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Crys tal li za tion of macromolecules used to be rather em pir -
i cal pro ce dure, and be cause of its un pre dict abil ity and fre -
quent irreproducibility, it has long been con sid ered as an
"art" rather than sci ence. It is only in the last 20 years that a
real need has emerged to better un der stand and ra tio nal ize
the crys tal li za tion of bi o log i cal macromolecules. As the
mol e cules in volved in crys tal li za tion ex hib ited such
contrarious be hav ior and were poorly char ac ter ized, con -
duct ing se ri ous re search into their crys tal li za tion was con -
ceded as hope less. Only when the de mand for crys tals by
crys tal log ra phers and later mo lec u lar bi ol o gists could no
lon ger be ig nored, re search ers pur sued in ear nest the study
of macromolecular crys tal growth (McPherson 1999).

Re search ers work ing in the pro tein X-ray crys tal log ra -
phy lab o ra tory un der stand that the first re quire ment for
pro tein struc ture de ter mi na tion is to grow suit able crys tals. 

 With out crys tals there is no X-ray struc ture 
de ter mi na tion of a pro tein! 

The char ac ter is tics of crys tals and bi o log i cal macro -
molecules crys tal li za tion data have been com piled in the
Bi o log i cal Macromolecule Crys tal li za tion Da ta base
(BMCD) (Gilliland et al. 1994, Gilliland 1998). The
BMCD con tains crys tal data and the crys tal li za tion con di -
tions, which have been col lected from the lit er a ture. The
cur rent ver sion of the BMCD con tains 43406 crystal en -
tries (Tung and Gallagher, 2009) from macromolecules for
which dif frac tion qual ity crys tals have been ob tained.
These in clude pro teins, pro tein-pro tein com plexes, nu cleic
acid, nu cleic acid:nu cleic acid com plexes, pro tein:nu cleic
acid com plexes, and vi ruses. All crys tal lo graphic in for ma -
tion about par tic u lar macro molecule in clud ing X-ray dif -
frac tion data and sta tis tics in for ma tion are avail able on line

in the Pro tein Data Bank (RCSB PDB) da ta base (Berman et 
al. 2000). The RCSB PDB pro vides a va ri ety of tools and
re sources for study ing the struc tures of bi o log i cal
macromolecules and their re la tion ships to se quence, func -
tion, and dis ease.

CRYS TAL LO GE NE SIS KEY WORDS

Macromolecules
All of the macromolecules are poly mers of one of the pre -
cur sor classes that in clude the amino ac ids, the
ribonucleotides and deoxyribonucleotides, sug ars of var i -
ous sorts, fatty ac ids, etc. These small mol e cules are linked
to gether in a se quence by com pli cated se ries of chem i cal
re ac tions in the cell to form the macromolecules such as

pro teins, nu cleic ac ids (RNA and DNA), poly sac cha rides
and lipids. The struc tural com plex ity and phys i o log i cal
role of macromolecules are a func tion of the di ver sity of
the pre cur sors, the se quence in which they are joined to -
gether, the num ber of pre cur sors in the poly mer, and fi -
nally, the 3D form af ter poly mer syn the sis.
Macro molecules as sume 3D struc tures that se ques ter and
pack hy dro pho bic groups in their in te rior and leave hy dro -
philic groups ex posed to sol vent. Sol vent mol e cules form
sol vent lay ers around macromolecules.

Tar gets of bi o log i cal crystallogenesis
For bi ol o gists, study ing crys tal growth should be cor re -
lated with bi o log i cal prob lems, and crys tal li za tion pro jects
on macromolecular com plexes, mem brane pro teins, and
es pe cially en gi neered pro teins, are be ing de vel oped. 

For phys i cists, grow ing large monocrystals can be a
goal in it self, and one might spec u late that ex plo ra tion of
op ti cal, electronical, me chan i cal, and other phys i cal prop -
er ties of crys tal line ar rays made from biomacromolecules
or as sem blies can lead to novel fron tiers in the ma te rial sci -
ence.

For chem ists, us age of chem i cal and mo lec u lar bi ol ogy
tools could lead to de sign ing mo lec u lar de vices and other
nanostructures mim ick ing macromolecular crys tals in the
fu ture.

Crys tals
Crys tals are chem i cally well de fined; of ten they are geo -
met ri cal sol ids with reg u lar faces and sharp edges. From
the phys i cal point of view, crys tals are reg u lar three-di -
men sional ar rays of at oms, ions, mol e cules, or mo lec u lar
as sem blies. Ideal crys tals can be pic tured as in fi nite and
per fect ar rays in which the build ing blocks (the asym met ric 
units) are ar ranged ac cord ing to well-de fined sym me tries
into unit cells that are re peated in 3D by trans la tions. Ex -
per i men tal (lab o ra tory-grown) crys tals have fi nite di men -
sions; their pe ri od ic ity is never per fect, due to dif fer ent
kinds of lo cal dis or ders or dis lo ca tions.  The phe nom e non
un der ly ing struc tural chem is try and bi ol ogy is the abil ity of 
crys tals to dif fract X-rays, neu trons, or elec trons. 

