pects of pro tein  crys tal li za tion in clude the use of ro bot ics
and prior in for ma tion aim ing to ex tract the most in for ma -
tion from the least amount of pre cious ma te rial, or in other
words, to max i mize the efficency of the pro cess.  We dis -
cuss var i ous screen ing setup tech niques, some sam pling
the ory and data min ing re sults, as well as anal y sis and op ti -

mi za tion of crys tals. The crys tals also need to be har vested
and of ten cryo-pro tected be fore they can be ex posed to
X-rays. Real crys tals have of ten de fects or ex hibit mi cro -
scopic twinning. Fi nally, we in tro duce (there will be more
lec tures on this im por tant sub ject) a few meth ods to ra tio -
nal ize rea sons why no or no well dif fract ing crys tals could
be grown, with em pha sis is on as sess ment of sta bil ity and
conformational pu rity of the pro teins. 

L7

UN CON VEN TIONAL CRYS TAL LI ZA TION STRATEGIES AND TECH NIQUES FOR
SCREEN ING AND OPTIMIZATION

Na omi E. Chayen

Com pu ta tional and Sys tems Med i cine, De part ment of Sur gery and Can cer, Fac ulty of Medicine, Im pe rial
Col lege Lon don, Lon don SW7 2AZ, UK

n.chayen@im pe rial.ac.uk

All pre scrip tion drugs on the mar ket to day, which ac count
for bil lions of pounds in an nual sales world wide, di rectly
or in di rectly tar get pro teins. Pro tein func tions are de ter -
mined by their three-di men sional struc tures, hence de tailed 
un der stand ing of pro tein struc ture is es sen tial for ra tio nal
de sign of ther a peu tic treat ments. Ex am ples in clude can cer,
obe sity, car dio vas cu lar dis or ders, au to im mune dis eases
and a mul ti tude of other ail ments. 

The most pow er ful method for de ter min ing the struc -
ture of pro teins is X-ray crys tal log ra phy which is to tally re -
li ant on the avail abil ity of high qual ity crys tals, but
pro duc ing use ful crys tals has al ways been, and still re -
mains, the bot tle neck to struc ture de ter mi na tion. 

There is no ‘magic bul let’ that will guar an tee the yield
of good crys tals, hence ra tio nal ap proaches lead ing to the
de vel op ment of new and im proved tech nol o gies for ob tain -
ing high qual ity crys tals is of cru cial im por tance to prog -
ress.

This talk will pres ent strat e gies for in creas ing the
chances of suc cess and high light a va ri ety of prac ti cal
meth ods that re sulted in suc cess ful crys tal li za tion in cases
where stan dard pro ce dures have failed. The meth ods in -

volve ac tive in flu ence and con trol of the crys tal li za tion en -
vi ron ment, in or der to lead crys tal growth to the de sired
re sult. Many of the tech niques can be au to mated and
adapted to high through put mode and sev eral have been
pat ented and com mer cial ised. 

1. Chayen and Saridakis (2008) Na ture Meth ods 5, 147-153.

2. Chayen, Helliwell and Snell Macromolecular Crys tal li za -
tion and Crys tal Per fec tion, Ox ford   Uni ver sity Press, Ox -
ford, UK (2010).

3. Saridakis et al. (2011) Proc. Natl. Acad. Sci. U.S.A. 108,
11081-11086.

4. Khurshid et al. (2014) Na ture Pro to cols 9, Pages:
1621–1633.

5. Govada et al. (2016) Sci en tific Re ports - Na ture 6:20053
DOI: 10.1038/srep20053.

6. Nanev et al. (2017) Sci en tific Re ports Na ture Pub lish ing
Group 7:35821.

7. http://quicktech.imperialinnovations.co.uk/i/ma te ri -
als/CRMIP.html.
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L8

IN TER PRE TA TION OF THE CRYS TAL LI ZA TION DROP RE SULTS

Terese Bergfors

Uppsala Uni ver sity, Swe den, 753 29 Upsalla
terese.bergfors@icm.uu.se 

The crys tal li za tion drop is full of in for ma tion for the per -
son who knows what to look for.  How ever, for the in ex pe -
ri enced ob server, the in ter pre ta tion of the phe nom ena in
the crys tal li za tion drop is not al ways a straight for ward pro -
cess.  While it is some times easy to rec og nize a crys tal,
what about all those other solid phases of pro teins like oils,
pre cip i tates, spheru lites, and gels? Are they worth op ti miz -
ing, or should one con tinue screen ing for new con di tions?
What does it mean when the pro tein "oils out"?   What does
phase sep a ra tion look like and how does it af fect the out -
come of the ex per i ment?  How can you rec og nize a prom is -

ing pre cip i tate from a "bad" one?  What are the best types
of crys tals to use as seeds?  

This lec ture will give pres ent pic to rial ex am ples of the
most com monly en coun tered re sults in crys tal li za tion
drops and dis cuss how to rec og nize the dif fer ent phe nom -
ena, and what to do with them.  It will also cover ex am ples
of UV-im ag ing, one of the meth ods for dis tin guish ing salt
from pro tein crys tals. While highly use ful, it still has some
pit falls and lim i ta tions. Ex am ples of both false-neg a tive
and false-pos i tive UV im ages will be dis cussed. 

A pic to rial li brary of crys tal li za tion drop phe nom ena
can be ac cessed at: http://xray.bmc.uu.se/terese.

L9

NEW STRATEGIES TO IMPROVE PRODUCTIVITY - RMMS MICROSEEDING 
FOR CRYSTALLIZATION AND DLS FOR CRYOEM 

Patrick D. Shaw Stewart

Douglas In stru ments Ltd, Hunger ford, Berk shire, RG177HD, UK
 

Ran dom Microseed Ma trix-Screen ing (rMMS), where
seed crys tals are added au to mat i cally to ran dom crys tal li -
za tion screens, is a sig nif i cant re cent break through in pro -
tein crys tal li za tion [1].  Dur ing the ten years since the
method was pub lished, un der stand ing of the the o ret i cal ad -
van tages of the method has in creased [2 - 4], and sev eral
im por tant prac ti cal vari a tions on the ba sic method have
emerged. Im por tant vari a tions that will be dis cussed in -
clude com bin ing seeds from sev eral hits [5], the best meth -
ods of se lect ing hits to op ti mize [2], and cross-seed ing
tar gets with crys tals of ho mol o gous pro teins [6]. We will
also pres ent an ap proach that al lows the method to be ap -
plied to the crys tal li za tion of mem brane pro teins in LCP
[7], and a novel ap proach to pre par ing sam ples for cryoEM
us ing “in situ” dy namic light scat ter ing [8]. This will in -
clude dis cus sion of the com po si tion of the ideal screen for
cryoEM [9].

1. D’Arcy, A., Villard, F, and Marsh, M. “An au to mated
microseed ma trix-screen ing method for pro tein crys tal li za -
tion.” Acta Crystallographica Sec tion D: Bi o log i cal Crys -
tal log ra phy 63.4 (2007): 550-554.

2. Shaw Stew art, P. D., Kolek, S. A., Briggs, R. A., Chayen,
N. E., & Baldock, P. F. (2011). Ran dom microseeding: a
the o ret i cal and prac ti cal ex plo ra tion of seed sta bil ity and
seed ing tech niques for suc cess ful pro tein crys tal li za -
tion.Crys tal Growth & De sign, 11(8), 3432-3441.

3. D’Arcy, A., Bergfors, T., Cow an-Ja cob, S. W., & Marsh,
M. (2014). Microseed ma trix screen ing for op ti mi za tion in
pro tein crys tal li za tion: what have we learned?. Acta

Crystallographica Sec tion F: Struc tural Bi ol ogy Com mu ni -
ca tions, 70(9), 1117-1126.

4. Shaw Stew art, P. D, & Mueller-Dieckmann, J. (2014). Au -
to ma tion in bi o log i cal crys tal li za tion. Acta
Crystallographica Sec tion F: Struc tural Bi ol ogy Com mu ni -
ca tions, 70(6), 686-696.

5. Obmolova, G., Malia, T. J., Teplyakov, A., Sweet, R. W.,
& Gilliland, G. L. (2014). Pro tein crys tal li za tion with
microseed ma trix screen ing: ap pli ca tion to hu man germline 
an ti body Fabs. Struc tural Bi ol ogy and Crys tal li za tion
Com mu ni ca tions, 70(8).

6. Abuhammad, A., Lowe, E. D., McDonough, M. A., Shaw
Stew art, P. D., Kolek, S. A., Sim, E., & Garman, E. F.
(2013). Struc ture of aryla mine N-acetyltransferase from
My co bac te rium tu ber cu lo sis de ter mined by cross-seed ing
with the ho mol o gous pro tein from M. marinum: tri umph
over ad ver sity. Acta Crystallographica Sec tion D: Bi o log i -
cal Crys tal log ra phy, 69(8), 1433-1446.

7. Kolek, S. A., Bräuning, B., & Shaw Stew art, P. D. (2016).
A novel microseeding method for the crys tal li za tion of
mem brane pro teins in lipidic cu bic phase. Acta
Crystallographica Sec tion F: Struc tural Bi ol ogy Com mu ni -
ca tions, 72(4), 307-312.

8. Falke, S., Dierks, K., Blanchet, C., Graewert, M., Cipriani,
F., Meijers, R., Svergun, D. and Betzel, C., 2018.
Multi-chan nel in situ dy namic light scat ter ing in stru men ta -
tion en hanc ing bi o log i cal small an gle X-ray scat ter ing ex -
per i ments at the PETRA III beamline P12. Jour nal of
syn chro tron ra di a tion, 25(2).

