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SEED ING LAB EX ER CISES

Terese Bergfors
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Ref er ence:
For a re view ar ti cle on seed ing, see:  Bergfors, T. “Seeds to
Crys tals” J. Struc tural Biol. 2003, vol. 142, 66-76.

1.  What is se e ding?

The use of an ex ist ing nu cleus (usu ally a small crys tal or
crys tal frag ment), in tro duced into a new drop, where it acts
as a growth site.

2.  Why seed?

• To sep a rate nu cle ation from growth and by pass the
need for spon ta ne ous nu cle ation.  It is eas ier to add
onto an al ready ex ist ing nu cleus than cre ate one de
novo.  See Fig. 1.  Seed ing and the phase di a gram.

• Im prove the size of the crys tals or con trol the num ber 
of crys tals

• Get more con sis tent re sults when crys tals don’t al -
ways ap pear in known con di tions

• Speed up re sults if spon ta ne ous nu cle ation is slow 

• To ob tain a wider range of crys tal forms (poly -
morphs) by seed ing into to tally dif fer ent precipitants

3.  What are the types of se e ding?

• Macroseeding is the trans fer of a sin gle, pre-grown,
washed crys tal.  

• Microseeding is the trans fer of mi cro scopic crys tals, 
crushed up into frag ments.  

• Streak seed ing is a form of microseeding that trans -
fers the microseeds by a strok ing mo tion with a whis -
ker or hair of some sort.  See Fig. 2.  Streak seed ing.
Can be used on its own or in com bi na tion with
microseeds in a di lu tion se ries. 

• Jab seed ing is an other vari a tion on microseeding
where the new drop is “innoculated” with a sin gle jab 
of the seed trans fer tool. 

• Ma trix microseeding is when microseeds are
placed into a screen of con di tions to tally un re lated to

the ones where the seed crys tals orig i nated.
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Fig ure 1:.  Seed ing and the phase di a gram.  From Luft and DeTitta, Acta
Cryst. (1999) D55, 988-993.

Fig ure 2:  Streak seed ing from Enrico Stura,  Pub -
lished in “Crys tal li za tion of Nu cleic Ac ids and Pro -
teins” Ed ited by Ducruix and Giege, 1992, Ox ford
Uni ver sity Press.



Ex per i ment 1: In stant streak seed ing
Ref er ence:  This ex er cise has been adapted from Enrico
Stura’s chap ter “Seed ing” in Pro tein Crys tal li za tion: 
Strat e gies, Tech niques, and Tips ed ited by T. Bergfors
1999 In ter na tional Uni ver sity Line, La Jolla Ca.

Pur pose of this ex per i ment:
1. To learn how to gen er ate new seeds by the easy, fast,
and sim ple method of streak seed ing.
2. To ob serve the ef fects of de creas ing pro tein con cen tra -
tion on the nu cle ation rate.

Ma te ri als needed:
• a crys tal wand —- avail able from Hampton Re search

(HR8-133) or you can make your own from a cat whis -
ker, hu man hair or horse tail hair, super glue or wax to
af fix the whis ker to a yel low pi pette tip, and a ra zor
blade to cut the whis ker.  

• lysozyme 100 mg/ml stock so lu tion.
• A di lu tion se ries of lysozyme at 80, 60, 40 and 20 mg/ml

(al ready pre pared for you.)  
• 30% poly eth yl ene gly col (PEG) 5000 or 6000 in 1 M

NaCl, 50 mM Na ac e tate, pH 4.7 = the pre cip i tant
(ready-mixed for you to day).

• A sur face for mak ing the drops, e.g., a Petri dish lid, 
cover slip, etc.

