
CRYS TAL LI ZA TION OF MEM BRANE PRO TEINS IN MICROBATCH

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

An in creas ing num ber of mem brane pro teins in a va ri ety of
dif fer ent de ter gents have been crys tal lised in microbatch
un der oil. Some of these had failed to crys tal lise by all
meth ods other than microbatch. Dis pens ing is quick and
sim ple even when per formed man u ally and the drops in oil
do not spread out as they do in vapour dif fu sion over the
siliconised coverslips. Us ing ro bots thou sands of
microbatch tri als can be dis pensed in high through put
mode in nanolitre vol umes.  

The microbatch can be used for both screen ing and for
op ti mi sa tion of mem brane pro teins.  The pro to col for set -
ting up microbatch ex per i ments con tain ing mem brane pro -
teins is iden ti cal to that de scribed in ex er cise 2. 

Exer ci se 3:  Har vesting and moun ting crys tals 
from micro batch

Chayen N.E. (1998) Acta Cryst D54, 8-15

Har vest ing crys tals from microbatch is slightly more dif fi -
cult than har vest ing from coverslips or from stan dard sit -
ting drops. How ever af ter some prac tice it can be achieved
eas ily.

Two al ter na tive ways of har vest ing crys tals from
microbatch:

 Ma te ri als re quired
• Cryoprotectant so lu tion
• Pre cip i tate so lu tion at ~ 5 %  higher con cen tra tion

than that in the drops
• Mi cro tools (Hampton Re search)
• Stan dard pi pette
• Scal pel
• Loops
• De pres sion plates

Method

1. Add a few microlitres of cryo-protectant so lu tion to the 
     drop con tain ing the crys tals.
2. Af ter sev eral min utes check that the crys tals are not 
      cracked or dis solved by look ing at them un der the 
      mi cro scope. If they crack/dis solve, ad just the 
      con cen tra tion of cryo-protectant  or change cryo-  
      protectant.
3. Take the crys tals di rectly out of the oil us ing a loop and 
      freeze.

 If the above pro to col proves tricky, har vest in the fol low -
ing way:
1. Add har vest so lu tion (of ~5% higher con cen tra tion of 
      pre cip i tant than that in the drop) into the well 

      con tain ing the crys tals. If you have a 1 ml drop, add 

      5-10 ml of har vest so lu tion.
2. Wait a short while (up to 15 min utes) to al low the 
      crys tals to equilibrate.

3. With draw the en larged drop us ing a stan dard 10-100 ml 
         pi pette which had its tip cut off with a scal pel in or der 
      to widen its bore.
4. If the crys tals stick to the ves sel, loosen them gently 
      in side the drop us ing mi cro tools or very thin strips 
      of fil ter pa per (the edge of the strip that will touch 
      thecrystal is best torn rather than ‘cleanly’ cut with   
      scis sors).
5. Trans fer the drop into a de pres sion well con tain ing 
      more har vest so lu tion.
6. From this stage on wards, han dle the crys tals as you 
      would be from a stan dard dif fu sion trial.

Exer ci se 4:  Con ta i ner less crys tal li zati on

Chayen N.E. (1996) Pro tein En gi neer ing 9, 927-929.
Chayen N.E. and Saridakis E. (2002) Lead Ar ti cle 

                            Acta Cryst. D. 58, 921-927.

Pur pose of this ex per i ment:  (1) to aid har vest ing (2) to
re duce the amount of nu cle ation in a trial by elim i nat ing the 
ef fects of sur face con tact be tween the crys tal li za tion trial
and its sup port ing ves sel.      

Ma te ri als re quired
• “Gelled Sur face”  kit  from Mo lec u lar Di men sions, UK 

(fig ure c)
• Par af fin oil
• Lysozyme 40 mg/ml in Na ac e tate, pH 4.7, 12% NaCl 

from the pre vi ous ex per i ments

Pro ce dure
• Pi pette the par af fin oil into the wells of the Gelled-Sur -

face plate.
• Pre pare the pro tein/pre cip i tant drops as de scribed for

microbatch ex per i ments.
• In sert the pi pette tip into the well, un der the sur face of

the par af fin oil, and dis pense the drop.

• Ex per i ment with dif fer ent size drops e.g. 1-20 ml.

You can also try dis pens ing a drop un der oil (fig ure a) and
com pare with a drop dis pend ed be tween two oils of dif fer -
ent den si ties (Fig ure b).

Try the method us ing your prob lem pro teins that are
giv ing you many small un us able crys tals.
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Exer ci se 5:  Fil trati on ex pe ri ments

Chayen N.E., Saridakis E., Sear, R.P. (2006).  PNAS  

    103: 597-601

 Pur pose of this ex per i ment:  Fil tra tion will re move par ti -
cles (dust, pro tein ag gre gates, fungi, bac te ria, etc) and thus
re duce the amount of nu cle ation in the tri als lead ing to the
growth of fewer larger crys tals.