9. ttps://www.douglas.co.uk/cryoem.htm.
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TIPS AND TRICKS FOR PROTEIN CRYSTAL MANIPULATION AND HANDLING

José A. Gavira

Laboratorio de Estudios Cristalográficos, IACT, CSIC-UGR, Avd. de las Palmeras, 4, 18100 Armilla
(Granada), Spain, jgavira@iact.ugr-csic.es

The pos si bil ity to solve any pro tein struc ture re lies on the
abil ity to ob tain a crys tal suit able for X-ray dif frac tion. Ob -
tain ing a crys tal is just the start ing point for a way that
some times can be very te dious. The next steps will in clude; 
i) test ing the crys tal na ture, ii) X-ray dif frac tion at room
tem per a ture, iii) cryo pres er va tion prior iv) low tem per a -
ture data col lec tion and iv) derivatization. This ma nip u la -
tion can put at risk your crys tal qual ity and there fore the
qual ity of your struc ture. In this talk we will try to fill the
gap be tween the mi cros copy and the X-ray “ob ser va tion”
of your crys tals with some tips and tricks. We will also see
how to in clude new ad di tives, i.e. cryoprotectant, scat ter

at oms, etc., into your pro tein crys tal avoid ing or min i miz -
ing the lost of qual ity and fi nally how to per form in situ
cryo-crys tal log ra phy from crys tals grown by the cap il lary
counterdiffusion method.

1. Garman EF, Weik M. J Syn chro tron Radiat 18, 2011,
313-7.

2. Deller MC, Rupp B. Acta Cryst. F70, 2014, 133-55.

3. Gavira JA, Toh D, Lopez-Jaramillo J, Gar cia-Ruiz JM, Ng
JD. Acta Cryst. D58, 2002, 1147-54.

4. Pflugrath JW. Acta Cryst. F71, 2015, 622-42.
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EVAL U A TION OF CRYS TAL LI ZA TION TRI ALS WITH THE UVEX MI CRO SCOPE

James Gordon

Eu ro pean Tech ni cal Sales and Field Ap pli ca tions Sci en tist, Mo lec u lar Di men sions Ltd |  Anatrace
Unit 6 Goodwin Busi ness Park | Willie Snaith Rd. Newmarket, Suf folk, UK  CB8 7SQ

The uti li sa tion of the instrinsic flu o res cence prop er ties of
Tryptophan can be a pow er ful tool in any pro tein crys tal -
log ra phy ex per i ment. By ex pos ing a pro tein crys tal to UV
light this flu o res cence can been im aged us ing the UVEX
im ag ing sys tem. In this demo we will be us ing the UVEX

to ac cu rately dif fer en ti ate be tween Pro tein and salt crys -
tals.  More over we will be us ing UV to look  for crys tal hits
that can some times be ob scured when us ing a bright-field
mi cro scope.

Ó Krystalografická spoleènost

a20    Pro tein crys tal li za tion course -  Lec tures Ma te ri als Struc ture, vol. 25, no. 3a (2018)

Fig ure 1. Sche matic rep re sen ta tion of how to pre pare your crys tal for room tem -
per a ture X-ray dif frac tion test or data col lec tion.
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FROM PRO TEIN EX PRES SION AND PU RI FI CA TION TO ITS CRYS TAL LI ZA TION

Radka Chaloupková

Loschmidt Lab o ra to ries, De part ment of Ex per i men tal Bi ol ogy and Re search Cen tre for Toxic Com pounds in
the En vi ron ment RECETOX, Masaryk Uni ver sity, Brno

radka@chemi.muni.cz

X-ray crys tal log ra phy is used to gen er ate atomic res o lu tion 
struc tures of pro tein mol e cules. These struc tures pro vide
in for ma tion about bi o log i cal func tion, mech a nism and in -
ter ac tion of a pro tein with sub strates or effectors in clud ing
DNA, RNA, pro teins, co factors or other small mol e cules
and ions. This tech nique, how ever, re quires prep a ra tion of
pure and highly con cen trated pro tein sam ples. High pu rity
(? 95%), ho mo ge ne ity and sta bil ity of the pro tein sam ple
are crit i cal fac tors for suc cess ful crys tal li za tion ex per i -
ments. Re com bi nant pro tein pro duc tion us ing Esch e richia
coli is the method of choice when large quan ti ties of pro -
tein are re quired. Al ter na tively, eukaryotic or gan isms such
as Saccharomyces cerevisiae (yeast), in sect and mam ma -
lian cell lines can be used, es pe cially when post-trans la tion
mod i fi ca tions are re quired. Af ter the pro tein ex pres sion,
the pro tein of in ter est must be pu ri fied from the cells. The

pu ri fi ca tion method of choice is fast pro tein liq uid chro ma -
tog ra phy, as there are a vast num ber of chro ma tog ra phy
me dia in clud ing metal-af fin ity, size-ex clu sion, hy dro pho -
bic in ter ac tion, and ion-ex change, readily avail able for use
in pu ri fi ca tion. Many pro teins are ex pressed with a va ri ety
of N- or C-ter mi nus tags that are highly spe cific to a par tic -
u lar kind of me dium, thereby fa cil i tat ing the pu ri fi ca tion
and de tec tion of re com bi nant pro teins. Once a pro tein has
been ex pressed, pu ri fied, and con cen trated, it must main -
tain its struc tural in teg rity for the du ra tion of the ex per i -
ments. The pre sen ta tion will cover clon ing of genes and
overexpression of pro teins in bac te rial and eukaryotic sys -
tems, pro tein pu ri fi ca tion with and with out tags, and as -
sess ment of pro tein pu rity and sta bil ity.

L13

PRO TEIN AS THE MAIN VARI ABLE IN CRYS TAL LI ZA TION

¼ubica Urbániková

In sti tute of Mo lec u lar Bi ol ogy, Slo vak Acad emy of Sci ences, Dubravska cesta 21, 
845 51 Bratislava 45, Slo vak Re pub lic

lubica.urbanikova@savba.sk

Prep a ra tion of high qual ity pro tein crys tals is es sen tial for
the struc ture de ter mi na tion us ing X-ray tech niques. Sta tis -
tics from the pro jects of struc tural genomics shows that the
suc cess rate of high-through put crys tal li za tion is only
10-30 % and thus prep a ra tion of pro tein crys tals be comes
the rate-lim it ing step.

Crys tal li za tion is in flu enced by many pa ram e ters, from
which the most im por tant one is the pro tein it self, its pu rity, 
ho mo ge ne ity and spe cific prop er ties, namely its pro pen sity 
to form crys tals. Pro tein crystallizability may be en hanced
by the meth ods of mo lec u lar bi ol ogy. This may in volve the
prep a ra tion of pro teins with var i ous kinds of fu sion part -
ners or tags, re moval of their most flex i ble parts (N- and C-
ter mini or flex i ble loops), in creas ing the ho mo ge ne ity by
mod i fi ca tions of free cysteines or po ten tial sites of
glycosylation, re place ment of un fa vour able amino-acid
res i dues at the sur face of the mol e cule, etc.

Re quire ment of pro tein pu rity and ho mo ge ne ity will be
dis cussed and stressed. The in flu ence of pro tein mod i fi ca -

tions on its crystallizability and/or crys tal pack ing and
qual ity will be doc u mented on re sults ob tained in our lab o -
ra tory and ex am ples from lit er a ture. Some ra tio nal ap -
proaches and strat e gies ori ented on en hanc ing the pro tein
crystallizability as well as the pos si bil ity of its com pu ta -
tional pre dic tion will be pre sented.

1. Dale G.E., Oefner C., D’Arcy A. (2003) J. Struct. Biol.
142, 88-97.

2. Derewenda Z.S. (2004) Meth ods 34, 354-363.

3. Derewenda ZS and Vekilov PG (2006) Acta Cryst. D62,
116-124.

4. Goldschmidt L., Coo per D., Derewenda Z., Eisenberg D.
(2007) Pro tein Sci ence. 16:1569-1576. 

5. Smialowski P., Schmidt T., Cox J., Kirschner A., Frishman 
D. (2006) Pro teins: Struct. Funct. Bioinf. 62, 343–355.
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“WHAT TO DO IF EV ERY THING HAS FAILED”

Terese Bergfors

Dept. of Cell and Mo lec u lar Bi ol ogy, Bio med i cal Cen ter, Box 596, Uppsala Uni ver sity, 
753 29 Uppsala, Swe den, terese.bergfors@icm.uu.se

Pro tein crys tal li za tion pro jects usu ally have two stages. 
The ini tial one in volves screen ing pa ram e ters to find prom -
is ing lead con di tions.  Use able crys tals may al ready ap pear
at this stage, but the most typ i cal sce nario is that a sec ond
round of ex per i ments is re quired to op ti mize the po ten tial
leads.  This lec ture will pres ent some of the ma jor con sid er -
ations in choos ing par tic u lar strat e gies or “routes” for
screen ing and op ti mi za tion. How ever, since the path way in 
a crys tal li za tion pro ject of ten con tains dead-ends, the pro -
tein crystallizer also needs to be equipped with a plan for
deal ing with the “de tours”. When it seems that ev ery thing
has failed, what are the op tions left to try?

To ad dress this prob lem, the fol low ing ques tions will
be dis cussed: 

• Can pre-screen ing the pro tein buffer im prove the
pro tein be hav ior in the crys tal li za tion drops?

• How many con di tions should the ini tial screen con -
tain: 150 or 1500?  

• So many crys tal li za tion kits! Which one to choose? 

• Which is more crit i cal: the choice of pre cip i tant or
the ki netic path way?

