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EXPERIMENTS ON THE DIFFUSION OF DYES AND IONS INTO PROTEIN CRYSTALS

Al ex an der McPherson, Ste ven B. Larson and Yuri G. Kuznetsov

De part ment of Mo lec u lar Bi ol ogy and Bio chem is try, Uni ver sity of Cal i for nia, Irvine,
Irvine, Cal i for nia, 92697  USA

Ex per i ments have been car ried out on 15 dif fer ent pro tein
crys tals, most in the range of 0.5 to 1.5 mm di men sions, to
mea sure the rates of dif fu sion of dye mol e cules into crys tal
in te ri ors. Mea sure ments have also been made of the dif fu -
sion of dyes through pro tein so lu tions of 50 mg/ml to 400
mg/ml con cen tra tion for com par i son. We found in the
course of our study that for most pro tein crys tals, once sat -
u rated with dye (as in di cated by their rich col ors), the dye is 
re tained in the crys tals for at least six months, per haps in -
def i nitely, af ter the crys tals are sub merged in large vol -
umes of clear, dye free mother li quor. This in di cates strong
as so ci a tion of the dyes with the in te rior of the crys tals. Di -
al y sis ex per i ments fur ther in di cate a strong as so ci a tion be -
tween the dyes and the pro tein mol e cules even in so lu tion.
X-ray dif frac tion ex per i ments on over 25 dye-sat u rated
lysozyme, thaumatin and trypsin crys tals, how ever, failed
to re veal (with a few note wor thy ex cep tions) any dif fer -
ence elec tron den sity in dic a tive of or dered bind ing. This
raises the ques tion of how high af fin ity be tween pro teins
and small mol e cules can arise from com pletely dis or dered
in ter ac tions.

Some of the dyes we use are pH sen si tive (pH in di ca tor
dyes) and change color as a func tion of H+ con cen tra tion.

We ex ploited the color change of nu mer ous dye-sat u rated
crys tals to mea sure the rates of H+ move ment into and out
of crys tals as the pH of the mother li quor was changed.
Some other dyes are sen si tive to re duc tion by, among oth -
ers, bisulfite or dithionite. Again, color changes within the
dye-sat u rated crys tals were used to mea sure the rates of
flow of reductants into the crys tals and the rates of sub se -
quent reoxidation of the crys tal bound dyes by am bi ent ox -
y gen. We were fur ther able to sat u rate pro tein crys tals
si mul ta neously with pH sen si tive dyes and re dox sen si tive
dyes and then pro duce a se quence of color changes in pro -
tein crys tals by ad di tion of reductants followed by changes
in pH of the mother liquor.

Fi nally, we made the ob ser va tion that, in gen eral, crys -
tals grown from PEG or other poly mers of sim i lar char ac -
ter is tics, un like those grown from salt, MPD, low ionic
strength, etc., can not be stained us ing any of the more than
30 dyes we in ves ti gated. Dyes ap pear to be barred from en -
ter ing these crys tals. We will dis cuss pos si ble im pli ca tions
of this ob ser va tion for crys tals grown from PEG, and the
mech a nism by which PEG promotes crystallization.
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ITC-ASSISTED CRYSTALLIZATION OF PROTEIN-LIGAND COMPLEXES

Eric Ennifar, Cyrielle da Veiga, Joelle Mezher, Dominique Burnouf, Philippe Dumas

Ar chi tec ture et Réactivité de l’ARN, CNRS/Université de Strasbourg,Institut de Biologie Moléculaire et
Cellulaire, Strasbourg, France

 
Co-crys tal li za tion of pro tein/lig ands com plexes is fre -
quently prob lem atic, even on es tab lished bi o log i cal sys -
tems. Much time, ef forts and sam ples can be spared us ing
pre lim i nary bio phys i cal meth ods in or der to asses a cor rect
for ma tion of the com plex in con di tions that are op ti mal for
co-crys tal li za tion. Among these ap proaches, Iso ther mal
Ti tra tion Cal o rim e try (ITC) is well-suited for anal y sis of
nu cleic ac ids in ter ac tions. A ma jor ad van tage of ITC over
other equiv a lent bio phys i cal ap proaches is that no la bel ing
of the sam ple is needed. In ad di tion, ITC is not sub jected to

mo lec u lar weight lim i ta tions and can be used vir tu ally in
any buff ers. As a con se quence, it can be di rectly used for
crys tal li za tion ex per i ments, al low ing the for ma tion of the
com plex in a more con trolled way and with the ad di tional
ad van tage of pro vid ing ther mo dy namic and bind ing in for -
ma tion ‘for free’.

