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Sparse matrix sampling: a screening method for crystallization of proteins
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Abstract. A set of screening conditions for initial ex-
periments in protcin crystallization has been developed,
tested, and is herein presenicd. These solution and precip-
itant conditions are empirically derived based on known
or published crystallization conditions of various proteins
in the past, so as to sample as large a range of buffer,
pH, additive and precipitant variables as possible, using
small amounts of proteins. The 50 crystallization condi-
tions have been tested on 15 previously crystallized pro-
ieins, all of which were also crysiallized in at lcast one
form by this screen. This method is also shown to be
highly successful in the crystallization of proteins which
had not previously been crysiallized.

Introduction. The most critical step in determining the
three-dimensional structure of proteins by the single-
crystal X-ray diffraction method is obtaining large single
crystais suitable for diffraction studies. Optimal conditions
of crystal growth for biological macromolecules in general
are very difficult to predict a priori. Since the number of
variables affecting crystallization, such as concentration,
temperature, pH, ionic strength, specific additives and pre-
cipitants, is large and combinatorial, the 1otal number of
possible solution conditions to be tested is so great as
to prohibit an exhaustive search (McPherson, 1982), One
approach to overcome this problem is initially 10 use the
incomplete factorial method of Carter & Carter (1979),
in which a very coarse matrix of crystallization condi-
tions is explored and the results analyzed to build finer
grids around deduced and projected conditions of the ini-
tia} incomplete factorial. During our experimentation with
this method, we realized that we can further minimize
the amount of proteins needed fq the initial screen

e have chosen three usual
of parameters as major variahles: pH and buffer materials,
additives and precipitating agents. For the pH and buffer
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Table 1. Crystallization matrix parameters

Procipiuting agents

Non-
volatils Salts Voelatle Mixture
MPD N, K wsiruts 2-Propans! NI sulfus +
"PRO

PEG 400  NH4 phosphals 2.Propano} + PEQ
PBO 4000  NHy milfate
PEQ 8000  Na sceunte

L3 sulfete

Na formais

Nn, K

phosphate

Na citrate

Mg formate

pii range: 4.6, 5.6, 6.5, 7.5, 8.5

Salts, additives: Ca chloride, Na citrate, Mg chioride, NHy aceime, NIt
sulfats, Mg acouste, Zn acetste, Ca soetats

varigbles, we have chosen five different pH's: 4.6, 5.6,
6.5. 1.5, 8.5, and for each pH value we have chosen the
buffer cheamical that has proven to be suitable for protein
crystailization in the past. The choice of additives was also
based on the past experiences of many laboratories. For
the precipltaling agent we chose four types: 2-propanol
as a volatile agent, 2-methyl-2,4-pentanediol (MPD) and
polyethylenc glycol (PEG) as nonvolatile agents, various
salting out agonts, and mixtures of the above. These are
listed in Table 1. '

By irial and error the resulting multidimensional heavily
biased sparse matrix of screening conditions was further
simplified by deleting conditions comesponding to many
of the matrix elements that can be partially represenied
by the resulis of other conditlons. The final sparse matrix
containg 50 conditions listed in Table 2.

Our experience is that once approximate crystallization
conditions are found, it is relatively easy to optimize the
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Table 2. Reservoir solutions