• How does one rec og nize the kind of leads that are
worth op ti miz ing? For ex am ple, should one try op ti -
miz ing drops with phase sep a ra tion or keep screen -
ing for new con di tions?

• What kind of tools ex ist for pre dict ing if a pro tein is
go ing to crys tal lize? How re li able are they?

This lec ture will an swer these ques tions from the per -
spec tive of an ac a demic lab o ra tory with lit tle au to ma tion
and which works on a lim ited, but very fo cused, group of
tar gets from My co bac te rium tu ber cu lo sis. 

Bergfors, T. M., ed. Pro tein Crys tal li za tion, 2nd Edi tion,
2009, In ter na tional Uni ver sity Press, La Jolla Cal i for nia. 
Now avail able as an e-book.

Bergfors, T.M. Screen ing and op ti mi za tion meth ods for
nonautomated crys tal li za tion lab o ra to ries. 2007, Meth ods
in Mo lec u lar Bi ol ogy, vol. 363, 131-152. 
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CRYS TAL LI ZA TION AND CRYS TAL LO GRAPHIC ANAL Y SIS IN MICROFLUIDIC
CHIPS

Claude Sauter

Ar chi tec ture et Réactivité de l’ARN, Université de Strasbourg, IBMC, CNRS, 15 rue René Des cartes, 67084
Strasbourg, France

c.sauter@ibmc-cnrs.unistra.fr

A de cade ago microfluidic tech nol o gies opened new pos si -
bil i ties for the crys tal li za tion of bi o log i cal macro mole -
cules. In deed, microfluidic sys tems of fer a lot of
ad van tages for crys tal growth: they en able an easy han -
dling of nano-vol umes of so lu tions as well as an ex treme
min ia tur iza tion and parallelization of crys tal li za tion as -
says. In ad di tion they pro vide a con vec tion-less en vi ron -
ment a pri ori fa vor able to the growth of high qual ity
crys tals. Pi o neer ex am ples im ple ment ing free in ter face dif -
fu sion [1] and nano-batch [2] crys tal li za tion in micro -
fluidic chips dem on strated the value of this tech nol ogy,
es pe cially for high through put screen ing ap pli ca tions in
struc tural genomics. 

Ex am ples of microfluidic de vices avail able on the mar -
ket or in de vel op ment will be de scribed to il lus trate how
dif fer ent steps of a struc tural study can be car ried out 'on
chip' from the crys tal li za tion to the ob ser va tion of crys tals
and their char ac ter iza tion us ing syn chro tron ra di a tion
[3,4]. The per spec tive of us ing in ex pen sive microfluidic
chips for screen ing best crys tal li za tion agents and for au to -

mated crys tal dif frac tion anal y sis and their comple men -
tarity with con ven tional crys tal li za tion set ups will be dis -
cussed.

1. Hansen CL, Skordalakes E, Berger JM, Quake SR. A ro -
bust and scal able microfluidic me ter ing method that al lows 
pro tein crys tal growth by free in ter face dif fu sion. PNAS 99, 
16531-6.  

2. Zheng B, Tice JD, Roach LS, Ismagilov RF. A drop -
let-based, com pos ite PDMS/glass cap il lary microfluidic
sys tem for eval u at ing pro tein crys tal li za tion con di tions by
microbatch and va por-dif fu sion meth ods with on-chip
X-ray dif frac tion. Angew Chem Int Ed Engl. 43, 2508-11.

3. Sauter et al. (2007). From macrofluidics to microfluidics in 
the crys tal li za tion of bi o log i cal macromolecules. Crys tal
Growth De sign 7, 2247-50.

4. Pinker et al. (2013). ChipX: a novel microfluidic chip for
coun ter-dif fu sion crys tal li za tion of biomolecules and in
situ crys tal anal y sis at room tem per a ture. Crys tal Growth
& De sign 13, 3333–40.
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PUB LI CA TION OF SCI EN TIFIC RE SULTS WITH EM PHA SIS ON CRYS TAL LI ZA TION
COM MU NI CA TIONS

Howard Einspahr

IUCr Jour nals, 67 Green Av e nue, Lawrenceville, New Jer sey 08648 USA
hmeinspahr@ya hoo.com

The fun da men tal prin ci ples of sci en tific pub li ca tion will be 
pre sented with spe cial em pha sis on crys tal lo graphic re sults 
ei ther as a crys tal li za tion com mu ni ca tion (CC) or as part of
a crys tal lo graphic struc ture re port.  In cluded will be an in -
tro duc tion to publBio, a col lec tion of novel web-based

tools for au thors de vel oped by IUCr Jour nals to fa cil i tate
draft ing of crys tal lo graphic pub li ca tions and speed ed i to -
rial pro cess ing af ter sub mis sion.  Note that all CC sub mis -
sions to Acta Cryst F must now be made through publBio.

L17

AN A LYT I CAL UL TRA CEN TRI FU GA TION: NEW MULTIWAVELENGTH
SED I MEN TA TION ANAL Y SIS OF PRO TEINS IN SOLUTION

Mar tin Máša

Prod uct Sup port Agencourt, Centrifugation and AUC Beckman Coul ter Èeská republika s.r.o., 
Murmanská 1475/4, CZ 100 00 Praha

An a lyt i cal Ul tra cen tri fu ga tion al lows the char ac ter iza tion
of mol e cules while they float free and un bound, let ting you
char ac ter ize them in their na tive state. While the sed i men -
ta tion pro cess of course did and will not change, new de -
vel op ments in 2 ar eas al low to un ravel more and more of
the in for ma tion that for long time had been hid den in the
sed i men ta tion pro cess. In this pre sen ta tion the NEW in An -

a lyt i cal Ul tra cen tri fu ga tion like e.g. 2 di men sional spec -
trum anal y sis for the char ac ter iza tion on size and shape of
heterogenous sam ples and Multiwavelength Sed i men ta -
tion Anal y sis will be explained and recent application
examples presented.
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US ING FLU O RES CENCE TO FIND YOUR CRYS TALS

Crissy L. Tarver

Uni ver sity of Al a bama in Huntsville, Huntsville, AL. 
clt0005@uah.edu

A wide va ri ety of crys tal li za tion so lu tions are screened to
es tab lish con di tions that pro mote the growth of a dif frac -
tion-qual ity crys tal. Screen ing these con di tions re quire the
as sess ment of many crys tal li za tion plates for the pres ence
of crys tals. A range of op ti cal tech niques and au to mated
sys tems for screen ing are avail able. One dis ad van tage of
some au to mated im ag ing sys tems is the need for cer tain
char ac ter is tics, such as the pres ence of tryptophan, for
crys tal de tec tion. An other dis ad van tage is the cost of the
in stru men ta tion, which is typ i cally greater than $50,000. 

We have de vel oped a vis i ble flu o res cence ap proach
that can give un am big u ous macromolecule crys tal de tec -
tion and have now cou pled it to a smartphone-based im ag -

ing method [1] that can be im ple mented for as low as
$25-$35. Since the method uses trace flu o res cent la bel ing
(TFL) [2] with vis i ble wave length flu o res cent probes, one
can use dif fer ent col ors for the im ag ing of com plexes as the 
pres ence of each color in the crys tal be ing ver i fi ca tion that
those mol e cules are pres ent. The TFL method in volves the
co va lent at tach ment of a flu o res cent dye to ~0.1 to 0.5 % of 
the pro tein mol e cules and has been shown to not af fect
crys tal nu cle ation or dif frac tion qual ity at these lev els. [3]
The im ages give a di rect in di ca tion of what the pro tein is
do ing in re sponse to each screen ing con di tion as only the
macromolecule has flu o res cent probe at tached to it. 
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There are sev eral ad van tages of the TFL tech nique for
de tect ing crys tals. The abil ity to dis tin guish salt crys tals
from macromolecule crys tals, fa cil i tat ing the anal y sis of
screen ing re sults, and the low-cost of im ag ing. This ap -
proach can be used for the im ag ing of pro tein com plexes,
which can save beam time. 

1. Crissy L. Tarver and Marc Pusey (2017).  A low-cost
method for vis i ble flu o res cence im ag ing.  Acta Cryst. F
73:657-663.   

2. Marc Pusey, Jorge Barcena, Michelle Mor ris, Anuj
Singhal, Qunying Yuan, and Jo seph Ng (2015).  Trace flu -
o res cent la bel ing for pro tein crys tal li za tion. 

3. Eliz a beth Forsythe, Aniruddha Achari, and Marc L. Pusey
(2006).  Trace flu o res cent la bel ing for high-through put
crys tal log ra phy.  Acta Cryst. D 62:339-346. 
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CRYSTALLIZATION RESULTS ANALYSIS AND OPTIMIZATION USING IONIC
LIQUIDS

Marc L. Pusey

Dept. of Bi o log i cal Sci ences, Uni ver sity of Al a bama in Huntsville, Huntsville, AL  
puseym@uah.edu

The de fault out come of most crys tal li za tion screen ing ex -
per i ments is a lack of crys tal line re sults.  If there are no ob -
vi ous crys tals formed, then the typ i cal re sponse is to ei ther
try still more screen ing so lu tions or to mod ify the pro tein,
ei ther at the ge netic level, by chem i cal or by en zy matic
means.  Screen ing can be car ried out us ing in com plete fac -
to rial meth ods, but this re quires the de sign and then the
sub se quent anal y sis of a sta tis ti cally bal anced screen.  This
re quires ad di tional ef fort on the part of the ex per i menter, as 
com mer cial ven dors have not pro vided such screens, or the 
soft ware for their anal y sis.  We are ad dress ing this prob lem 
with the de vel op ment of soft ware that can use the scored
re sults from com mer cial or in-house de vel oped screens for
the anal y sis pro cess.  Two an a lyt i cal ap proaches have been
de vel oped to date, the as so cia tive ex per i men tal de sign [1] 
(AED) and, more re cently, ge netic anal y sis (GA), a method 
first pro posed by Saridakis [2]. Both meth ods use scored
crys tal li za tion screen ing re sults, which pro cess is greatly
fa cil i tated by the use of trace flu o res cent la bel ing (TFL). 
While we use a 10-level scor ing scale, the meth ods have
been suc cess fully tested us ing a more lim ited 5-level scale;
the im por tant con sid er ation be ing that the scores nu mer i -
cally track the de sir abil ity of the re sults.  In use, the scored
screen ing re sults, at tached to the sub ject con di tions, are
read in and the pro grams out put a list ing of the screen com -
po nents eval u ated to be most ef fec tive in ob tain ing the
high est scores and a list ing of their com bi na tions to give
new screen ing con di tions for use in pre par ing new screen -

ing blocks that do not match any of those used for in put. 
Com par a tive test ing of the two meth ods is cur rently in
prog ress.  To date, nei ther is shown to be “better”, al though 
they usu ally give dif fer ent out puts. 