Here we will show through var i ous ex am ples how to
im ple ment ITC as a guide to im prove co-crys tal li za tion of
pro tein-ligand complexes.
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MEMBRANE PROTEIN CRYSTALLIZATION USING CUBIC LIPID PHASES, BICELLES
AND VAPOR DIFFUSION

Hartmut Luecke

Cen ter for Biomembrane Sys tems, Uni ver sity of Cal i for nia, Irvine, USA

The Cu bic Lipid Phase (CLP) 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.  Var i ous pa ram e ters
(CLP 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 were crys tal lized
and their high-res o lu tion struc tures de ter mined.  In cases
where the CLP 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
CLP 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 part of the X-ray-de rived atomic model.  
Sur pris ingly, we were un able to use the CLP method to ob -
tain crys tals of the A215T mu tant of BR, only the bicelle
method provided results.

Anabaena SR (ASR): The struc ture of a sen sory rho -
dop sin from the cyanobacterium Anabaena has been de ter -
mined to 1.9C reso lu tion us ing the CLP method.  This
rep re sents the first eubacterial rho dop sin struc ture.  In
com par i son to the archaeal rhodopsins BR and SR there are 
many strik ing re ar range ments and shifts in hy dro gen bond -
ing pat terns on both the extracellular and the cy to plas mic

half of the re cep tor. Also, the cy to plas mic face, which is
thought to in ter act with its sol u ble trans ducer (ASRT), is
struc tur ally well de fined and very dif fer ent from that of the
archaeal rhodopsins. More re cently, we de ter mined the
struc ture of a sin gle-site mu tant (D217E) that pumps pro -
ton in the op po site di rec tion in a dif fer ent spacegroup us ing 
the CLP ap proach. The struc ture of ASRT has also been
de ter mined: it forms a C4 tetramer with a new all-beta fold.

Xanthorhodopsin (XR): a light-driven ion pump from
the halophilic eubacterium Salinibacter ruber found in sal -
tern crystallizer ponds of Spain, con tains a blue-ab sorb ing
carotenoid that func tions as a light-har vest ing an tenna for
its ret i nal chromo phore. This pro tein only crys tal lized from 
bicelles. In ad di tion to the ad ap ta tions to bind and ac cu -
rately po si tion the carotenoid an tenna for ef fi cient ex -
cited-state en ergy trans fer to the ret i nal, XR ex hib its ma jor
struc tural dif fer ences to the pre vi ously stud ied mi cro bial
pumps and photoreceptors. We also de ter mined the ring
struc tures of a pentameric (C5) and a hexameric (C6)
proteorhodopsin, from bicelles and CLP, respectively. 

Lastly, I will pres ent the re sults of struc tural & func -
tional stud ies on a sys tem re spon si ble for acid tol er ance in
cer tain patho genic bac te ria.  The sys tem is able to main tain
a periplasmic pH of ~6 even when the me dium has a pH of
2.  The buff er ing sys tem in volves the en zyme urease that
readily hydrolyzes urea into NH3 and CO2, which in turn
act as a pro ton sink to re duce [H+] by four or ders of mag ni -
tude.  This mem brane pro tein crys tal lizes as a C6 hexameric 
us ing va por dif fu sion af ter many rounds of op ti mi za tion,
in clud ing a de ter gent mix and E. coli polar lipids.
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MYTHS AND REALITIES ABOUT THE INFLUENCE OF ELECTRIC AND MAGNETIC
FIELDS ON PROTEIN CRYSTALLIZATION AND PROTEIN CRYSTAL GROWTH

C. Pareja-Rivera1, M. Cuéllar-Cruz2, A. Moreno1

1Instituto de Química, Universidad Nacional Autónoma de México, Av. Universidad 3000. Colonia UNAM,
04510 Ciudad de Mex ico, MEXICO, 2DIQEB, División de Ciencias e Ingeniería, Universidad de Guanajuato,

León, Guanajuato, México

Sin gle crys tal X-ray crys tal log ra phy is a pow er ful tech -
nique for de ter min ing the 3D struc ture of bi o log i cal
macromolecules at very high res o lu tion, when op ti mal
crys tals are ob tained by clas sic or ad vanced meth ods of
pro tein crys tal growth. Al though, this is not the only way to 
ob tain the three di men sional struc ture of many bi o log i cal
macromolecules ex ist ing in liv ing or gan isms. There are
four ad di tional ways to achieve this pur pose: 1) Pow der
X-ray dif frac tion, 2) NMR tech niques (ex per i ments done

in so lu tion), 3) Mod el ing by means of us ing the PDB, and
4) com bined meth ods of re con struc tion by Cryo-SEM and
SAXS. This con tri bu tion will show dif fer ent strat e gies and
meth od ol o gies by means of us ing tem per a ture-con trol and
high-pres sure for pro tein crys tal li za tion that might help to
in crease the suc cess rate of ob tain ing pro tein crys tals, dif -
fer ent poly morphs as well as to get high qual ity sin gle crys -
tals for crys tal lo graphic re search. This pa per will also
pres ent new ap proaches, where so phis ti cated meth ods are