Macromolecular crys tals
Macromolecular crys tals are rather small with poor me -
chan i cal prop er ties and a high con tent of sol vent filled

chan nels that make up 20-80% of their vol ume. These
crys tals are al ways ex tremely frag ile and sen si tive to ex ter -
nal con di tions. For this rea son macromolecular crys tals
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have to be kept in the sol vent-sat u rated en vi ron ment, else
de hy dra tion will lead to crys tal crack ing and de struc tion.

Crys tal li za tion and crys tal li za tion strat egy
Crys tal li za tion is a multiparametric pro cess in volv ing the
three clas si cal steps of nu cle ation, growth, and ter mi na tion
of growth. The tac tics to crys tal lize pro teins can be sep a -
rated into two parts as sum ing that a sig nif i cant quan tity of
pure ho mo ge neous pro tein is avail able. First the ini tial con -
di tion must be es tab lished where the pro tein mol e cule can
be dis placed into a state of supersaturation fol lowed by an
equil i bra tion pro cess that fa vors min i mal nu cle ation and
op ti mal crys tal growth.  The meth ods of crys tal liz ing pro -
teins usu ally have to be ap plied over a broad set of con di -
tions ad just ing chem i cal vari a tions such as pH, ionic
strength, metal ions or de ter gents. Phys i cal fac tors in clud -
ing tem per a ture, grav ity, sur faces, vis cos ity, di elec tric
prop er ties or vi bra tions must also be con sid ered dur ing the
crys tal li za tion pro cess. Bio chem i cal is sues also come into
play where the pu rity, mod i fi ca tion or ag gre ga tions de ter -
mine the fate of suc cess ful crys tal growth. In 1999
McPherson (1999) re viewed a com pre hen sive list of fac -
tors ef fect ing pro tein crys tal growth (Ta ble 1). Even when
ini tial crys tal li za tion con di tions were suc cess fully de ter -
mined and crys tals were pro duced, their qual ity may not be
suf fi cient for X-ray dif frac tion and thus not ad e quate for
sub se quent struc ture de ter mi na tion. Here op ti mi za tion of
the ini tial screen ing con di tions must be per formed to im -
prove the qual ity of the crys tal to en able X-ray anal y sis.
This en tails fine  ‘tun ing’ of any of the vari able pa ram e ters
de scribed above aimed at op ti miz ing the supersaturation
state to pro duce a crys tal of the high est qual ity. 

Be cause of the multiparametric na ture of the crys tal li -
za tion pro cess and the di ver sity of the in di vid ual prop er ties 
of pro teins, it is strongly rec om mended to col lect as much
in for ma tion about the pro tein of in ter est as pos si ble. Ta ble
2 lists ex am ples of ques tions es sen tial to con sider prior to
any crys tal li za tion ex per i ments.  

Crys tal li za tion ex per i ments
Gen er ally, the pro tein crys tal li za tion ex per i ments pro ceed
in two steps. First step is test screen ing of the pro tein sol u -
bil ity con sid er ing the precipitants (pre cip i tat ing agents)
and other so lu tion com po nents. Usu ally in this step, in sol u -
ble pro tein is ob served as an amor phous pre cip i tate, which
means that the pre cip i ta tion con di tions were too se vere to
al low crys tal growth. In the sec ond op ti mi za tion step con -
di tions, which gave rise to pre cip i tates in the first step, are
mod i fied sys tem at i cally to al low the ad vance to in sol u ble
state that is re quired for the for ma tion of crys tal nu clei. 

Crys tal li za tion re sults
For the ex am i na tion of the crys tal li za tion tri als a
stereomicroscope is used. Crys tals are usu ally easy to dis -
tin guish from amor phous pre cip i tate. Diffractable crys tals
are typ i cally sin gle, trans par ent, of a de fined form char ac -
ter ized by pla nar faces and free of cracks and any de fects.
Crys tals are of ten birefringent, i.e. they ap pear dark and
bright as they ro tate un der crossed polarizers in the
stereomicroscope. Sev eral meth ods to test whether crys tals 
are pro tein or salt are now avail able. These in clude crush
test, de hy dra tion test, and dye bind ing test, gel elec tro pho -
re sis and X-ray dif frac tion. 
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Phy s i cal Che mi cal

Tem pe ra tu re
Sur fa ces
Metho do lo gy/ap proach to equlib ri um
Gra vi ty
Pres su re
Time
Vib rati ons/sound/me chan i cal per tur bati ons
Electro sta tic/mag netic fields
Die lect ric prop er ties of the me di um
Vis co si ty of the mediurate of equlib rati onm
Ho mo ge ne ous or heterogenous nucle ants
Rate of equi lib ri um

pH
Pre ci pi tant type
Pre ci pi tant con cen t rati on
Io nic stren gth
Spe ci fic ions
De gree of su per sa tu rati on
Re ducti ve/ox i da tive en vi ron ment
Con cen t rati on of the ma cromo le cules
Me tal ions
Cross lin kers/po ly i ons
De ter gents/sur fac tants/am pho phi les
Non-ma cromo le cu lar im pu ri ties