While the above an a lyt i cal meth ods gen er ally yield
more crys tal li za tion hits in a sin gle 96 con di tion screen
than were found in the (typ i cally) 4 screens used for in put,
a num ber of non-crys tal line out comes are still found. 
Those con di tions are be ing used for sub se quent ex per i -
ments into the use of ionic liq uids (ILs) as crys tal li za tion
ad di tives.  Ionic liq uids are salts that are typ i cally liq uid at

tem per a tures £ 100 °C.  We are test ing 23 com mer cially
avail able ILs, along with dH2O as a con trol, with 12 of the
screen ing con di tions for each pro tein.  Most of the screen -
ing con di tions se lected were those that gave pre cip i tated
pro tein, and we have been able to de rive crys tals from
~30 % of those ap par ently “failed” out comes.  The ad van -
tages of ILs is that their so lu tion prop er ties can be mod i fied 
by changes in their cat ion or an ion struc tures.  The use of
TFL is crit i cal to these ex per i ments as the ILs fre quently
crys tal lize.  Suf fi cient data has been ac quired that anal y sis
of IL struc ture vs. ef fi cacy can now be car ried out.                

1. Dinc, I., Pusey, M. L., and Aygun, R. S. (2016).  Op ti miz -
ing as so cia tive ex per i men tal de sign for pro tein crys tal li za -
tion screen ing.  IEEE Trans. Nanobiosci. 15:101-112. 

2.  Saridakis, E. (2011).  Novel genetic algorithm-inspired
concept for macromolecular crystal optimization.  Cryst.
Growth & Des. 11:2993-2998.
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AD VANCED AND NON-CON VEN TIONAL METH ODS FOR CON TROL LING THE SIZE
AND THE SHAPE OF PRO TEIN CRYS TALS 

Abel Moreno

 Instituto de Química, Universidad Nacional Autónoma de México. Av. Universidad 3000, 
Cd.Mx. 04510, Mex ico

Pro teins, nu cleic ac ids, poly sac cha rides and lipids are con -
sid ered the most im por tant mol e cules of life. The func tion
of these mol e cules in sus tain ing life de pends on their
three-di men sional struc ture and on their highly spe cific
mu tual in ter ac tions, dic tated by their struc ture and bond ing 
prop er ties. Struc tural knowl edge of such mol e cules and
their macromolecular com plexes (com bi na tion of all of
them) is there fore con tin u ously in creas ing our un der stand -
ing of the pro cesses of life and the mech a nisms of bi o log i -
cal pro cesses and sug gests novel ways to treat a wide range
of dis eases, rang ing from con gen i tal anom a lies through
bac te rial and vi ral in fec tion to autoimmunity and many
kinds of can cers. On the other hand, X-ray crys tal log ra phy
is ubiq ui tous in this search, as it is the most pow er ful tech -
nique for struc ture elu ci da tion of macromolecules, reach -
ing quasi-atomic res o lu tion in the most fa vor able cases,
and with out a pri ori lim i ta tions on the size and com plex ity
of the mol e cules stud ied. X-ray crys tal log ra phy re quires
the growth of large and well-dif fract ing crys tals (to per -
form con ven tional crys tal log ra phy) or nanocrystals in size
(for free elec tron la sers tech nol ogy re search, usu ally called
XFEL), the pro duc tion of such crys tals be ing the most in -
trac ta ble stage in the pro cess of struc ture de ter mi na tion.

This talk pro vides a re view of dif fer ent ad vanced meth -
ods that help to in crease the suc cess rate of a crys tal li za tion
pro ject, by pro duc ing larger and higher qual ity sin gle crys -
tals for de ter mi na tion of macromolecular struc tures by
crys tal lo graphic meth ods. For this pur pose, the pres ent talk 
is di vided into three parts. The first part deals with the fun -
da men tals for un der stand ing the crys tal li za tion pro cess
through dif fer ent strat e gies based on phys i cal and chem i cal 
ap proaches. The sec ond part pres ents new ap proaches in -
volved in more so phis ti cated meth ods not only for grow ing 
pro tein crys tals, but also for con trol ling the size and ori en -
ta tion of crys tals through uti li za tion of elec tro mag netic
fields and other ad vanced tech niques. The last sec tion deals 
with three dif fer ent as pects: The im por tance of micro -
gravity, the use of lig ands to sta bi lize pro teins, and the use
of microfluidics to ob tain pro tein crys tals suit able for
high-res o lu tion X-ray, neu tron crys tal log ra phy, and the
new trends in crys tal log ra phy by XFEL tech niques.

The au thor thanks to DGAPA-UNAM (México) Pro ject No. 
IG200218 for spon sor ing the travel ex penses to this work -
shop.
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DLS MEA SURE MENTS PRIOR TO CRYS TAL LI ZA TION EX PER I MENTS

Karsten Dierks1, Sven Falke3, Robin Schu bert3, Daniela Baitan1, Howard Einspahr2 and
Chris tian Betzel3

1XtalConcepts, Marlowring 19, 22525 Ham burg, Ger many
267 Green Av e nue, Lawrenceville, NJ 08648, USA

3In sti tute of Bio chem is try and Mo lec u lar Bi ol ogy c/o DESY, 22603 Ham burg, Ger many

Dy namic La ser Light Scat ter ing (DLS) is for many years
well es tab lished and this days in creas ingly used to score
and op ti mise pro tein so lu tions prior to crystallisation ex -
per i ments, as to day se rial crys tal log ra phy (SX) data col lec -
tion is com ing more and more in rou tine use at high
in ten sive microfocus beamlines [1]. For SFX, as well as
SFX many high qual ity mi cro- or nano-cyrstals are re -
quired and the prep a ra tion of such crys tal sus pen sions re -
quires more ef forts than those for the con ven tional sin gle
crys tal (MX) ap proach. DLS is used to ana lyse the
dispersity and ho mo ge ne ity of pro tein, or other bio -
molecule sus pen sions. Au to mated meth ods to crys tal lize
macromolecules are widely used and can eas ily gen er ate
thou sands of crys tal li za tion drop lets. Nev er the less, eval u a -
tion of crys tal li za tion ex per i ments to find op ti mal growth

con di tions, or to find ideal con di tions to up scale crys tal li -
za tion con di tions from sin gle crys tals to sus pen sions of
nano-crys tals re mains a bot tle neck. Meth ods to an a lyze
pro tein so lu tions in cuvettes, in cap il lar ies, in flow mode as 
well as in drop lets ap ply ing DLS [2-6] will be pre sented.
And a fur ther, to day also com monly ap plied ap proach is
the use of a com bined white/UV il lu mi na tion for mi cro -
scopic de ter mi na tion of whether crys tal-like ob jects are
biomolecular or salt. This sys tem will be ex plained and ex -
am ples will be pre sented as well. [7]. As men tioned be fore,
DLS is a most ap pro pri ate method to de ter mine the size and 
mode of ag gre ga tion of pro teins and other biomolecules in
so lu tion, but its use has so far been lim ited be cause the
need to make mea sure ments in cuvettes re quired rather
large sam ple vol umes. Pro tein crystallisation ex per i ments
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are usu ally car ried out in multi-well plates with drop let vol -
umes in the range of 0.5 to 10 µl. Within the lec ture an ad -
vanced and most suit able method to im age, mea sure and
ana lyse the par ti cle size di rectly in drops and in par tic u lar
to in ves ti gate the stage of nu cle ation and the prog ress of
crys tal growth by in-situ DLS, i.e. di rectly in the drop lets
will be shown. This meth ods has sev eral ad van tages: no
ad di tional pipetting is nec es sary to per form mea sure ments; 
the crystallisation pro cess can be mon i tored on line in situ,
with out in ter rup tion; mea sure ments can be taken from
even small vol umes. This par tic u lar DLS tech nique has
been adapted to an au to mated CCD-cam era-based plate-
 screen ing sys tem and will be ap plied also in the tu to ri als of
the work shop (Spectro-Imager, Xtal Con cepts Ger many),
al low ing mon i tor ing and eval u a tion of the en tire pro cess of 
crystallisation in an au to mated way. The data ob tained pro -
vide in for ma tion to un der stand in de tail the pro cess of crys -
tal growth and al low to op ti mize growth con di tions.
Im ages taken from var i ous drop lets/set ups will be pre -
sented along with cor re spond ing DLS mea sure ments.

1. Grimes, J.M., Hall, D.R., Ash ton, A.W., Ev ans, G., Owen,
R., Wag ner, A., McAuley, K., Delft, F., Orvilee, A.M.,
Sorensen, Th., Walsh, M., Ginn H. and Stu art, D. (2018)
Acta Cryst D74: 152-166.