Method:
1. On the Petri dish lid, pi pette 10 ul of lysozyme (100

mg/ml). Now add an equal vol ume (i.e., 10 ml) of the pre -
cip i tant (= 30% PEG 6000 in 1M NaCl, 50 mM Na ac e tate,
pH 4.7).
2. Watch the drop un der the mi cro scope. The first thing
you should see is a phase sep a ra tion.  Af ter that, the  crys -
tals should nu cle ate in 5-15 min utes. The fresher the
lysozyme the lon ger time it will take to nu cle ate, so the
time will vary.   It can take some prac tice to rec og nize the
nu cle ation in its ini tial stages.  Note: If the pro tein pre cip i -
tates im me di ately, the pro tein con cen tra tion is too high. 
Redo with a slightly lower pro tein con cen tra tion; try 80
mg/ml. 
3. Once the par ent crys tals have formed in the drop with
100 mg/ml, you can set  up the 10 ul drops of lysozyme at
80, 60, 40, and 20 mg/ml on the in side of a  Petri dish lid.

4. Add 10 ul of the pre cip i tant to each of these 4 new
drops and stir.  Im por tant!  These drops also need pre cip -
i tant, not just pro tein, or the ex per i ment does not work. 
Stu dents of ten for get this step.
5. Now you can trans fer the nu clei (from the par ent drop)
by streak seed ing.  Dip the seed ing wand once into the drop
of par ent crys tals to pick up the seeds, then streak the wand
across the four new drops. You do not need to re-dip the
wand into the par ent drop for each new drop.   

What to look for or think about:  
• See if you can get the crys tals to grow along a streak

line.  Be cause of the high pro tein con cen tra tions you
will also get spon ta ne ous nu cle ation but many crys -
tals will form pref er en tially along the streak line. The 
crys tals will be ex tremely small be cause they grow
so rap idly.  In this ex per i ment the pro to col has been
op ti mized for speed, rather than crys tal size.

1. The pur pose of this ex per i ment is to dem on strate the
method and the prin ci ples.  In the next ex per i ments, a more
re fined ver sion will be pre sented.
2. Re cover the 20 microliter drop of 100 mg/ml lysozyme
(the par ent drop). Place the 20 microliters (or as much as
you can re cover) into an eppendorf tube and fill to about 50
microliters with the pre cip i tant (30% peg, etc). This will be
your Seed Stock in the next ex per i ment.

Ex pe ri ment 2: Com pa ring the ef fects of ad -
ding dif fe rent amounts of se eds. The fast and
dir ty version

Pur pose of this ex per i ment:
• To il lus trate the ef fect of add ing dif fer ent amounts of

seeds.  
• To il lus trate a very fast and easy way of cre at ing a di -

lu tion se ries of seeds.

In con trast to ex per i ment 1 above, this ex per i ment will be
al lowed to equilibrate over night to per mit slower growth of 
the crys tals af ter seeds are added.Three rows of iden ti cal
drops will be pre pared. Seeds will be added by ei ther jab -
bing the drops or streak seed ing them.  These drops will be
com pared to a con trol where no seeds have been added.  An 
en tire row of drops will be seeded se quen tially to cre ate a
di lu tion of the seeds. Thus, the first drop will have the most
seeds and the last drop in that row will have the least.

Ma te ri als re quired:
1.  one Petri dishe (the large size)
2.  5 ml of 12% NaCl in 50-100 mM so dium ac e tate buffer, 
     pH 4.7
3. 100 microliters of 20 mg/ml lysozyme, dis solved in 
     wa ter
5.  a seed ing wand (you can use the same one from the 
     pre vi ous ex per i ment.)
6.  two eppendorf tubes
7. seed stock, cre ated with the microcrystals grown in the
pre vi ous ex per i ment. 
Col lect the par ent seed crys tals (grown in the drop of 100
mg/ml plus pre cip i tant). Top up the so lu tion with pre cip i -
tant so that you have a seed stock of about 50 microliters.

Ó Krystalografická spoleènost

c50    Pro tein crys tal li za tion course - Manuals Ma te ri als Struc ture, vol. 17, no. 3a (2010)

100 mg/ml



Method:
• In an eppendorf tube, mix 20 microliters of the stock 

so lu tion oflysozyme (100 mg/ml) with 80 microliters of
wa ter = 20 mg/ml lysozyme

• Now add 100 microliters of 12% NaCl in 50-100 mM so -
dium ac e tate buffer, pH 4.7= 200 microliters of  READY 
MIXTURE A (pro tein + pre cip i tant). This is enough for
both Ex per i ments 2 and 3.