Bi o che mi cal Bi o lo gi cal

Pu ri ty of the ma cromo le cu le/im pu ri ties
Li gands, in hib i tors, ef fec tors
Ag gre gati on state of the ma cromo le cu le
Post-translati on mo di fi cati ons
Sour ce of ma cromo le cu le
Pro te o ly sis/hyd ro ly sis
Che mi cal mo di fi cati ons
Ge ne tic mo di fi cati ons
Inhe rent sym me try of the ma cromo le cu le
Sta bi li ty of the ma cromo le cu le
Iso e lect ric point
His to ry of the sam ple (dena tu rati on, de gra dati on)

Ra ri ty of most bi o ma cromo le cules
Bi o lo gi cal sources and phys i o log i cal state of or gan isms or cells
Bac te rial con tam i nants

Pu ri ty of ma cromo le cules

Ma cromo le cu lar con ta mi nants 
(odd ma cromo le cules or small mo le cules)
Sequen ce micro he te ro ge ne i ties 
(frag men tati on by pro teas es or nucle a ses)
Con for ma tion micro he te ro ge ne i ties 
(fle xi ble do mains, oli go mers, ag gre gati on)
Batch ef fects (two batches are not iden ti cal)

Ta ble 1. Pa ram e ters ef fect ing the crys tal li za tion of macromolecules.



In the case of grow ing microcrystals, the seed ing tech -
niques can be used to grow the crys tal. The seeds
(microcrystals) are trans ferred to a new pro tein-pre cip i tant
drop us ing a streak seed ing wand or a crys tal trans fer sy -
ringe, re spec tively. Seeds pro vide a tem plate on which fur -
ther mol e cules can as sem ble, and given the proper
en vi ron ment, time, and pa tience, the seed will en large into
a crys tal.

Ex pe ri ence and reproducibility are guides in mak ing
crys tal li za tion ex per i ments. Don’t for get this and wel come
in PX!

Berman HM, West brook J, Feng Z, Gilliland G, Bhat TN,
Weissig H, Shindyalov IN, Bourne PE: The Pro tein Data
Bank. Nu cleic Ac ids Re search 28, 235-242 (2000).

Gilliland GL: A bi o log i cal macromolecule crys tal li za tion da ta -
base: A ba sis for a crys tal li za tion strat egy. J. Cryst.
Growth 90, 50-51 (1998).

Gilliland, GL, Tung M, Blakeslee DM and Ladner J: The Bi o -
log i cal Macromolecule Crys tal li za tion Da ta base, Ver sion
3.0: New Fea tures, Data, and the NASA Ar chive for Pro -
tein Crys tal Growth Data. Acta Cryst. D50, 408-413
(1994).

McPherson A: Crys tal li za tion of bi o log i cal macromolecules.
Cold Spring Har bor Lab o ra tory Press, New York (1999).
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The most fre quently used crys tal li za tion method is the va -
por dif fu sion tech nique. In prac tice, sit ting or hang ing
drop lets (mix ture of equal vol umes of pro tein and crys tal li -
za tion so lu tion) of up to a few microliters are placed over a
res er voir so lu tion. But also the (mi cro-)batch method is
still be ing used. 

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, so to speak. The 
clas si cal vapour dif fu sion ex per i ment can be mod i fied by
sev eral pre and post set-up tech niques:

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

1. in ser tion of an oil bar rier that will slow down the 
         equil i bra tion rate

2. use of gels to, among other ef fects, slow down 
   con vec tion in the drop let
3. use of cap il lar ies in va por dif fu sion mode to 

    min i mize han dling of crys tals
4. microseed ma trix seed ing to out wit nu cle ation
5. flu o res cent dye-la bel ling of pro teins
6. ad di tion of pro teas es for in situ, lim ited pro te ol y sis

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. seed ing

Dur ing the hands-on prac ti cal ex er cises, the pre and post
set-up al ter ations will be dem on strated and dis cussed in
more de tail. Also the stan dard microbatch tri als in Terasaki 
plates (drop lets un der par af fin oil) can be ma nip u lated by
choos ing dif fer ent oils (mix ture of sil i con and par af fin oil).
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Bi o lo gy and pro ducti on Bi o che mis t ry

What is the bi o lo gi cal ori gin of the pro tein of your in te rest?
Has the gene en cod ing the pro tein been sequen ced
Has the pro tein been clo ned?
How many mg/l of cul ture can you pro du ce?
How many mg of the pro tein can you ob ta in in stan dard pu ri fi -
cati on?