Ma te ri als re quired:
• Cen trif u gal fil ters: 0.2 µm 0.1µm
• http://www.milipore.com/cat a logue/item/ufc30vv25   

or 
• http://www.millipore.com/cat a -

logue/item/ufc30vv00
• Bench cen tri fuge.
• 40 mg/ml lysozyme stock 
• 12% NaCl

Pro ce dure:  
1.  Mix 150 ml of lysozyme at 40 mg/ml with 150 ml 
       pre cip i tant (12% NaCl in 10 mM ac e tate buffer pH 4.7) 
     in a micro cen tri fuge tube.  

2.  Di vide the mix ture into 3 aliquots of 100 ml each:
(a)  leave one aliquot un fil tered 
(b) fil ter the sec ond aliquot through a 0.22 µm fil ter
(c) fil ter the third aliquot through a 0.1 µm  fil ter 
Fil tra tion is per formed by plac ing the fil ters in a 

      bench cen tri fuge at 2-9 g for 1 – 2 min utes. 
3. Dis pense drop lets of each aliquot for crys tal li za tion 
      un der the oil. 

 
Ex pected re sults: 

You will get a num ber of crys tals in the un fil tered so lu tion,
a smaller num ber of larger crys tals in the so lu tion which
was fil tered with a 0.22µm fil ter, and very few or no crys -
tals at all in the so lu tion which was fil tered through the 0.1
µm  fil ter.  

Warn ing:
• You need to fil ter a min i mum of 40 µL in or der not to

lose any pro tein.

• Do not use the fil tra tion method if your pro tein is
sticky 

Exer ci se 6:  Im pro ving crys tal qua li ty by se -
pa ra ting nucle ati on and growth in han ging
drops (not using oils!)

Saridakis, E. and Chayen, N.E. (2003) Biophys J. 84,
1218-1222.
Chayen, N.E. (2004)   Cur rent Opin ion in Struc tural Bi -
ol ogy  14, 577-583.
Chayen, N.E. (2005) Prog ress in Bio phys ics and Mo lec -
u lar Bi ol ogy 88, 329-337.

This is a method to get nu cle ation “go ing” and then “back 
off” be fore the nu cle ation be comes ex ces sive. It can be
used for op ti mi sa tion when small use less crys tals are

formed, and im prove ment can not be ob tained nei ther by
fine-tun ing the con cen tra tions of the pro tein and pre cip i tat -
ing agents nor by ad di tion of ad di tives.  In prac tice,
cover-slips hold ing the drops are in cu bated for some time
over res er voir so lu tions that nor mally give many small
crys tals and af ter given times the cover-slips are trans -
ferred over res er voirs with lower pre cip i tant con cen tra -
tions that would nor mally yield clear drops. This method
can also be used for screen ing.

Ex am ple for op ti mi sa tion:

Ma te ri als needed:
Trypsin from por cine pan creas(Sigma cat a logue no:
T-0134)dis solved in de-ionisd wa ter at a con cen tra tion of
40 mg/ml.

1 M Tris pH 8.4 
3M am mo nium sul phate 
Min eral oil (vis cos ity of ~5) to put round the edge of the
Linbro plates for seal ing the cover-slips (not the thick Vas -
e line usu ally ap plied as a seal). 
Stan dard Linbro plates or pre greased plates and siliconised 
cover-slips or EasyXtal Tools (From Qiagen).
Pas teur pi pette with rub ber squeezer or plas tic squeezer pi -
pettes.

Pro ce dure: 
1) Set up 6 tri als un der con di tions that would give you low
qual ity crys tals, in this ex am ple it is res er voir so lu tions
con tain ing 1.7M am mo nium sul phate and 0.1M Tris pH
8.4. Dis pense those into 6 wells of a plate.  

2) Pre pare 6 res er voirs with so lu tions con tain ing pre cip i -
tant con cen tra tion that would re sult in pro duc ing a clear
drop if crys tal li za tion drops were set up and left to in cu bate
un der these con di tions. In this ex am ple it is res er voir so lu -
tions con tain ing 1.3M am mo nium sul phate and 0.1M Tris
pH 8.4. Dis pense those into 6 wells of an other row in the
same plate. 
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 3) Set up hang ing drops by tak ing equal vol umes (rec om -
mended 1 microlitre + 1 microlitre) of the 40mg/ml pro tein
so lu tion and mix ing it with the well so lu tions con tain ing
the 1.7 M am mo nium sul phate.

4) Af ter 2 hours trans fer one of the cover-slips from over
the wells con tain ing the 1.7M am mo nium sul phate and just
place it over one of the wells which con tain 1.3M am mo -
nium Sul phate (Fig ure). The trans fer should only take 1-2
sec onds.

5) Re peat the same with the other drops af ter 3, 4 and 6
hours.

6) Leave 2 drops at the high con cen tra tion (1.7M) as con -
trols

7) set two drops at the low con cen tra tion (1.3M) as con -
trols.

8) Ob serve the re sults each day for two weeks.