96 ICCBM-16  -  Com ple men tary methods Ma te ri als Struc ture, vol. 23, no. 2 (2016)



Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 23,  no. 2 (2016)       97

used not only to grow pro tein crys tals, but also to con trol
the size and the ori en ta tion by ap ply ing elec tro mag netic
fields of dif fer ent in ten si ties. Fi nally, some case stud ies
from the au thor´s lab will show the ad van tages and dis ad -

van tages of us ing these non-con ven tional ap proaches for
high res o lu tion X-ray crys tal log ra phy.
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COMPUTATIONAL TOOLS TO AID CRYSTALLIZATION

Marko Ristic, Nich o las Rosa, Shane A. Sea brook, Da vid Lovell, Del Lu cent, Janet Newman

CSIRO Man u fac tur ing Bio med i cal, 343 Royal Pa rade, Park ville, Mel bourne VIC 3052, Aus tra lia
Marko.Ristic@csiro.au

Many of the tech niques used for, or in as so ci a tion with,
crys tal li za tion pro duce such large amounts of (of ten un -
read able) data that it is dif fi cult to ex tract an ap pro pri ate in -
ter pre ta tion with out over-in ter pre ta tion. Sys tem atic (auto -
mated) data anal y ses are cru cial to ob tain ing con sis tent in -
ter pre ta tion of re sults, par tic u larly for tech niques which a
re searcher only uses in ter mit tently.  Cur rent com pu ta tional
anal y sis tools are sparse due to the com plex na ture of most
out put data. Sin gle re sults that con sist of mul ti ple points
(for ex am ple, a vis i ble spec trum) re quire func tional anal y -
sis to make curve-to-curve rather than point-to-point com -
par i sons.

In the Col lab o ra tive Crystallisation Cen tre (C3), the
cre ation of com puter soft ware which con sid ers data as

func tional sets of points has al lowed us to sim plify and
speed up nu mer ous data anal y ses.  We have cre ated au to -
mated anal y ses of both ther mal melt ex per i ments [1, 2] and
pH ex per i ments that pro duce spec tral out put.  By al low ing
eas ier un der stand ing of ma chine out put, dif fer ent tech -
niques are made more use ful and ac ces si ble to the end users 
of the analyses.

1. N. Rosa, M. Ristic, S. A. Sea brook, D. Lovell, D. Lu cent,
J. Newman, J Biomol Screen ing, 20, (2015), 898-905.

2. M. Ristic, N. Rosa, S. A. Sea brook, J. Newman, Acta
Cryst, F71, (2015), 1359-1364.
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HOW LIGHT SCATTERING CAN CONTRIBUTE TO PURIFICATION,
CHARACTERIZATION AND CRYSTALLIZATION OF PROTEINS

Thomas Jocks

Wyatt Tech nol ogy Eu rope GmbH

The ad vent of pro teins used in many fields like di ag nos tics
or as ther a peu tic agents brought the ne ces sity to mon i tor all 
steps of syn the sis and pro cess ing as well as highly ef fi cient
and re li able qual ity con trol pro ce dures be fore ad min is tra -
tion, e.g. in hu man dis ease. More over, iso la tion or syn the -
sis of nu mer ous struc tural and mem brane pro teins in life
sci ences re quire pow er ful tech niques to de ter mine var i ous
pa ram e ters such as mo lec u lar weight, ra dius, oligomeric
state or ag gre gate for ma tion to as sess the qual ity of a prep -

a ra tion. For many sam ples, their crys tal li za tion be hav ior
also has to be eval u ated and pre dicted, if pos si ble. The
choice of an ap pro pri ate sep a ra tion method such as Size
Ex clu sion Chro ma tog ra phy (SEC) or Field Flow Frac tion -
ation (FFF) can also play an im por tant role in the pro cess.
In our pre sen ta tion we will ad dress the ba sics of light scat -
ter ing tech nol ogy and show ap pli ca tion ex am ples to give
an in sight into the use ful ness of the Wyatt light scat ter ing
toolkit for macromolecular char ac ter iza tion.
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WHAT’S IN A DROP? MOV ING FROM IM AGES TO OUT COMES