How long does it take to pu ri fy one batch of the pro tein?
How do you as sess pu rity of the pro tein? 
   (SDS-PAGE, HPLC, MASS)
What are the prin ci pal char ac ter is tics of the pro tein? 
(Mr, isoelectric point, disulfide bridges, hydrophobicity, etc.)
What are the friendly sol vents?
Is the pro tein monomeric or oli go me ric?
What is the sta bi li ty of the pro tein vs time, T, or pH?

Ta ble 2. Es sen tial ques tions to con sider prior to suc cess ful crys tal li za tion.
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Crys tal li za tion of pro teins is in flu enced by many fac tors.
Op ti mal con di tions for crys tal nu cle ation and growth can -
not be pre dicted, they must be found ex per i men tally. An
ex haus tive search of all vari ables will be time con sum ing,
te dious and will need large amounts of pro tein. A highly ef -
fec tive ap proach to over come these dif fi cul ties is the use of 
com mer cially avail able kits based on a sparse-ma trix

method. Crys tal li za tion kits were em pir i cally de rived
based on known or pub lished crys tal li za tion con di tions of
var i ous pro teins in the past and al low us to screen a large
range of buff ers, pH, ad di tives and precipitants us ing small
amounts of pro teins. They be come the most pop u lar way of 
de ter min ing the pre lim i nary con di tions for ob tain ing pro -
tein crys tals. 
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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 with
ref er ence to the lat est up date of the Mem brane Pro tein Data 
Bank (www.mpdb.tcd.ie). 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 lipidic cu bic phase or in
meso method will be given at the FEBS Lab Excercises on
Sat ur day, June 23.   
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One of the most com mon ques tions in macromolecular
crys tal li za tion is:  “I have some small (or ugly, or bad) crys -
tals now, what can I do to im prove them?” One pow er ful
op ti mi za tion tool is seed ing.  In this tech nique, crys tals
grown pre vi ously are in tro duced into new drops. The “seed 
crys tals” can be microcrystals, spheru lites, or even other
solid phases found by the ini tial screen ing ex per i ments. In
the new drops, these “seed crys tals” be come ready-made
tem plates for the pro tein mol e cules to ac cu mu late on.  This
elim i nates the need for spon ta ne ous nu cle ation, which is a
kinetically lim it ing step in crystallogenesis. 

There are many ways of per form ing seed ing and this
lab ex er cise will dem on strate two of them, streak-seed ing
(Stura, 1999) and jab-seed ing (Mac Swee ney & D’Arcy,
2009).   The ex er cises dem on strate seed ing by man ual
meth ods, but seed ing can also be done robotically, as will
be dem on strated by Pat rick Shaw Stew art.  The pur poses of 
the ex per i ments are:

• To learn how to trans fer seeds by easy, fast, and tech -
ni cally sim ple man ual meth ods.

• To ob serve the ef fects of de creas ing pro tein con cen -
tra tion on the seed growth.

• To ob serve the ef fects of di lut ing the num ber of
seeds

• To com pare streak-seed ing and jab-seed ing as meth -
ods for microseed trans fer

Stura, E.  Chap ter 14:  Seed ing (1999) in Pro tein Crys tal li -
za tion, Ed. T. Bergfors, In ter na tional Uni ver sity Line, La
Jolla, Cal i for nia.

Bergfors, T.  (2003) Seeds to Crys tals.  J. Struc tural Biol.
Vol. 142, 66-76.

Mac Swee ney, A. and D’Arcy, A. Chap ter 6: Seed ing
(2009) in Pro tein Crys tal li za tion, 2nd Edi tion, T. Bergfors,
Ed., In ter na tional Uni ver sity Line, La Jolla, Cal i for nia.  

Seed ing Lab Ex er cises en closed at the end of book of ab -
stracts on page 48.
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Microfluidic de vices of fer many advantages for crys tal
growth: they can eas ily han dle nano-vol umes of so lu tions
and have been used to min ia tur ize crys tal li za tion meth ods
such as batch, free in ter face dif fu sion, coun ter-dif fu sion or
di al y sis. Thus, they pro vide a very ef fi cient parallelization
of crys tal li za tion as says for high through put screen ing ap -
pli ca tions. In ad di tion, due to their small cross-sec tion,
microfluidic chan nels and cham bers con sti tute con vec -
tion-less en vi ron ments that are a pri ori fa vor able to the
growth of high qual ity crys tals. Fi nally, some of these
microfluidic chips are com pat i ble with the in situ crys tal
anal y sis by X-ray dif frac tion. Dif fer ent mi cro sys tems,
their func tion and man u fac tur ing pro cess will be pre sented
dur ing the work shop. Par tic i pants will have the op por tu -
nity to per form crys tal li za tion as says and to grow crys tals
of model pro teins in such de vices.
User man ual for XZTM crys tal li za tion plates en closed at the 
end of book of ab stracts on page 63.
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Ex am ples of crys tal li za tion chips with stan dard SBS foot print
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CRYS TAL LI ZA TION UN DER OIL - UN CON VEN TIONAL CRYS TAL LI ZA TION
TECH NIQUES FOR SCREEN ING AND OPTIMISATION

Na omi E. Chayen and Lata Govada

De part ment of Bio-Mo lec u lar Med i cine, Fac ulty of Med i cine, Im pe rial Col lege Lon don, Lon don SW7 2AZ, UK

l.go va da@im pe rial.ac.uk

Dear Course Par tic i pants,
I have writ ten down some of the meth ods that I will talk
about in the work shop in the form of ex er cises, to give you
step by step pro to cols of set ting up the ex per i ments.