No. Salt Buffe Procipitamt
(1) 0.02M Cachloride 0.1 M Aostate 3% MPD
@) 04 MNs, X
utrate
o™ 04 M NH,
phosphue
() 0.1 M Tris 2.0 M NH, sulfawe
3) 02 M N cme 0.1 M Hepee 40% MFD
() 02MMgchioride 0.1 MTra 30% PFEO 4 X
] 0.1 M Cocodylate 1.4 M Na scetais
@) 0.2 M Nacitaie 0.1 M Cacodylate  30% 2:-Propanocl
%)  02M N, scmaie 0.] M Citrate 3% PEBO4 X
(t0) 02 M NiL sosmte 0.1 M Acstais 30% FEQ 4 K
{11} 0.1 M Cirrme 1.0 M NH,
(12) 02M Mgchiorids 0.1 M Heps 30% 1-Propancl
(13) 02 M MNacdlnnle 0.1 M Tyis 0% PRG 400
(14) 0.2 M Cachloride 01 M Hopm 2% FEO 400
(1% 02ZMNH sulfuz 0.1 M Cacodylse 3% PEC L K
e 0.1 M Hepes 1.5 M Li sulfate
07 02 M Li milfate 0.0 M Trix 3% PEG 4 X
{5 02 M Mpaceixe 0.1 M Cagodynis 20% PRQO B K
{19) 02 M NlLiscoumie 0. M Tris 0% 2. |
(20) 02 M NHymilsie 0. M Acetaie 23% PRO4 K
(1) O02M Mgasuis 01 M Cacodylas  30% MPD
22) 02N Nawowse 00 M Tris MR PEG 4 K
(23) 02 M Mg chloride 0.1 M Mepes 3% PEQ +00
(24) 02 M Cachioride 0.1 M Acowir 20% 2-Propanol
(25} 0.1 M Imidascls 1.0 M Ne acetare
(26) 02 M NHqacame (.} M Citrats 0% MPD
7 0.2 M Nacheme 0.1 M Hopss 20% 1.Propmal
8 0.2 M Ns scsais 0.1 M Cooodylaic 3% PEG I K
9 0.1 M Hepes OX M No, K
arireie
(30) 02 M NH, wilfsta 0% PEG LK
Gl 0.2 M NHy sulfare 0% PO 4 K
QA 20 M NI, nuthe
P 4.0 M Na formale
Qd) 0.1 M Acstate 20 M Na formate
15) 0.1 M Hepe 1.6 M N, K
phosphatc
(36) 0.) M Ths IRPEOS K
a7 0.1 M Acstate M PEC4 X
an) 0.1 M Hepes 1.4 M Nu citrais
0% 0.1 M Hepos 2% PEG 400,
2.0 M NIL, sulfawe
(40) 0.1 M Ciysie 0% 2:-Propanal +
1% PEG4 K
(C3)) 0.1 M Hepss 10% 2-Propano] +
20% PEOQ 4 K
42) 0OSNK 208 PHOS K
phosphate
“y 3% PEG 1500
(44) 0.2 M My formau
(A5} 02 M In soswsie 0.1 M Cacodylac 18% PEG 8 K
(48) 0.2 M Ca acstate a1 M Cacodylale 1% PRQ 3 K
" 01 M Acsare 20 M NHa sullne
(4B) 0.1 M Tris 2.0 M NH¢ aulfaw
%) 10N Li sifale % PEG LK
(50) 1.0.M Li mifets 15% PEG S X

Abbreviations: Tris, 2-amino-2-{hydroxymethyl)- 1,3-propanediol; Hepes,
&(2.hydroxyethyl)- 1-pipsrazinesthanesulfonic acid. Bullers: Na acetate
buffer pH=d.6, Na citrate buffer pHnS.6, Na cacodylaie bulfer plix6.5,
Nt Hepes buffer pHx?,5, Tris. HCl buffer pHag.5. % i defined &s per-
cent by mans.

condition(s) and to finally arrive at the point of obtaining
single crystals suitable for the crystallographic smdies.
Since we, as well as several other laboratories, have had
a substantially higher rate of success with this approach
than with more systematic approaches used in the past, we

would like 10 share our experience with others,
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Table 3. Proteins that have been previously crystaliized

All the proteint wers obtained oommerclally (except those marked with
*) and used without further purificstion. Natural cofaciors were prosent
whenever necded.

Cryntal size
(Iargest
) Crysullization  dimension)
Protein {source), M, (Da) tonditions (mm)

Lyzozyms (chicken ogg whii, 913,18, 28, 10
Sigme), 14 400 12

Mm" :(ll.ibh (spertn whals, Sigma), 1,5, 13 08

Tryptin (bovine pancress, 1ype 3, 3% 1}
Sigma), 24 000

l-:l;ﬂohh (horse blopd, Sigma), 4,29, % 1.0
Pepein (porcine somach mucosa. 2628 0.3
Sigma), 35 000

Ribonuclesse A (bovine pancreas), 611,108 o7
13 200

Cataiasn (bovine liver, Bipma), 14,15, 22, 1, 0.t
247 500 30

Papain (papeyas latex, Sigma), 2,6, 4 10
23 000

l:;nolti)n (porcine pancreas, Sigma), 13,26 0.6

Thrombin (bovine pladrma, Sigma), i1, 32 0.5
33 500

Ribonuoloass B (bovine pancreay, 17,22, , 07
Sigma), 13 000

Tropomyoain (chicken muscie, 4,238 0.5
Sigma), 36 000

Tropomyosin (rabbit muscle), 4,32, 3¢ 0.7
37 000

Ubigquilin (bovine red blood cells, 62V 04
Sigma), 1500

BeoR] smdonucleaze,* 3] 000 14, 18, M 03

EeoRI-DNA (GAATTC) complex,® 4,15 ' 1.0
33 000

Monellin (Sigma), 10 500 4, 14,19, 2 1.5

We have tesied 1S previously crystallized protcins
(Table 3) using this technique, and we have found each
of them crysuallized from several differcnt conditions in
our matrix, one of which being the same or similar to the
reported crysiallization condition. We have also uscd this
method on many protcins which have not previously been
crystallized, and our rate of success is quite high. Proteing

hich & failed i ing this technique §

1IQUC NAV

¢ focusing.
This type of screening approach is simple and practical for
finding initial crystallization conditions of protcins when
the amount is so limited that more comprehensive screen-
ing methods arc impossible or impractical.