2. Schu bert, R., Meyer, A., Baitan D., Dierks, K., Perbandt,
M. and Betzel, Ch. (2017) Crys tal Growth and De sign 17:
954-958.

3. Schu bert, R., Meyer, A., Dierks, K., Kapis, S., Reimer, R.,
Einspahr, H., Perbandt, M. and Betzel, Ch. (2015) Jour nal
of ap plied Crys tal log ra phy 48: 1476-1484.

4. Meyer, a., Dierks, K., Hussein, R., Brillet K., Borgnaro, H.
and Betzel, Ch. (2015) Acta cryst F. 71: 75-81.

5. Dierks, K., Meyer, A., Einspahr, H. and Betzel, Ch. (2008)
Crys tal Growth & De sign, 8: 1628-1634.

6. Gar cia, A., Molina, E., Chayen, N., Govada, L., Kurhshid,
S., Saridakis, E., Beudjemline, A,. Swann, J., Stew art, P.,
Briggs, R., Kolek, A., Oberthuer, D., Dierks, K., Betzel,
Ch., Santana, M., Hobbs, J., Thaw, P., Savill, T., Mesters,
J., Hilgenfeld, R., Boander, N. and Bill. R. (2011) Crys tal
Growth & De sign 6: 2112-2121.

7. Oberthuer, D., Melero-Gar cia, E., Dierks, K., Meyer, A.,
Betzel, Ch., Gar cia-Ca bal lero A. and Gavira J. (2012)
PlosOne PONE-D-11-21288.

8. Meyer, A. Dierks, K., Hilterhaus, D., Klupsch, Th.,
Mühlig, P., Kleesik J., Schöpflin R., Einspahr H.,
Hilgenfeld R. and Betzel Ch. (2012) Acta F, 68: 994-998.

9. Dierks, K., Meyer, A., Oberthuer, D., Rapp, G., Einspahr,
H. and Betzel, Ch. (2010) Acta F, 66: 478-484.
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 CRYSTALLIZATION OF PRO TEIN-NU CLEIC ACID COM PLEXES

Chris tian Biertümpfel

Max Planck In sti tute of Bio chem is try, Mo lec u lar Mech a nisms of DNA Re pair, Am Klopferspitz 18, 
82152 Martinsried 

biertuempfel@biochem.mpg.de 

The gen eral workflow for crys tal liz ing pro tein-nu cleic
acid com plexes for crys tal lo graphic stud ies is anal o gous to
the work with only pro teins and ob tain ing dif frac tion qual -
ity crys tals is still a bot tle neck. How ever, tech no log i cal ad -
vances in sam ple prep a ra tion as well as high-through put
screen ing have helped to ac cel er ate the workflow
and made it fea si ble to ap proach more dif fi cult pro jects.
More over, the struc tural anal y sis of pro tein-nu cleic acid
com plexes pro vides a wealth of in for ma tion about their
func tion that can only par tially be de duced from nu -
cleic-acid bind ing pro teins alone. The crys tal li za tion
of pro tein-nu cleic com plexes poses ad di tional chal lenges
but also cer tain ben e fits com pared to the work with pro -
teins alone. The lec ture and dem on stra tion will give a gen -
eral over view for the work with pro tein-nu cleic acid
com plexes. Sev eral top ics from ex per i men tal de sign, sam -
ple prep a ra tion, sta bi liz ing com plexes, op ti miz ing poorly
dif fract ing crys tals to phas ing tech niques will be cov ered.
De sign ing suit able nu cleic acid sub strates for pro mot ing
com plex crys tal li za tion is crit i cal. It is even pos si ble to en -
gi neer crys tal con tacts and to pro mote com plex crys tal li za -
tion in dif fer ent func tional states of a bi o log i cal pro cess.
There fore, a spe cial fo cus will lie on strat e gies for de sign -
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ing nu cleic acid sub strates. Fur ther more, prac ti cal con sid -
er ations for the bio chem i cal and bio phys i cal charac 
terization of nu cleic acid com plexes in so lu tion as well as
in crys tals will be dis cussed.

The op tional ex er cise will fo cus on de sign strat e gies for 
nu cleic acid sub strates that pro mote com plex for ma tion

and crys tal li za tion. In ad di tion, we will dis cuss meth ods to
char ac ter ize pro tein-nu cleic acid com plexes and their crys -
tals.

L23

Eve ning lec ture

STRUC TURAL IM PLI CA TIONS OF THE HELIOBACTERIAL PHOTOSYSTEM ON
EVO LU TION OF PHO TO SYN THE SIS

Raimund Fromme1,2

1Ar i zona State Uni ver sity, School of Mo lec u lar Sci ences,Tempe, AZ 85287 USA and 2Cen ter of Ap plied
Struc tural Dis cov ery, Biodesign In sti tute, Tempe, AZ 85287, USA

The or i gin of pho to syn the sis is re lated to the first re ac tion
cen ters which could con vert the en ergy of sun light. As
much our knowl edge about photosystems and re ac tion cen -
ters has in creased with struc tures of these mem brane pro -
teins since the mid-1980s the tra jec tory of this im por tant
part of evo lu tion is by far not un der stood.

With an es ti mated age of 4.6 bil lion years the planet
earth had life with prim i tive or gan isms at least since 3.7
bil lion years ago. In these early times the earth at mo sphere
was strict an aer o bic or ox y gen free. Pho to syn the sis
evolved from an ces tral photosynthetic bac te ria which had

an early branch ing to heliobacteria these gram-pos i tive
bac te ria (firmicutes) are still to be found in muddy vol ca nic 
wa ters or even in rice pad dies. The struc ture of the photo -
system from Heliobacterium modesticaldum at 2.2 Å res o -
lu tion gives the first in sight how an an ces tral photo system
has been or ga nized [1].

1. Chris to pher Gisriel, Iosifina Sarrou, Bryan Ferlez, John
H. Golbeck, Kevin E. Redding and Raimund Fromme
(2017) Struc ture of a sym met ric photosynthetic re ac tion
cen ter–photosystem, Sci ence 357, pp. 1021-1025.
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PREPARATION OF PROTEIN SAMPLES FOR CRYSTALLIZATION EXPERIMENTS

Pavlína Øezáèová

In sti tute of Mo lec u lar Ge net ics, In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the 
Czech Re pub lic, Prague,  rezacova@img.cas.cz

Pro tein crys tal li za tion pro cess is in flu enced by a large
num ber of var i ous fac tors and one of the most im por tant is
the prop erty of the pro tein sam ple to be crys tal lized. Prep a -
ra tion and char ac ter iza tion of the pro tein sam ple plays a
cru cial role in pro tein crys tal li za tion.

In the lec ture, the most widely used tech niques to judge
eval u ate pro tein sam ple pu rity and qual ity be fore crys tal li -
za tion ex per i ments will be re viewed and dis cussed. For
crys tal li za tion tri als highly pure and ho mo ge neous pro tein
sam ple is usu ally rec om mended, how ever, if larger amount 
of pro tein is avail able ‘im pure’ pro tein sam ple can be also
screened. Guide lines and tips for pro tein han dling be fore
crys tal li za tion tri als will be ad dressed. 

Com mon meth ods to an a lyze pro tein pu rity and sta bil -
ity will be de scribed: (a) SDS polyacrylamide gel elec tro -
pho re sis (PAGE), (b) na tive PAGE, (c) isoelectric
fo cus ing, (d) size ex clu sion chro ma tog ra phy (gel fil tra -
tion), (e) mass spec trom e try, (f) dy namic light scat ter ing
(DLS), and (g) dif fer en tial scan ning fluorimetry (DSF). 

Rec om mended pro tein con cen tra tion for ini tial crys tal -
li za tion screen ing is in range of 5 - 20 mg. The higher pro -

tein con cen tra tion pro vides more op por tu nity for crys tal
nu cle ation to oc cur but, on the other hand, also can cause
pro tein ag gre ga tion. The best con cen tra tion is usu ally
tuned as one of the vari ables dur ing op ti mi za tion pro ce -
dure. All com po nents of the pro tein buffer should be care -
fully con sid ered since they might in flu ence crys tal li za tion.
Stor age con di tions have to be checked ex per i men tally for

each pro tein, but most pro tein can be stored at -70°C or
4°C. Lyofilization should be avoided and if in ev i ta ble, ex -
ten sive di al y sis be fore crys tal li za tion is rec om mended. 

For more gen eral read ing fur ther ref er ences are rec om -
mended [1, 2].

1. McPherson A. (1999). Crys tal li za tion of Bi o log i cal
Macromolecules, Chap ter 3. The Pu ri fi ca tion and Char ac -
ter iza tion of Bi o log i cal Macromolecules, pp. 67 – 126,
Cold Spring Har bor Lab o ra tory Press, New York, USA.