Ex pected re sults:

The drops which are left over the res er voirs con tain ing 1.7
M ammonum sul phate will have clus ters of crys tals over -
night.  The drops hung over the 1.3M should be clear. The
drops trans ferred af ter 4 or 6 hours should pro duce large
sin gle crys tals af ter 8-14 days.

Tip:  The time of trans fer is se lected by ref er ence to the
time in which it took to see the first crys tals in the tri als pro -
duc ing the poor crys tals. In the case of trypsin, crys tals ap -
peared within 24 hours mean ing that nu cle ation would
have oc curred any time be tween set up of the ex per i ments
to sev eral hours be fore the crys tals ap peared. Hence trans -
fer was done at in ter vals of 2 hours af ter set up. Tri als that
are trans ferred too soon will pro duce clear drops while
those that are trans ferred too late will yield low qual ity
crys tals. In cases of other pro teins where crys tals take a few 
days to ap pear, the trans fers should be per formed at lon ger
time in ter vals e.g. ev ery 12 hours or so.

For screen ing:

3D struc ture screen by (Mo lec u lar Di men sions, UK,
MD1-13)

 This screen con sists of two sets of so lu tions:  24 con -
tain sparse ma trix screen ing con di tions; the other 24 are a
70% di lu tion of the precipitants in those so lu tions (buffer
and ad di tive con cen tra tions re main the same). Us ing this
screen, the hang ing drops are first in cu bated for 3-6h over
the so lu tions at high con cen tra tions. The cover-slips hold -
ing the drops are then trans ferred over the res er voirs at
70% di lu tion.  

Exer ci se 7: What to do when you get no crys -
tals?

Khurshid, S., Govada, L. and Chayen, N.E. (2007) 
     Crys tal Growth & De sign 7, 2171-2175.

This is a screen ing tech nique used in vapour dif fu sion
hang ing drops when tri als re main per sis tently clear. 

Ma te ri als re quired:

1. EasyXtal Tools Made by Qiagen
2. Screens of your choice
3. Your pro tein so lu tion

1. Set up your screen ing as you would nor mally do 
 2.  Loosen the screw caps of drops that re mained clear af ter 
2 weeks by 90°  (see di a gram). The an gle of cap al lows
vari able amounts of evap o ra tion with out ex pos ing the
drops
3. Ob serve the drops ev ery 2 hours in the first day and
re-seal the caps when the drops vis i bly shrink.

Ex pected re sults:

By loos en ing the cap you are al low ing evap o ra tion for a 
lim ited time. What you are ef fec tively do ing is in duc ing
nu cle ation which you then ar rest when re-seal ing. This will 
drive the sys tem into supersaturation and hope fully give
you a hit which you can then pro ceed to op ti mise us ing the
tech nique of your choice.
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The method can also be used for op ti mi za tion as de -
scribed in Govada, L. and Chayen, N.E.  (2009) Crys tal
Growth & De sign 9, 1729-1732.

IN TRO DUC ING NUCLEANTS INTO CRYS TAL LI ZA TION TRI ALS

Chayen N.E., Saridakis E., Sear, R.P. (2006)  PNAS 103, 597-601
Saridakis, E. and Chayen, N.E. (2009) Trends in Bio tech nol ogy 27, 99-106

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

First, de ter mine the metastable zone as fol lows:
1. Note the con di tions in a ‘hit’ of a screen that have

yielded poor crys tals or a
crys tal line pre cip i tate.
2. Dis pense (man u ally or by a ro bot) 10-24 tri als us ing

a crys tal li za tion method of your choice, vary ing the pro tein 
and pre cip i tant con cen tra tions in steps (as in structed in
point 3 be low) on a ma trix grid. 

3. The con cen tra tions of pro tein and pre cip i tat ing
agents should be above and be low

the con cen tra tions that gave the con di tions of the hit.
Al ter na tively the pH,

tem per a ture, or an other pa ram e ter to which sol u bil ity is 
sen si tive can be var ied.

4.  Plot the re sults and you will ob tain the supersolubilty 
curve. e.g. di a gram be low.:For ex am ple, if a screen pro -
duced ‘hits’ at con di tions of 10-22 mg/ml of pro tein and
1-1.5 M Am mo nium sul phate, the ex per i ments are set at
con cen tra tions rang ing from 5-25 mg/ml pro tein ver sus
0.5-2.2 M am mo nium sul phate, thus cov er ing a range of
con di tions above and be low the ‘hits. The area just be low
the curve is the metastable zone. X rep re sent con di tions ob -
tained from screen ing ‘hits’, giv ing low qual ity crys tals or
crys tal line pre cip i tate. D rep re sent clear drops;  p rep re -
sent pre cip i tate.

In sert your nucleant at con di tions just be low the curve
(where the heads of the ar rows are point ing) us ing fine
tweez ers and let the trial in cu bate as you would nor mally
do.

Nucleant are used mostly for op ti mi za tion but can also
be used for screen ing. When nucleants are placed in su per -
sat u rated con di tions, crys tals will usu ally ap pear faster.

Ref er ences on crys tal li za tion meth ods in microbatch
and vapour dif fu sion (and some in microgravity) 
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