The meth ods are mostly for op ti mi za tion – in cases that
you get poor crys tals that need im prove ment. Some can
also be ap plied for screen ing as men tioned in the spe cific
pro to cols.

These meth ods have been suc cess ful in yield ing dif -
frac tion qual ity crys tals of a va ri ety of pro teins in cases
where con ven tional meth od ol ogy failed. I have used
lysozyme and trypsin as mod els in some of the pro to cols in

or der to have ex am ples and re sults that you can see within a 
short time, but of course, the aim is to use these tech niques
with your prob lem pro teins.

There is no magic bul let to solve all the crys tal li za tion
prob lems how ever hav ing a port fo lio of dif fer ent tech -
niques is very help ful.

GOOD LUCK!
Na omi

Ex er cises 1-7 en closed at the end of book of ab stracts
on page 51 
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AD DI TIVE EX PER I MENTS, MICROSEEDING, GRIDS FOR OP TI MI ZA TION;
OP TI MI ZA TION TECH NIQUES US ING AU TO MATIC CON TACT DIS PENS ING

Pat rick Shaw Stew art

Douglas In stru ments Ltd, DouglasHouse, EastGarston, Hunger ford, Berk shire, RG177HD, UK
pat rick@douglas.co.uk

Pat rick Shaw Stew art will dem on strate sev eral tech niques
for im prov ing pro tein crys tal li za tion af ter find ing ini tial
crys tal li za tion con di tions.  These in clude ad di tive ex per i -
ments (which can also be used for ini tial screen ing),
microseeding (in clud ing the MMS tech nique), micro -
batch-un der-oil, and sim ple 2-d grids for op ti mi za tion. 
Stu dents can use model pro teins or bring their own pro -
teins.

One of the lab ex er cises will be microseeding with ran -
dom crys tal li za tion screens.  This method will of ten give
ad di tional hits and re duce the need for crys tal op ti mi za tion. 
To find out more please see the ref er ences and link be low. 

If you have pro teins that you would like to crys tal lize
by microseeding, please bring them.  An ap pro pri ate
amount to bring would be around 60 µl.  We nor mally set
up drops us ing 0.3 (pro tein) + 0.2 (res er voir) + 0.1 (seed
stock).  So 60 µl of pro tein would al low you to set up
two 96-well plates.

If you’re short of pro tein, how ever, we can have a go
with just 10 µl.

Please also bring crys tals if you have any, to make the
seed stock.  If your crys tals were grown by va por dif fu sion, 
re move the res er voir so lu tions, cover the drops with pure
par af fin oil, and re seal with tape.  This will pre serve them 
dur ing your trip.

If your pro tein crys tal lizes quickly, we can set up crys -
tals on the first day (with the ro bot) and har vest them to
make the seed stock on the sec ond day.

We don’t rec om mend trans port ing the seed stocks at
room tem per a ture be cause the seed crys tals may dis solve.

We are pro vid ing sev eral com mer cially avail able crys -
tal li za tion screens. How ever, if you know the con di tion
your pro tein crys tal lizes in, we rec om mend to bring your
crys tal li za tion buffer as well. 

Allan D’Arcy, Frederic Villarda, May Marsh.  ‘An au to -
mated microseed ma trix-screen ing method for pro tein crys -
tal li za tion’.  Acta Crystallographica sec tion D63 (2007)
550–554.  On-line at scripts.iucr.org/cgi-bin-pa -
per?S0907444907007652.

Pat rick D. Shaw Stew art, Stefan A. Kolek, Rich ard A.
Briggs, Na omi E. Chayen and Pe ter F.M. Baldock. ‘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’.  Cryst. Growth Des.,
2011, 11 (8), pp 3432–3441. On-line at
pubs.acs.org/doi/abs/10.1021/cg2001442

www.douglas.co.uk/mms.htm 
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DY NA MIC LIGHT SCAT TE RING 

Karsten Dierks1, Arne Meyer1, Howard Einspahr2 and Chris tian Betzel3

1XtalConcepts, Stellinger Steindamm 7, 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
dierks@xtal-con cepts.de

Dy namic Light Scat ter ing (DLS) is an ap pli ca tion to de ter -
mine par ti cle sizes in so lu tion. It can be un der stood as a
method to mea sure the ve loc ity of the Brownian mo tion.
This ve loc ity is re lated to the par ti cle size by the
Stokes-Ein stein equa tion, which links dif fu sion ve loc ity,
vis cos ity and tem per a ture of the sol vent with par ti cle size
(ra dius). In or der to ob tain cor rect val ues, there fore it is
nec es sary to know these pa ram e ters. 