2. Bergfors T.M. (1999). Pro tein Crys tal li za tion Tech niques,
Strat e gies and Tips, Chap ter 3. Pro tein Sam ples, pp. 19 –
25 In ter na tional Uni ver sity Line, La Jolla, CA, USA.
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PREP A RA TION OF MI CRO- AND NANO-CRYS TALS FOR FREE-ELEC TRON-LA SER
AND SYN CHRO TRON RA DI A TION SOURCES

Sven Falke1, Robin Schu bert1, Mi chael Duszenko2, Hevila Brognaro3, Henry Chapmann3,
Lars Redecke4, Karsten Dierks5, Daniela Baitan5, Howard Einspahr6 and Chris tian Betzel1

1Lab o ra tory for Struc tural Bi ol ogy of In fec tion and In flam ma tion c/o DESY and In sti tute of Bio chem is try and
Mo lec u lar Bi ol ogy, 22603 Ham burg, Ger many

2
Interfaculty In sti tute of Bio chem is try, Uni ver sity of Tübingen, Hoppe-Seyler-Str.4, 72076 Tübingen 

3Cen ter for Free-Elec tron La ser Sci ence (CFEL), Notkestr. 85, 22607 Ham burg, Ger many
4In sti tute of Bio chem is try, Uni ver sity of Lübeck, Ger many
5XtalConcepts, Malowring 19, 22525 Ham burg, Ger many

667 Green Av e nue, Lawrenceville, NJ 08648, USA

Dur ing the last years se rial crys tal log ra phy (SX), ap ply ing
sus pen sions of mi cro- and nano-crys tals for se rial data col -
lec tion was es tab lished at most high bril liant syn chro tron
ra di a tion beamlines, as well as at XFEL ra di a tion sources
(SFX) [1]. Be fore macromolecular struc tures were pri mar -
ily de ter mined ap ply ing the sin gle crys tal method (MX) for 
dif frac tion data col lec tion. The new method of Se rial Crys -
tal log ra phy was in prin ci ple de vel oped for X-ray Free
Elec tron La ser Sources, how ever be came more and more in 
rou tine use at microfocus beam lines, as this ap proach also

of fer new pos si bil i ties to ana lyse pro teins that do not form
crys tals suit able for con ven tional X-ray dif frac tion.
However, growth and prep a ra tion of high qual ity mi -
cro-crys tals and sus pen sions op ti mal for data col lec tion ex -
per i ments at this mod ern mi cro-beam in ser tion-de vice
syn chro tron (SR) beamlines and growth of nano-crys tals
re quired for data col lec tion at Free-Elec tron-La ser (FEL)
beamlines is a new chal leng ing task. X-ray free-elec tron la -
ser sources use ex tremely in tense pulses of X-rays with
more than 1012 pho tons in 10 to 100 fs du ra tion. When fo -
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cused to mi cron di men sions these pulses va por ize the sam -
ple but the dif frac tion pat tern is col lected be fore that
ra di a tion dam age sets in. The SFX method [2-4] can
thereby achieve high res o lu tion dif frac tion on sub-mi cron
macromolecular crys tals with out the need for cryo genic
cool ing. 

How ever, it re quires a large num ber of crys tals, and
crys tals all with same di men sions that are flowed across the 
beam, or trans ported on tape drives, or de liv ered con trolled 
with spe cial chips to cross the X-ray beam, and snap shot
dif frac tion pat terns are rap idly ac quired. To day in the field
of conventionell pro tein crystallogenesis sev eral fully au -
to mated in stru ments are avail able and the search for crys -
tal li za tion con di tions of macromolecules can eas ily car ried
out. Nev er the less, to iden tify op ti mal growth con di tions to
ob tain high qual ity, nano-sized X-ray suit able crys tals is a
re main ing and grow ing bot tle neck in most cases [5, 6]. To
take ad van tage of the new es tab lished and up com ing high
bril liant SR- and FEL- ra di a tion sources, which open new
routes in struc tural bi ol ogy [7] and al low ing to col lect dif -
frac tion data from mi cro- or nano- crys tals [1] ad vanced
crys tal li za tion and crys tal scor ing tech niques need to be es -
tab lished or need to be de vel oped fur ther. To meet fu ture
crys tal re quire ments for SX and SFX we in ves ti gated and
op ti mized two ap proaches to pro duce high qual ity nano-

and mi cro- crys tals. In one ap proach we op ti mized the
growth of nano sized crys tals in vivo, in cells [8] and in a
sec ond ap proach we de vel oped a ad vanced hard ware com -
bi na tion al low ing the con trolled op ti mi za tion of a sin gle
drop vapour dif fu sion ex per i ment for pro duc tion of nano-
and mi cro- crys tals [9]. De tails and ex am ples will be pre -
sented.

1. Grimes, J.M., Hall, D.R., Ash ton, A.W., Ev ans, G., Owen,
R., Wag ner, A., McAuley, K., Delft, F., Orvilee, A.M.,
Sorensen, Th., Walsh, M., Ginn H. and Stu art, D. (2018)
Acta Cryst D74: 152-166.

2. Chap man, H.N. et al.  (2011) Na ture 470: 73-77.

3. Ayyer et al. (2016) Na ture 530: 202–206.

4. Boutet, S. et al. (2012). Sci ence 337:362–364, 2012.

5. Bergfors, T. (2007) Meth ods in Mol. Biol. 363: 131-153.

6. Gar cia-Ca bal lero, et al. (2011) Crys tal Growth & De sign 6: 
2112-2121. 

7. Mof fat, K. (2012) Na ture Meth ods 9: 242-243.

8. Koopmann R. et al. (2012) Na ture Meth ods 9: 259-262. 

9. Schu bert, R., Meyer, A., Baitan D., Dierks, K., Perbandt,
M. and Betzel, Ch. (2017) Crys tal Growth and De sign 17:
954-958.
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MEM BRANE PRO TEIN STRUC TURES US ING TYPE I AND TYPE II CRYS TALS,
BICELLES, NANODISCS AND CRYO EM

Hartmut Luecke

Cen ter for Mo lec u lar Med i cine, Uni ver sity of Oslo, Nor way

The Lipidic Cu bic Phase (LCP) method for mem brane pro -
tein crys tal li za tion has been re fined to al low large-scale
screen ing of mem brane pro teins.  The var i ous pa ram e ters
(LCP lipid, wa ter con tent, bilayer lipid ad di tive, pH, ionic
strength, pre cip i tat ing agent etc.) can be var ied.  Sev eral
dis tinct seven-transmembrane pro teins where crys tal lized
and their high-res o lu tion struc tures de ter mined.  In cases
where the LCP method fails, the bicelle method or de ter -
gent-based meth ods were em ployed to crys tal lize other
mem brane pro teins.

Bacteriorhodopsin (BR): High-res o lu tion maps from
X-ray dif frac tion of bacteriorhodopsin crys tal ob tained in
LCP and some of its photointermediates have yielded in -
sights to how the isomerization of the bound ret i nal drives
ion trans port. Al though some im por tant mech a nis tic de tails 
are still un de cided, the events of the pho to chem i cal cy cle
are now un der stood to re flect changes in spe cific hy dro gen
bonds of pro tein groups and bound wa ter mol e cules in re -
sponse to mo tions of the ret i nal chain.  A nearly com plete
lipid bilayer is also pres ent in the x-ray-de rived atomic
model.

Hu man health: Half the world’s pop u la tion is chron i -
cally in fected with Helicobacter pylori, caus ing gas tri tis,
gas tric ul cers and an in creased in ci dence of gas tric adeno -
carcinoma.  Its pro ton-gated in ner-mem brane urea chan nel, 

HpUreI, and a urease are es sen tial for patho gen sur vival in
the acidic en vi ron ment of the stom ach.  The chan nel is
closed at neu tral pH and opens at acidic pH to al low the
rapid ac cess of urea to cy to plas mic urease.  Urease pro -
duces NH3 and CO2, neu tral iz ing en ter ing pro tons and thus
buff er ing the periplasm to a pH of roughly 6.1 even in gas -
tric juice at a pH be low 2.  The struc ture of urea chan nel re -
veals six protomers as sem bled in a hexameric ring
sur round ing a cen tral bilayer plug of or dered lipids.  Each
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protomer en closes a chan nel formed by a twisted bun dle of
six transmembrane he li ces.  The bun dle de fines a pre vi -
ously un ob served fold com pris ing a two-he lix hair pin mo -
tif re peated three times around the cen tral axis of the
chan nel, with out the in verted re peat of mam ma lian-type
urea trans port ers.  Both the chan nel and the protomer in ter -
face con tain res i dues con served in the AmiS/UreI
superfamily, sug gest ing the pres er va tion of chan nel ar chi -
tec ture and oligomeric state in this superfamily.  Pre dom i -
nantly ar o matic or aliphatic side chains line the en tire
chan nel and de fine two con sec u tive con stric tion sites in the 
mid dle of the chan nel.  The novel hexameric chan nel struc -
ture pro vides a new par a digm for the per me ation of urea
and other small am ide sol utes in prokaryotes and archaea. 
Our high-through put screens have iden ti fied sub- micro -
molar in hib i tors of H. pylori’s acid ac cli ma tion sys tem. 
Fol low-up mi cro sec ond-scale un re strained mo lec u lar dy -
nam ics stud ies pro vide a de tailed mech a nism of urea and
wa ter trans port by HpUreI.  In par al lel we have de ter mined
the struc ture of the 1.1 MDa cy to plas mic urease complex
by cryo EM to 3.1 C res o lu tion.

Strugatsky, D., McNulty, R.M., Munson, K., Chen, C.-K.,
Soltis, S.M., Sachs, G., Luecke H. “Struc ture of the pro -
ton-gated urea chan nel from the gas tric patho gen
Helicobacter pylori" (2013) Na ture 493, 255–258.

Luecke, H. & Sachs, G. “Helicobacter pylori’s Achil les’
Heel” (2013) Immuno-Gastroenterology 2, 76.