• Into the Petri dish, pour ap prox i mately 5 ml of the buf -
fered 12% NaCl so lu tion in the res er voir (bot tom of the
plate).

• Us ing READY MIXTURE A, pi pette 3 rows of 6 iden ti -
cal drops each onto the lid of the Petri dish = a to tal of 18
drops. Each drop will con tain 5 microliters.  (This uses
90 microliters; the re main der will be for the next ex per i -
ment.) 

• Row 1 will be the con trol = no seed ing.
• Row 2 will be jab seeded.  Us ing the seed trans fer tool,

dip or stir it into your seed stock (from the pre vi ous ex -
per i ment) to pick up seeds.

• Now jab all the drops in row 2 with the seed trans fer tool. 
To do so, barely touch the out er most edge of the drop
with the tool = a quick jab.  Rinse the tool in the res er voir 
so lu tion be tween each jab. This will di lute the num ber of 
seeds at tached to the seed trans fer tool, thereby cre at ing
in a fast way a di lu tion se ries of the seeds.

• Row 3 will be streak seeded.  Rinse the seed trans fer tool 
thor oughly and wipe it off with a tis sue.  Dip or stir it into 
the seed stock to pick up a new batch of seeds.

• Now streak seed the drops in row 3 with the seed trans fer 
tool.  Rinse the tool in the res er voir so lu tion be tween
each streak to cre ate a di lu tion se ries of the seeds.

• In vert the lids of the Petri dishes over the res er voir and
seal with Parafilm.  

• Wait 24 hours to ob serve the re sults.

Ex pected re sults:
• Af ter 24 hours, you prob a bly will see sea ur chin-type

crys tals in the con trol row
• The rows with jab seed ing and streak seed ing will give

dif fer ent ef fects.  Jab seed ing works best if the drop is
very large, be cause there is a di lu tion ef fect across the
sur face of the drop.  The drops here are only 5
microliters.  Once back home, try the ef fect on large sit -
ting drops (40 microliters) to make the ef fect more pro -
nounced.

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 17,  no. 3a (2010) Pro tein crys tal li za tion course -  Manuals     c51

 

 
 

control row 

jab seed 

streak seed 

Petri dish for ex per i ment 2.

Fig ure 3. Com par i son of drops that have been se ri ally seeded in two dif fer ent man ners.  These re sults were pho to graphed 48
hours af ter setup.  Row 1 is a con trol and has not been seeded.  The lysozyme crys tal lizes in the form of sea ur chins or spheru lites. Row
2 has been jab seeded. The seed trans fer tool, innoculated with seeds, was jabbed into the cen ter of the drops.  Row 3 has been streak
seeded. No tice that crys tals tend to form along the seed line, but there is much spon ta ne ous nu cle ation even out side the streak line in
the first drops. How ever, the fi nal drop in the row (drop 5 in the se ries) has nice, large crys tals. This ef fect was achieved be cause the
num ber of seeds added to the drop was di luted by pass ing the seed trans fer tool through the first drops in the row.



• Jab and streak seed ing sev eral drops in a row (se rial
seed ing) is a fast and easy way of mak ing a di lu tion se -
ries of seeds in the new drops.  The drops seeded last (by
ei ther method) should show the least num ber of crys tals
com pared to the first drops in the row.  See an ex am ple
in Fig ure 3 with a se ries of 5 drops. (Note that you have 
made a se ries of six drops al though the fig ure shows 5
drops.)

Ex pe ri ment 3.  Com pa ring the ef fects of ad -
ding dif fe rent amounts of se eds af ter ma king a 
di lu ti on se ries of them.