Part of the in stru ment is a la ser di ode. The la ser light is
fo cused in the sam ple cell. The par ti cles scat ter the la ser
light in all di rec tions. Be cause the par ti cles are in con stant
mo tion, the in ten sity of the scat tered light, as viewed from
a cer tain di rec tion, changes ac cord ingly by al ter nat ing con -

struc tive and de struc tive in ter fer ence. The ve loc ity of the
re sult ing in ten sity fluc tu a tions de pends on the Brownian
mo tion and it is cor re lated with the hy dro dy namic ra dius of 
the par ti cle. By an a lyz ing these in ten sity fluc tu a tions, it is
pos si ble to de ter mine the par ti cle ve loc ity and hence, via
above equa tion, the de sired par ti cle ra dius. The scat tered
light is con se quently col lected and reg is tered by a photo
mul ti plier tube, count ing sin gle pho tons. The out put sig nal
of this tube is di rected to an autocorrelator, which fi nally
cal cu lates the autocorrelation func tion (ACF). 
Used guide en closed at the end of book of ab stracts on
page 59.

E9 

TRACE FLUORESCENT LABELING FOR PROTEIN CRYSTALLIZATION SCREENING

Marc Pusey

iXpressGenes, Inc., 601 Ge nome Way, Huntsville, AL 35806, USA
marc.pusey@ixpressgenes.com

Flu o res cence can be a pow er ful tool to aid in the crys tal li -
za tion of pro teins. Flu o res cent la bel ing meth ods re quire re -
moval of un bound probe prior to use of the pro tein in the
screen ing ex per i ment.  For the trace la bel ing ap proach the
pro tein is co va lently derivatized with a high quan tum yield
vis i ble wave length flu o res cent probe. The fi nal probe con -
cen tra tions are typ i cally < 0.25% of the pro tein mol e cules
la beled, which has been shown to not af fect the crys tal nu -
cle ation or dif frac tion qual ity (Forsythe et al., 2006). The
la beled pro tein is then used in a plate screen ing ex per i ment
in the usual man ner. As the most densely packed state for
the pro tein is the crys tal line form, then crys tals show un der
flu o res cent il lu mi na tion as the bright est ob jects in the well.  

Crys tals are clearly seen even when bur ied in pre cip i tate. 
This ap proach also finds ‘hid den’ leads, in the form of
bright spots, with ~30% of those lead found be ing op ti -
mized to crys tals in a sin gle pass op ti mi za tion trial.  Vis i ble 
flu o res cence also en ables se lec tion of con di tions that by -
pass in ter fer ing sub stances and greatly re duces ma te ri als
con sid er ations.   

Forsythe, E. L., Achari, A., and Pusey, M. (2006), Trace
Flu o res cent La bel ing for High-through put Crys tal log ra -
phy.  Acta Cryst. D62:339-346.  

Hands-on Practical Outline enclosed at the end of
book of abstracts on page 67.
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PU B LI CATI ON OF SCIEN TI FIC RE SULTS WITH EM PHASIS ON CRYS TAL LI ZATI ON
COM MU NI CATI ONS

Ho ward Ein spa hr

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

The dem on stra tor will be avail able (1) to con sult on all
mat ters re lated to draft ing and pub lish ing of crys tal log ra -
phy pa pers and (2) to dem on strate new web pages de signed 
to help au thors.  This can in clude ac tual ed it ing of draft
manu scripts brought by par tic i pants.  Par tic i pants who
would like help with drafts should visit the new web pages

for au thors at http://publbio.iucr.org.  If you have not reg is -
tered with the World Di rec tory of Crys tal log ra phers, which 
is re quired for ac cess, you may do so at
 http://www.iucr.org/peo ple/wdc/help/on line-ser vices.

L11 

PRO TEIN CRYS TAL LI ZA TION US ING THE GCBÓ

José A. Gavira

Laboratorio de Estudios Cristalográficos, IACT, CSIC - U.Granada, PTCS., Avd. del Conocimiento s/n,
18100 Armilla (Granada), Spain

gavi@lec.csic.es

The Granada Crys tal li za tion Box Dom ino (GCBD®) will
help us to im ple ment sev eral ex per i ments us ing the
counterdiffusion tech nique (Pro to cols 1 & 2).  In this tech -
nique the so lu tions of pro tein and pre cip i tant agent are set
to dif fuse against each other re sult ing in a spa tial-tem po ral
gra di ent of supersaturation along the length of the cap il -
lary.  Un like con ven tional tech niques, dif fer ent super satu -
ration con di tions lead ing to pro tein pre cip i ta tion,
nu cle ation and crys tal growth can be ob tained conse -
qutively in a sin gle ex per i ment [1-3].