McNulty, R., Ulmschneider, J.P., Luecke, H.,
Ulmschneider, M.B. ”Mech a nisms of mo lec u lar trans port
through the urea chan nel of Helicobacter pylori” (2013)
Na ture Com mu ni ca tions 4, ar ti cle number 2900.
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CRYSTALLIZATION OF MACROMOLECULAR COMPLEXES WHILE STUDYING
HOST–VIRUS SYSTEMS

Ivana Nemèovièová1,2

1Departmetn of Vi ral Im mu nol ogy, Bio med i cal Re search Cen ter at the Slo vak Acad emy of Sci ences,
Bratislava, Slovakia

2Di vi sion of Cell Bi ol ogy and Im mune Reg u la tion, La Jolla In sti tute, Cal i for nia, USA

Ma jor ity of bi o log i cal events in volve the ac tion of one
macromolecule on an other, thus trig ger ing a se ries of rec -
og ni tion, sig nal ing and mod i fi ca tion events. Com pared to
the rel a tively well-con served pro cesses found in cel lu lar
or gan isms, vi ruses dem on strate huge vari a tions in terms of
genomic com po si tion, pat terns of evo lu tion, and pro tein
func tion. While study ing pro tein–pro tein in ter ac tions in vi -
rus–host sys tems, these vari a tions on the patho gen side
must be con sid ered. The de tails of such macromolecular
in ter ac tions are crit i cal to our un der stand ing of bi o log i cal
func tion and be stow greater knowl edge than the three-di -
men sional struc tures of sin gle macromolecules. Al though
sub stan tial prog ress has been made in macromolecular
dock ing, it still re mains dif fi cult to pre dict the mode of in -
ter ac tion be tween macromolecules even when the struc -
tures of the in ter act ing part ners are known [1-2, 4]. Given
the large size of such com plexes, crys tal log ra phy re mains
the method of choice to de ter mine their struc ture, and
there fore crys tals for such com plexes need to be grown.

In an era that has been dom i nated by struc tural bi ol ogy
for the last 30-40 years, a dra matic change of fo cus to wards 
se quence anal y sis has spurred the ad vent of the ge nome
pro jects and the re sul tant di verg ing se quence/struc ture def -

i cit [3-4]. The cen tral chal lenge of com pu ta tional struc tural 
bi ol ogy is there fore to ra tio nal ize the mass of se quence in -
for ma tion into bio chem i cal and bio phys i cal knowl edge
and to de ci pher the struc tural, func tional and evo lu tion ary
clues en coded in the lan guage of bi o log i cal se quences.
How ever, many other ef forts have been per formed to un -
der stand the re la tion ship be tween the struc ture of pro teins
and their bi o log i cal func tion. In ad di tion, a num ber of pro -
tein can di dates gen er ated by genomics pro grams, has in -
creased the in ter est in all the as pects of gene de sign, pro tein 
ex pres sion, pu ri fi ca tion and crys tal li za tion [Fig ure 1].

In this lec ture, we at tempt to pro vide a crit i cal as sess -
ment of what one may ex pe ri ence dur ing pro tein crys tal -
log ra phy and to iden tify ma jor is sues yet to be re solved in
at tempt to crys tal lize multiprotein com plexes. The pre sen -
ta tion is or ga nized un der sev eral sub ti tles like def i ni tion of
ligand, re cep tor and their af fin ity; meth ods to de ter mine
bind ing prop er ties; strat egy for ex pres sion, pu ri fi ca tion
and crys tal li za tion of macromolecular com plexes and
struc ture de ter mi na tion, choice of ex pres sion vec tor and/or 
sys tem; ex pres sion and sol u bil ity anal y sis; pro tein char ac -
ter iza tion; bind ing prop er ties and as says; com plex
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formation.. all included in the ‘crystallization circle’ shown 
in Figure 1. 

We will also dis cuss a num ber of ways to sta bi lize pro -
teins for crys tal log ra phy that we have been ex pe ri enc ing,
in clud ing ge netic en gi neer ing, co-complexing with nat u ral
lig ands and bind ing of an ti body frag ments or al ter na tive
scaf folds [2–6]. It is im por tant to re mem ber that in a
three-di men sional crys tal four or more (in a two-di men -
sional case we need at least three) dif fer ent mo lec u lar con -
tacts are needed to be able to form a lat tice with a
non-sym met ri cal ob ject, and that the lat tice in ter ac tions
will al ways out num ber the spe cific con tacts that give rise to 
the phys i o log i cal com plex. How ever, ob tain ing dif frac -
tion-qual ity crys tals has long been a bot tle neck in solv ing
the three-di men sional struc tures of pro teins. Of ten pro teins 
may be sta bi lized when they are complexed with a sub -
strate, nu cleic acid, co fac tor or small mol e cule. These lig -
ands, on the other hand, have the po ten tial to in duce
sig ni f i cant conformational changes to the pro tein and ab
in itio screen ing may be re quired to find a new crys tal form.

This lec ture pres ents an over view of strat e gies in the fol -
low ing ar eas for ob tain ing crys tals of pro tein–ligand com -
plexes: (1) co-ex pres sion of the pro tein with the ligands of
interest, (2) the use of the ligands during protein
purification, (3) co-crystallization and (4) soaks.

1. Hassell et al. Crys tal li za tion of pro tein-ligand com plexes.
Acta Cryst D (2006) 63:72–79.

2. Stura et al. Crys tal li za tion of macromolecular com plexes:
SVS. J Cryst Growth (2001) 232:580–590.

3. Grif fin et al. An ti body frag ments as tools in crys tal log ra -
phy. Clin & Exp Immunol (2011) 165:285–291.  

4. Derewenda. Use of recom. meth. & mol. en gi neer ing in
prot. crys tal li za tion. Meth ods (2004) 34:354–63.

5. Hunte. Crys tal li za tion of memb. prot. me di ated by an ti -
body frag ments. Curr Op Str Biol (2002); 12:503–8.

6. Deller&Rupp. Crys tal li za tion of pro teins and
macromolecular com plexes. Wiley On line Libr (2014). 
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Fig ure 1.  Pro tein crys tal li za tion cir cle: A num ber of ways to in flu ence pro tein crys tal li za tion.
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AS SESS ING THE DIF FRAC TION QUAL ITY OF CRYS TALS

Vernon Smith

Bruker AXS GmbH, Östliche Rheinbrückenstrasse 49, 76187 Karlsruhe, Ger many

Vernon.Smith@bruker.com

What is a good crys tal?  Once you have ob tained a crys tal
of suit able size, with nice edges and good mor phol ogy,
there is more to be done in or der to pre pare for the col lec -
tion of a good qual ity dataset.

This talk will pro vide an in tro duc tion to the X-ray
screen ing of pro tein crys tals in or der to se lect those with
the best chance of pro duc ing good qual ity datasets.  The
dis cus sion will in clude the vi sual anal y sis of im ages to es ti -
mate dif frac tion qual ity and iden tify fea tures in the dif frac -

tion pat tern, crys tal in dex ing, and the treat ment of twinned
crys tals.  An over view of the pro ce dure for find ing the best
cryo-pro tec tion con di tions is in cluded.  Fi nally we will
pro vide an over view of the con sid er ations in volved in set -
ting up a good data col lec tion ex per i ment, based on crys tal
in for ma tion ob tained, the in stru ment and the kind of ex per -
i ment that is to be per formed.

Lec tures - Friday, June 15

L29

IN TRO DUC TION TO SIN GLE PAR TI CLE CRYO-EM

Eva Cunha

Nordic Cen ter for Mo lec u lar Med i cine, Uni ver sity of Oslo

We will cover the re cently rev o lu tion ized tech nique of
Cryo-EM whose lead ing de vel op ers were awarded the No -
bel prize in Chem is try in 2017. The re cent “res o lu tion rev -
o lu tion” in cryoEM, driven by de vel op ments in instru -
men tation such as di rect de tec tors and the Volta phase
plate, cou pled with ma jor im prove ments in data anal y sis,
has put Cryo-EM at the fore front of struc tural bi ol ogy, a
novel method for at tain ing high-res o lu tion mod els of dif fi -
cult tar gets (low yield, mod er ately flex i ble). Since 2015,
sev eral re cords have been achieved with the high est res o lu -
tion struc ture re ported so far for glu ta mate dehydro genase

(sol u ble pro tein, 1.8 C), an thrax toxin (mem brane pro tein,
2.9 C) and he mo glo bin (only 64 kDa, 3C). Another ad van -
tage is the pos si bil ity of study ing glycosylated pro teins as
well as the op tion of re con sti tut ing mem brane pro teins into
nanodiscs, pro vid ing a pro tein-en closed lipid bilayer and
thus a more na tive-like en vi ron ment as op posed to de ter -
gents.

We will cover sev eral of the im por tant top ics, from
sam ple re quire ments, to qual ity con trol and data pro cess -
ing, high light ing the many vari ables that need to be con -
trolled to achieve a high-qual ity struc ture.

L16

OP TI MI SA TION OF CRYS TAL GROWTH FOR NEU TRON CRYS TAL LOG RA PHY

Monika Budayova-Spano

Institut de Biologie Structurale, CEA-CNRS-UJF UMR 5075, 71 Av e nue des Mar tyrs, 
38044 Grenoble Cedex 9, France

monika.spano@ibs.fr

While syn chro tron X-ray meth ods dom i nate the field of
macromolecular struc ture de ter mi na tion, neu tron dif frac -
tion re mains an ex tremely valu able com ple men tary tech -
nique. The power of the neu tron tech nique re sides in
the abil ity to de ter mine hy dro gen po si tions, with out ra di a -
tion dam age is sues, al low ing room tem per a ture struc ture
de ter mi na tions. Fur ther, new ad vances in in stru men ta tion,
ex em pli fied by the LADI-III diffractometer at the ILL, ex -

ploit ef fi cient Laue tech niques that al low the use of much
smaller crys tals than pre vi ously pos si ble and pro vide rapid
and ac cu rate struc tural in for ma tion. Sub-mm3 crys tals are
now reg u larly be ing used for data col lec tion, struc tures
have been de ter mined to atomic res o lu tion for a few small
pro teins, and much larger unit-cell sys tems are be ing suc -
cess fully stud ied [1-2]. This trend is ex pected to con tinue
with fur ther im prove ments to ex ist ing in stru men ta tion,
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such as the con struc tion of en tirely new in stru ments, such
as the TOF Laue diffractometer “NMX” at the Eu ro pean
Spallation Source (ESS). How ever, de spite all the ad -
vances in the field, rel a tive to X-rays, sig nif i cantly larger
crys tals will al ways be re quired for neu tron dif frac tion
stud ies, par tic u larly with the ten dency to study ever-larger
macromolecules or com plexes. There fore fur ther de vel op -
ment of in stru men ta tion and meth ods for large crys tal
growth are re quired. 