Ma te ri als re quired:
1. two Petri dishes (the large size).
2. 5 ml of 12% NaCl in 50-100 mM so dium ac e tate buffer, 
    pH 4.7.
3. 5 ml of 6% Nacl in 25-50 mM so dium ac e tate buffer, 

     pH 4.7 (di lute the buf fered 12% NaC lwith wa ter.)  
4. one eppendorf tube with a Seed Bead.
5. seed stock, cre ated with the microcrystals grown in the 
    pre vi ous ex per i ment. 
Col lect the par ent seed crys tals (grown in the drop of 100
mg/ml plus pre cip i tant). Top up the so lu tion with pre cip i -
tant so that you have a seed stock of about 50 microliters.

1. Re turn to the seed stock cre ated in the pre vi ous ex per i -

ments i.e., the eppendorf con tain ing ap prox i mately 50 mL.
2. Trans fer it to an eppendorf tube con tain ing the Seed
Bead™. (Note: a round-bot tom 2 ml eppendorf tube ac tu -
ally works better than the 1.5 ml V-shaped eppendorfs sup -
plied with the Seed Bead.) In to day’s ex per i ment, the seeds
are al ready microcrystals, but if you have larger crys tals, a
seed bead is use ful for cre at ing a ho mo ge neous seed
“soup” or “slurry”.
3. Vor tex the eppendorf tube con tain ing the Seed Bead at
full power for 30-60 sec onds. 

4. Af ter the vor tex step, add an other 50 mL of pre cip i tant
(30% PEG, 1 M NaCl) to the micro cen tri fuge tube and mix
the so lu tion well with a pi pette. This will give you about
100 microliters of con cen trated seed stock.
5. La bel four micro cen tri fuge tubes: 1:5, 1:25, 1:125,
and 1:625. This will re duce the like li hood of ac ci den tally
mis la bel ing the dif fer ent di lu tions later on. 

6. Pre pare four 1:5 se rial di lu tions. How? Make 50 mL

of a 1:5 di lu tion by add ing 10 mL of the con cen trated stock

to 40 mL of pre cip i tant and mix ing well with a pi pette. Re -

peat this pro ce dure ex actly, us ing 10 mL of the 1:5 di lu tion

and 40 mL of pre cip i tant to give 50 mL of a 1:25 di lu tion,
and so on. Se rial di lu tion is a more ac cu rate method than
pre par ing each stock di rectly from the 100% so lu tion be -
cause it does not re quire the pipetting of ex tremely small
vol umes. How ever, it does re quire thor ough mix ing of
each stock so lu tion be fore pre par ing the next di lu tion.
7. Into a Petri dish, pour ap prox i mately 5 ml of the buf -
fered 12% NaCl so lu tion in the res er voir (bot tom of the
plate).
8. Us ing READY MIXTURE A from the pre vi ous ex -
per i ment, pi pette a row of 6 iden ti cal drops each onto the
lid of the Petri dish. Each drop will con tain 5 microliters.

9. To each drop, add 0.2 mL from seed stock and then each 
seed di lu tion so lu tion (1:5, 1:25, 1:125, and 1:625). The
sixth drop will be a con trol (no seeds). Do not stir the drops. 
Seal the dish with parafilm.

10. In a sec ond Petri dish, add ap prox i mately 5 ml buf fered
6% NaCl. 
11.  In an eppendorf tube, make 25 microliters of 20 mg/ml
lysozyme (take 5 microliters of 100 mg/ml stock so lu tion,
add 20 microliters wa ter.)
12. Add 25 microliters of the res er voir so lu tion (buf fered
6% NaCl).
13. You now have 50 microliters of READY MIXTURE
B.
14. Us ing READY MIXTURE B, pi pette a row of 6 iden -
ti cal drops onto the lid of the Petri dish. Each drop will con -
tain 5 microliters. 

15. To each drop, add 0.2 mL from the seed stock and then
each seed di lu tion so lu tion (1:5, 1:25, 1:125, and 1:625).
The sixth drop will be a con trol (no seeds). Do not stir the
drops. Seal the dish with parafilm.