Janet Newman1, Thomas Carroll2, Vin cent J Fazio3, Rongxin Li4, Chris to pher J Russell5,
Chris Watkins6, Da vid Ratcliffe7

1CSIRO Man u fac tur ing (Bio med i cal) 343 Royal Pa rade, Park ville VIC 3054
2Uni ver sity of Mel bourne, Park ville VIC 3010

3CSIRO Min er als Pri vate Bag 10, Clay ton South VIC 3169
4Data61, Mars field NSW 2122

5CSIRO Sci en tific Com put ing, North Ryde NSW 2113
6CSIRO Sci en tific Com put ing Pri vate Bag 10, Clay ton South VIC 3169

7Data 61, Acton ACT 2601

State of the art pro tein crys tal li za tion is a num bers game: as 
it is un likely that the con di tions un der which any given
macromolecule will crys tal lize can be de duced a pri ori,
con di tions must in stead be found by ex per i men ta tion.

 Crys tal li za tion is a time-de pend ent trial and er ror sam -
pling of the ex tremely large space of pos si ble crys tal li za -
tion con di tions: large num ber of con di tions are tested, and
each ex per i ment is ob served (of ten by im ag ing) at sev eral
time points. The ul ti mate goal is to have a con sis tent ma -
chine gen er ated score for each im age de scrib ing the out -
come and then to cor re late im age sim i lar ity with con di tion
sim i lar ity, build ing up an ac cu rate pic ture of the phase di a -
gram for any sys tem.  This would en able con di tions for
crys tal li za tion to be lo cated, even if the ini tial set of ex per i -

ments did not sam ple the ap pro pri ate set of ex per i men tal
con di tions in the space of all pos si ble con di tions.

Cur rently, au to ma tion is used rou tinely to min ia tur ize
the ex per i ments and to cap ture their re sults, but not to in ter -
pret the re sults of the ex per i ments.  We are in ter ested in dif -
fer ent ap proaches to us ing ma chine learn ing to in ter pret the 
re sults of crys tal li za tion ex per i ments – what tools have al -
ready been de vel oped, and how can they be best im ple -
mented in a prac ti cal and timely way?  We will dis cuss
prog ress of im ple men ta tion, and com pare and con trast ex -
ist ing ap proaches to au to ma tion of scor ing.  Fi nally, we
will dis cuss the steps we are tak ing to find re la tion ships be -
tween the ex per i men tal con di tions and the out comes of
those ex per i ments.

S9-L2

AUTOMATED SCORING OF CRYSTALLISATION EXPERIMENTS USING 
MULTIPLE IMAGES

J. Wil son

De part ments of Chem is try and Math e mat ics, Uni ver sity of York, York, UK

Find ing the con di tions that will pro duce dif frac tion qual ity
crys tals can re quire many crys tal li za tion ex per i ments. The
use of ro bots has in creased the num ber of ex per i ments per -
formed in most lab o ra to ries and, in struc tural genomics
cen tres, tens of thou sands of ex per i ments can be pro duced
each day. Vi sual in spec tion is be com ing in creas ingly im -
prac ti cal and au to mated im ag ing sys tems are now used
rou tinely to re cord the re sults of these ex per i ments. Im age
anal y sis soft ware has been de vel oped a num ber of re search
groups [1-4] to pro vide scores, al low ing the im ages from
crys tal li za tion tri als to be ex am ined in or der of merit and
re duc ing the num ber that need to be ex am ined by eye.
How ever, scor ing in di vid ual im ages does not take ad van -
tage of the fact that each ex per i ment is as sessed reg u larly

over a pe riod of time. As each new im age is pro duced, fur -
ther in for ma tion about the ex per i ment be comes avail able
and changes be tween im ages can be en coded as ad di tional
fea tures for clas si fi ca tion. The more in for ma tion that can
be ob tained, the greater the like li hood of cor rect clas si fi ca -
tion and, in ad di tion to anal y sis of the time-course im ages
as a se quence, the in for ma tion gained from UV im ag ing is
con sid ered. For ex am ple, al though the drop in fig ure 1 is
eas ily iden ti fied in the greyscale gra di ent mag ni tudes, the
drop in fig ure 2 can not be found. How ever, the ad di tional
in for ma tion from the UV im age taken at the same time, al -
lows a mask to be found so that fur ther pro cess ing is re -
stricted to the crystallisation drop. 

Ó Krystalografická spoleènost

98 ICCBM-16  -  Lectures Ma te ri als Struc ture, vol. 23, no. 2 (2016)