In my lec ture I will in tro duce the crys tal li za tion de -
vices, based on the de tailed knowl edge of the phase di a -
gram, we have de vel oped es pe cially with the fo cus on
X-ray and Neu tron Macromolecular Crys tal log ra phy.
Knowl edge of the phase di a gram has key im por tance when
de sign ing and con trol ling a crys tal li za tion pro cess for a
sub stance. The 1st gen er a tion in stru ment com bines the use
of tem per a ture con trol and seed ing and al lows for grow of
large crys tals in crys tal li za tion batch [3]. A crys tal li za tion
batch in the metastable zone is seeded with small pro tein
crys tals. The seeds are main tained in side this re gion of the
phase di a gram for as long as pos si ble by do ing a tem per a -
ture step each time the crys tal so lu tion equi lib rium is
achieved. The tem per a ture steps are re peated un til crys tals
of suit able size for dif frac tion mea sure ment are ob tained.
The 2nd gen er a tion in stru ment, adds new func tion al ity to

the first in stru ment thanks to a fluidic cell en abling to per -
form a tem per a ture con trolled di al y sis crys tal li za tion ex -
per i ment [4,5]. The new crys tal growth ap pa ra tus
com bines ac cu rate tem per a ture con trol with con trol of the
chem i cal com po si tion of the crys tal li za tion so lu tion and
there fore it al lows very so phis ti cated ex per i ments to be
per formed. Sys tem atic phase di a grams in multi-di men -
sional space can be in ves ti gated us ing far less pro tein ma te -
rial than pre vi ously. We have dem on strated that it can be
ben e fi cial to pro vide suf fi cient scat ter ing vol umes for neu -
tron stud ies that re quire large-vol ume well-or dered sin gle
crys tals.  

The re cently de vel oped fluidic de vice, once adapted, is
in tended to be use ful in mon i tor ing and con trol ling the
crys tal li za tion pro cesses of chal leng ing bi o log i cal macro -
molecules, such as mem brane pro teins.

1. M. Blakeley, Crys tal log ra phy Re views 15, 157 (2009).

2. M. Blakeley et al., IUCrJ. 2, 464 (2015).

3. M. Budayova-Spano et al., Acta Crystallogr. D63, 339
(2007).

4. M. Budayova-Spano, Pat ent FR10/57354, UJF, (ex ten sion: 
EP117730945, US13821053, JP2013528746), (2010).

5. N. Junius et al., J. Applied Crystallogr. 49, 806 (2016).
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STATE-OF-ART BI O LOG I CAL SMALL-AN GLE-SCAT TER ING AND NEW
POS SI BIL I TIES ON FREE ELEC TRON LASERS

Manfred Roessle

X-ray Lab; Uni ver sity of Ap plied Sci ence Luebeck; Ger many

Bi o log i cal Small An gle X-ray Scat ter ing (SAXS) be came
one of the stan dard tech niques in struc tural bi ol ogy. As a
so lu tion scat ter ing method SAXS does not rely on high
qual ity pro tein crys tals and is not lim ited in pro tein size and 
fold ing state. On the other side, SAXS can not pro vide high
res o lu tion pro tein struc tures, how ever mod ern scat ter ing
data eval u a tion per mits model build ing of macromolecular
as sem blies in the range down to 15 Angström. High qual ity 
SAXS data can be re corded at stan dard lab based SAXS de -
vices, but the full ad van tage of so lu tion scat ter ing can be
ob tained at ded i cated SAXS syn chro tron beamlines. Us ing
SAXS, en vi ron men tal pa ram e ters can be al tered and pa -
ram e ters such as tem per a ture, pH-value and sa lin ity ad -
justed to the pro tein ac tiv ity. The most fas ci nat ing and
chal leng ing ap proach is the in ves ti ga tion of ki net ics and
dy nam ics of pro tein re ac tion. Start ing from sim ply fast

mix ing ex per i ments us ing pro tein and ligand so lu tions for
in ves ti ga tion of pro tein ki net ics, mod ern syn chro tron
beamlines al low as well pumped-probed ex per i ments for
ex plor ing the dy namic of pro tein-pro tein in ter ac tions and
pro tein do main mo tions. Fol low ing this idea of in ves ti ga -
tion on bi o log i cal sys tems “at work” new pos si bil i ties are
pro vided by Free Elec tron La sers. These up com ing high
bril liance X-ray sources are able to re cord X-ray dif frac -
tion data in the fs time range, which is suit able to re cord
pro tein dy nam ics in de tail.

In this lec ture the ba sics of bi o log i cal SAXS will be ex -
plained and high end ap pli ca tion of the SAXS method in -
tro duced. Some tech ni cal de tails of Free Elec tron La sers
will be given and fu ture pro spec tive ap pli ca tions of this
method discussed.
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STRUC TURE/FUNC TION STUD IES OF PAPS SYNTHASE ISOFORMS AND ITS
MU TANTS: CON TRI BU TIONS FROM CRYS TAL LOG RA PHY AND COM PU TA TIONAL

MOD EL ING

K. V. Venkatachalam

Nova South east ern Uni ver sity, Ft. Laud er dale, FL-33328
venk@nova.edu

3’-Phosphoadenosine 5’-Phosphosulfate (PAPS) synthase
(PAPSS) cat a lyze the for ma tion PAPS in two steps. First
in or ganic sul fate re acts with al pha-phosphoryl part of ATP
to form adenosine 5’-phosphosulfate (APS) and pyro -
phosphate (PPi) cat a lyzed by ATP-sulfurylase (ATPS) do -
main ac tiv ity of PAPSS. APS re leased from the ATPS
do main is in stan ta neously bound by APS kinase (APSK)
do main of the dimeric PAPSS. The 3’-oxyanion of the APS 
at tacks the gamma-phosphoryl of the new ATP that is now
bound to APSK do main. With this nucleophilic at tack ATP 
is cleaved be tween beta-gamma po si tion to form ADP and
PAPS. ATPS be ing an al pha-beta phosphoryl split ter it has
the char ac ter is tic HXGH mo tif and APSK be ing a
beta-gamma split ter has the typ i cal P-loop GXXGXXK
mo tif. There are two  isoforms of PAPSS. PAPSS1 is pre -
dom i nantly ex pressed in tis sues such as skin and brain and
its struc ture has been par tially re solved. PAPSS2(a/b) is
heavily ex pressed in the liver. PAPSS2 de fects has been re -
ported to cause skel e tal de for mity. Thus, it is im per a tive to
study the struc ture/func tions of PAPSS1 and PAPSS2a/b
ow ing to its clin i cal rel e vance in bone me tab o lism and or -
tho pe dic med i cine. PAPSS1 and PAPSS2a/b are about
73% iden ti cal in amino acid se quences, nev er the less the ki -
net ics of PAPSS for ma tion be tween these isoforms are dis -
tinct. Struc tural com par i sons of PAPSS1 and PAPSS2b
would al low to iden tify the spe cific fea tures of PAPSS2b.

This would then al low to ex plain the ki netic dif fer ences be -
tween PAPSS 1 and 2a/b. For the sulfurylase half-re ac tion,
pre vi ous mo lec u lar sim u la tion stud ies pre dict that in ad di -
tion to the char ac ter is tic H425NGH428 mo tif, at least one
arginine res i due plays a key role in the cat a lytic re ac tion.
The sec ond oxyanion neg a tive charge is bal anced by the
pos i tive charge of the arginine ni tro gen mak ing it
unreactive. Thus, the re ac tive free oxyanion of the sul fate
is fa cil i tated closer to the al pha-phosphoryl for the ac tual
ATPS cat a lytic re ac tion to oc cur. Sim i larly, with APSK the 
pro posed D1xD2T mo tif (Venkatachalam et.al. un pub -
lished) and the cor re spond ing mo lec u lar de tails will be re -
solved. Data from this will al low to elu ci date whether the
beta-carboxylate an ion of D1 or the neigh bor ing D2 would
re move the pro ton from the 3’-OH ribose of APS mak ing it
an oxyanion nucleophile which would then re act with
gamma-phos phate of ATP to form PAPS and ADP. In ad -
di tion, mu tants of H425NGH428 mo tif are be ing stud ied by
X-ray crys tal log ra phy to un der stand the ra tio nale be hind
in creased ac tiv ity of N426-K and null back ward ac tiv ity of
G427-A. In sum mary, this talk will il lus trate how an in ter -
play be tween X-ray crys tal log ra phy, mo lec u lar dy nam ics
sim u la tions and hy brid quan tum/MM cal cu la tions of re ac -
tion co or di nates can be uti lized to de scribe the struc -
ture/func tion re la tion of a dimeric multi- func tional,
multi-do main en zyme.

Ó Krystalografická spoleènost

a34    Pro tein crys tal li za tion course -  Lec tures Ma te ri als Struc ture, vol. 25, no. 3a (2018)