Coun ter-dif fu sion has proved its abil ity to in crease pro -
tein crys tal qual ity and it is reg u larly used for op ti mi za tion
af ter ini tial crys tal li za tion con di tions have been found with 
other tech niques. Us ing the pre-filled GCB Dom ino® we
will test the po ten tial of the coun ter-dif fu sion tech nique for 
ini tial crys tal li za tion screen ing in cap il lar ies of 0.1 mm in -
ner di am e ter (less than 400 nl for cap il lary length of 50
mm) and op ti mi za tion in cap il lar ies of 0.2 mm. We will do
op ti mi za tion of lysozyme or thaumatin crys tals vary ing
only pro tein con cen tra tion. The ef fect of pro tein con cen tra -
tion on crys tal den sity and size should be ob served. 

Other im ple men tati on of the coun ter dif fu si on tech -
niques (crys tal li zati on in gel) and its ap pli cati ons will be
commented. 

1. Gar cia-Ruiz, J., M. Method. Enzymol. 2003, 368, 130-154.

2. Ng, J. D.; Gavira, J. A.; García-Ruiz, J. M., Jour nal of
Struc tural Bi ol ogy, 2003, 142, 218-231.

3. Otálora, F.; Gavira, J. A.; Ng, J. D.; García-Ruiz, J. M.,
Prog ress in Bio phys ics and Mo lec u lar Bi ol ogy, 2009, 101,
26-37.

Crys tal li za tion pro to cols 182 are en closed at the end of
book of ab stracts on page 65.
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LARGE VOL UME CRYS TAL GROWTH IN RE STRICTED GEOMETERY FOR NEU TRON 
CRYS TAL LOG RA PHY

Jo se ph D. Ng

De part ment of Bi o log i cal Sci ences and Lab o ra tory for Struc tural Bi ol ogy, Uni ver sity of Al a bama in Huntsville, 
Huntsville, AL 35899, USA

ngj@uah.edu     

Neu tron Macromolecular Crys tal log ra phy (NMC) is the
prev a lent method that ac cu rately de ter mines the po si tions
of hy dro gen at oms in macromolecules.  There are two ma -
jor lim it ing fac tors in de ter min ing pro tein struc ture with
neu tron dif frac tion; one is ob tain ing large crys tal vol umes
and the other is the ex tended ex per i men tal du ra tion. This
lec ture will dem on strate that crys tal liz ing hyper thermo -
philic pro teins by coun ter-dif fu sion crys tal li za tion can pro -
duce suit able pro tein crys tals for NMC.  Coun ter-dif fu sion
crys tal li za tion in re stricted ge om e try, such as in cap il lary
tubes, al lows dif fu sion to gov ern mass trans port pro cesses
so that a spa tial-tem po ral gra di ent of supersaturation is
formed along its length.  Con se quently, pro teins can crys -
tal lize in an op ti mized su per sat u rated con di tion where a
sin gle crys tal can fill up the di am e ter of the cap il lary.   We
have em ployed the same pro cess in cap il lary ves sels hav -
ing di am e ters ex ceed ing 1mm while min i miz ing the ra tio
be tween buoy ant and vis cous forces. As a re sult, pro tein
crys tals suit able for neu tron crys tal log ra phy can be grown

in this con fig u ra tion with vol umes greater than 1mm3 while 
elim i nat ing in va sive crys tal ma nip u la tion.  Us ing crys tals
grown by this method, we have un der gone neu tron dif frac -
tion anal y sis of re com bi nant pro teins from a hyperthermo -
philic archaeon.These pro teins are ex cel lent crys tal lization 
tar gets be cause of their ther mal and me chan i cal sta bil ity
and high pro pen sity to crys tal lize.  As an ini tial proof of
prin ci ple, a novel in or ganic pyrophosphatase (IPPase) was
among the first of these pro teins to be grown in large di am -
e ter cap il lar ies re sult ing in a 9mm3 vol ume crys tal. The
next gen er a tion neu tron beamlines at the Spallation Neu -
tron Source (SNS) along with an ef fec tive coun ter-dif fu -
sion crys tal li za tion pro ce dure can im prove struc tures of a
di verse range of pro teins of in ter est to the crys tal lo graphic
com mu nity. Thus the crys tal li za tion of macromolecules
can grow to vol umes never be fore achieved, po ten tially
lead ing to enor mous in creases in the num ber of neu tron
crys tal lo graphic pro tein struc tures.