Ex pected re sults:  Wait 6-24 hours. If the seed ing has
worked, the ef fect of the di lu tion se ries should be ob vi ous,

with suc ces sively fewer crys tals for each di lu tion.  For the
lab dis cus sion to mor row, in di cate how many crys tals each
drop con tained.
Ques tions to an swer for the dis cus sion ses sion:
1. Which di lu tion gave the best re sult, i.e., 3-4 large crys -
tals?
2. Can you save the seed di lu tions and re-use them?
3. Which de liv ery method works best: jab, streak, or
aliquot?
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PRACTICAL EXERCISES, PROTOCOLS AND REFERENCES

Na omi Chayen

Im pe rial Col lege Lon don

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

Exer ci se 1: In ser ti on of oil barrier to slow
down  va por dif fu si on ex pe ri ments

Chayen N.E. (1997) J. Appl. Cryst. 30, 198-202

The pur pose of this ex per i ment is to im prove the size and
qual ity of crys tals which are ob tained as show ers of small
use less crys tals, twinned crys tals or pre cip i tate. The ex per -
i ment also dem on strates the ef fect that oil-over-the res er -
voir has on the rate of equil i bra tion (and sub se quent ef fects
on crys tal growth.)

Ma te ri als (can be pur chased from Hampton Re search,
Mo lec u lar Di men sions and other com pa nies sell ing crys -
tal li za tion kits and tools)

• Crys tal li za tion plates for hang ing or sit ting drops
• cover slips
• grease or seal ing tape
• sil i cone oil  
• par af fin oil 
• Al’s oil 
• Pro tein so lu tion
• Crys tal li za tion re agents

Method for Prep a ra tion of the oils
1. Mix par af fin and sil i cone oils in equal vol umes.  
2. Shake well and al low to stand for sev eral min utes. 
      The oils are to tally mis ci ble once the bub bles have 
      dis ap peared. 

  
Method for set ting up hang ing drops
1. Use a Linbro type plate type for hang ing drops. 
2. Coat the lips of the res er voirs with grease or oil (un less 
      your plates are pre-greased).

3. Pi pette 0.6 - l ml of the res er voir so lu tion which gives 
      you the show ers of crys tals into each well.
4. Pi pette vol umes rang ing from 0.1 ml to 0.5 ml of a 
      mix ture of par af fin and sil i cone over all the 
          reservoirsexcept for one res er voir. The oil will form
      a layer above the res er voirs (fig ure).

5. Dis pense the hang ing drops on the coverslips as usual 
      by mix ing the pro tein so lu tion with the res er voir 
        so lu tion. Use the res er voir with out oil as your source of 
      pre cip i tant for all the drops.  
6. In vert the cover slips and place over the wells 
      con tain ing the oil layer.  
7. Place the last drop over the res er voir with out the oil.     
      This drop will act as your con trol.
8. In cu bate at the tem per a ture of your choice.
9. If the qual ity of the crys tals is not suf fi ciently 
      im proved, re peat the pro to col us ing dif fer ent ra tios of 
      par af fin and sil i con.

Method for sit ting and sand wich drops
In the case of sit ting and sand wich drops, set up the tri als as
you would nor mally do and place the layer of oil above the
res er voir be fore seal ing the plates with tape.

Warn ing: This tech nique does not work with PEG or
MPD con cen tra tion above 13% but is very ef fec tive at con -
cen tra tions be low 13% and at all con cen tra tions of all salts.

Ex pected re sults:

Wait pa tiently for the re sults be cause in tri als con tain ing an 
oil bar rier, crys tals re quire lon ger pe ri ods (e.g. 8-10 days
com pared to 12-24 hours) to grow to full size, but their
qual ity is im proved.  
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 Exer ci se 2:  Setting up micro batch tri als

Chayen et al (1992) J.Cryst. Growth 122, 176-180.
D’Arcy et al (1996) J.Cryst. Growth 168, 175-180
Chayen N.E. (1997) Struc ture 5, 1269 - 1274.