Material and methods. After preparing 50 different solu-
tions, cach containing the appropriate additive, buffer and
precipitant as indicated in Table 2, we use the hanging-
drop method |sce, for example, McPherson (1976)) w0
screen for protein crystallization conditions. This method
involves suspending 2-4 (! droplets over a 0.7 mi reser-
voir. The droplet contains 1-2 | of aqueous prowin so-
lution and 1-2 ! of the reservolr solution. We found that
vorgbl i ein for initj
10 mg ml!. The concentration of the pre-

cinitant in the reservoir is twice that in the dmnles nivine
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hydration of the droplet or precipitation of the protein.
All of the solutions are made with doubly distilled water
and arc passed through 0.45 um millipore filters. Crys-
tallization experimems were donc in Linbro plastic plates
(Linbro model 76-033-05) originaily designed for cell cul-
ture, covered with 22 x 22 mm cover slips which have
been siticonized with 1% Prosil-28 (PCR Inc., Gainscviile,

Florida). Two seis of experiments are prepared simuliane-
rature at 27

The droplets are carefully examined under a siercoscopic
microscope cvery day during the first several weeks and
then on a monthly basis. Quite often the initial crystals
are very small, and therefore it is essential to examine
cach drop very carefully, scanning the focal plane of the
microscope at all levels of the droplet.

Results and discussion. Rcsulls of this crysallization
method are shown in Tablcs 3 and 4. Table 3 illustrates that
100% of the proteins which have been previously crysial-
lized were also crystallized under many different condi-
tions using our mcthod, We have also had high rates of
success in crysuallization of new protcins (Table 4), Our re-
sults indicatc that when we aro able to crystallize protcing
using this method, they usually crystallize in several dif-
ferent conditions and, in many cascs, are polymorphic. Of
the conditions in which inilial crystailization is obscrved,
onc form is usually favored by siz¢ or morphology for
optimization,

The main advantage of this mcthod is that we can
quickly test wide ranges in pH, salts and precipitants using
a relatively smalt amount of sampic. The initial screening
of 50 widely varying conditions rcquires approximately
1-2 mg of protein, Furthermore, because the same condi-
tions are used for initial screening of all protein samples,
this approach is well suited for automation, We intend 1o
continuously updatc and improve the conditions of the test
matrix as the results of crysiallization of new proteins be-
come. available, Any data or information in this respect
would bg greatly appreciated.

The aulhm's are especially appreciative of the contri-
butions of Dr ﬂmos Hatada in the initial planning and
testing of crysiallization conditions and for his continuing
advice. This'work was supported by granis from National
Institute of Health (CA45593, DC45593) and Department
of Encrgy (contract No. DE-AC03-76SF00098).
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None of the proteing listed are commercially otmained.

Crysial size
. (largent
Crysisllization dlmmuon)
Protcin, M, (Da), cofactor conditions (mm)
Thawmnatin, 21 000 2, 14,15, 28, LS
kX
Alloptiycocyanin, 16 000 T 1% 13, 16, 0.2
19, 28
Phywochrome, 134 000 - -
EcoRl methylase, 39 000 — —_
Bpidermal growth factor, 5800 - —
Forric upuke regulsior protein - —
fragment, 17 000
¢-l-rus protein (Gly 12), 21 000, 12 0.7
abp
c-i-ras praicin (Vel 12), 21 000, 12 0.4
GDhP
¢-H-ras protin (Leu 613, 21 000, 12 0.7
cop
c-1{-ras prowcin (Gly 12, 1-17}), 6, 13 15
19 000, GLP
c-ll-rus prowein (Val 12, 1 171), 4 11 1.5
19 000, GDP
c-){-ras peotein (Leu &1, 1-171), 6, 13 1.5
19 000, ODP
e-ll-mn prowgin (Gly 12,1 1), 18, 28 1.5
1% 000, GLFCP
cidl-ras protoin (Vel 12, 1-171), 18, 28 1.0
19 000, GDIPCP
Single-chwin monellin 1, 9 300 15, 3% 0.7
Single-chain monellin 4, 9500 4, 15,19, 22, 03
29
Single-chain mwnallin 5, 9300 9, 30,31, 32, 04
-
Single-chain munellin 6, 9500 — —
Singlo-chain monellin 7, 9500 14, 19, 30 0.2
Single-chain monellin 12, 9800 - -
Formylwushydrufolsis synthetase, . 1.,28 0.1
230 000
Tumor nocrosis factor, 17 000 10, 14, 20, 26, 1.2
%
Human M.CSE, tuncated, M 000 9. 10, t4, 15, 1.5
b )
Bacwriothodopsin, 27 000 2 0.1
Mestullathionein {vwman), 6500, Zn 6, 12, 19 01
Meihallothionein (human), 6300, Cd 6, 24 0.1
Methallothionein (horso kidney), 1M 07
6500, Cd
“Tar' recopior, periplasmic domsin, 29 02
22 000
His § protcin, 26 127 3 1.0
Lao (Lys-Arg-Om) blinding proteln, 28 1.2
26 000
Lao prowin--Arg complea, 26 000 2 19
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