E13

CON VEN TIONAL TECH NIQUES AND CRYS TAL LI ZA TION OF OWN PRO TEINS

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

Crys tal li za tion of salts and pro teins is based on the same
physico-chem i cal prin ci ples:

Su per sat u rated so lu tions are ther mo dy nam i cally un sta -
ble and aim to reach equi lib rium by the phase tran si tion and 
ex clu sion of the ex cess of the sub stance by form ing pre cip -
i tate or crys tals. The main dif fer ence be tween the crys tal li -
za tion of salts and pro teins is based on pro tein prop er ties,
namely their lim ited sta bil ity, high flex i bil ity and ten dency
to ag gre gate and de na ture. For ma tion of pro tein crys tals is
in flu enced by a large num ber of pa ram e ters which should

be op ti mized to al low form ing and sta bili sa tion of spe cific
intermolecular in ter ac tions. More over, the lim ited amounts 
of highly pu ri fied pro teins and ne ces sity of large num ber of 
crys tal li za tion ex per i ments led to de sign ing of spe cial mi -
cro-meth ods. Vapour dif fu sion us ing the hang ing or sit ting
drop, batch method us ing oils and microdialysis are the tra -
di tional and most pop u lar tech niques used in pro tein crys -
tal li za tion. These meth ods will be used for crys tal li za tion
of model and own pro teins and their ad van tages will be dis -
cussed.
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CRYS TAL OB SER VA TION, TEST ING, HAN DLING, MOUNT ING AND CRYOCOOLING

Jiøí Brynda, Petr Pachl

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

brynda@img.cas.cz

For the ob ser va tion of crys tal li za tion ex per i ments and
crys tal han dling a stereomicroscope usu ally with a po lar iz -
ing fil ter is used. Crys tal can usu ally be dis tin guished from
other mat ters in the drop let by its edges. Bi refrin gence is
also a good sign as it in di cates an ani so tropy in the ma te rial
along the view ing axis. Bi refrin gence also helps to dis tin -
guish small microcrystals or spheru lites from amor phous
pre cip i tates. Ab sence of bi refrin gence in pro tein crys tals is
a re sult of a case when a crys tal is viewed along an axis, and 
in case of cu bic space groups. 

Pro tein crys tals can be eas ily dis tin guished from salt
crys tals by stain ing with meth y lene blue or based on the
dif fer ence in me chan i cal prop er ties. Pro tein crys tals are
very sen si tive and can be eas ily crushed with a nee dle. The
pro tein con tent of the crys tal can be an a lyzed by elec tro -
pho re sis, but the fi nal test ob vi ously is the dif frac tion pat -
tern... 

Crys tals of size and qual ity (monocrystal with size of at
least 0.05mm) suit able for dif frac tion mea sure ments need
to be moved from the crys tal li za tion so lu tion and mounted
on the diffractometer. Pro tein crys tals must al ways stay in
mother li quor dur ing the whole mount ing pro cess and the
data col lec tion. For X-ray mea sure ment at room tem per a -
ture the crys tal is placed in the thin wall glass or quartz cap -
il lary sur rounded with liq uid va pors. In most cases,
how ever, the cryocooling is the method pre ferred for crys -
tal han dling, dif frac tion data col lec tion and stor age. In ad -
di tion to the ben e fits of elim i nated ra di a tion dam age and
in creased res o lu tion, the mount ing of crys tals is greatly
sim pli fied com pared to the cap il lary mount ing pro ce dure.

De pend ing on the me chan i cal prop er ties of the crys tal
fi bers, spat u las or, most widely fi ber loops are used. Us ing
the ny lon fi ber loop, pro tein crys tal is picked up by swiftly
mov ing the loop along side the crys tal from the crys tal li za -
tion mother li quor. 

The crys tal is held within the loop by a sur face ten sion
and af ter equil i bra tion in cryoprotective buffer must be
cooled to cryo genic con di tions as soon as pos si ble. A sim -
ple and of ten ef fec tive ap proach is to flash cool the crys tal
in a goniostat ni tro gen stream right on the X-ray de vice.
This tech nique has the added ad van tage in leav ing the crys -
tal in po si tion for im me di ate anal y sis and data col lec tion.
An al ter na tive method, rap idly plung ing the crys tal into a
liq uid cryogen, also of fers sev eral ad van tages. It re duces
the time be tween mount ing the crys tal and flash cool ing, it
pro duces higher cool ing rate and re sults in more even cool -
ing of both sides of loop-mounted sam ple. Crys tal flash
cooled in liq uid ni tro gen must be placed for data col lec tion
in the cold gas stream on a goniostat with out any warm ing.

Once a crys tal has been suc cess fully cooled to cryo -
genic tem per a ture it can be in prin ci ple stored for in def i nite 
time. This al lows cool ing and char ac ter iz ing crys tals on a
con ven tional source in the home lab o ra tory and then stor -
ing them un til syn chro tron time be comes avail able. Dewars 
that can be used for trans port, in clud ing ship ment by air -
plane, are avail able.

Today you can buy the Crys tal Han dling Kit from Jena
Bio sci ence (CO-150) which can help you to ac quire skills
in pro tein crys tal li za tion, crys tal mount ing and data col lec -
tion.  

H. Hope, Annu. Rev. Biophys. Chem. 19 (1990) 107.

K. D. Watenpaugh, Curr. Opin. Str. Biol. 1 (1991) 1012.

D W. Rodgers, Struc ture 2 (1994) 1135.

Warkentin et al. (2006)  J. Appl. Cryst. 39: 805.
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Crys tal Mount ing us ing MiTeGen’s MicroMou