Pur pose of ex per i ment: To em ploy a method of crys tal li za -
tion with dif fer ent in her ent qual i ties to that of dif fu sion
meth ods. The method is used for screen ing and for op ti mi -
sa tion.

Ma te ri als re quired:
1. Three microbatch plates; also known as HLA, Terasaki 
     or microtiter plates avail able from Hampton Re search, 
     Nunc, Mo lec u lar  Di men sions, etc.  
2.   Low den sity oils:

• Par af fin oil  
• Sil i cone oil  
• Al’s oil

Pro teins and buff ers re quired:
1. Lysozyme at 40 mg/ml in 10 mM so dium ac e tate buffer 
      pH 4.7
2. Pre cip i tant: 12% NaCl in 10 mM so dium ac e tate buffer 
      pH 4.7

Gen eral pro ce dure for set ting up microbatch 
man u ally:
1.  Pi pette or dis pense 5 ml of par af fin oil into a 
        microbatch plate.  The oil will spread over the plate and 
      cover the wells.  
2.  Us ing a Gilson P2 or sim i lar pi pette, with draw 1 µl of 
      the pre cip i tant so lu tion. 
3.  In sert the tip into the well un der the sur face of the oil 
      and dis pense the 1 µl drop.  If you find it dif fi cult to 
      hold the tip in mid-oil, you can rest the edge of the  
      tip on the floor of the plate as you dis pense. As you 
      with draw the tip from the oil, the drop will de tach 
      from it and fall to the bot tom of the well. 
4. Now add in the same way 1 µl of pro tein so lu tion to   
      that well and mix gently with the pi pette tip. The two 
      (sep a rate) 1 µl drops join and be come a 2 µl drop.
5. In cu bate at the tem per a ture of your choice.
6. Ob serve tri als reg u larly un der a light mi cro scope.
Microbatch is me chan i cally the sim plest crys tal li za tion
method and is there fore in creas ingly ap plied for high
through put tri als es pe cially for screen ing.

Exam ple with ly so zy me 

1. Fill the microbatch dish with 5-6 ml of par af fin oil.
2. Lysozyme:  Make 3 rows of drops.  In the first row, the 

      drop size will be 0.5  ml 40 mg/ml lysozyme + 0.5 ml 
      12% NaCl.

3. In the sec ond row, re peat, with 1 ml + 1 ml.

4. In the third row, re peat with 4 ml + 4 ml.
5. Re peat the ex per i ment in two iden ti cal dishes, one with 
      5 ml of sil i cone oil, one with 5 ml of a 50:50 mix ture of 
    parafin:sil i cone and an other with 5 ml of par af fin oil.

Tip:  In stead of mix ing the pre cip i tant (NaCl) with the pro -
tein in the plate as de scribed above in the gen eral pro ce -
dure, you can also pre-mix the two in gre di ents in an

eppendorf tube then add the ready made drops of 1 ml, 2 ml

and 8 ml re spec tively to the plate.

Ex pected re sults:
The lysozyme crys tals will ap pear over 2 to 7 days. See if
the size of crys tals var ies as a func tion of drop size in the
lysozyme ex per i ment.    

The sil i cone oil should give faster re sults and par af fin
oil the slow est. 

Method for set ting up us ing a ro bot
There are sev eral ro bots for set ting up screen ing ex per i -
ments in microbatch. The pre cip i tant so lu tions are trans -
ferred si mul ta neously from stock screening so lu tions to
crystallization plates by any num ber of sy ringes de pend ing
on the ro botic sys tem. The drops are dis pensed un der oil
and the pro tein is added to the pre cip i tant drops us ing a
ded i cated sy ringe for the pro tein so lu tion ei ther si mul ta -
neously with the screen ing so lu tions or at a later stage.
Some of the ro bots have a rou tine of mix ing the drops. 

Tip: For screen ing pur poses it is pref er a ble to use sil i cone
oil or a mix ture of par af fin and sil i cone oils. This al lows
some evap o ra tion of the drops lead ing to a higher num ber
of ‘hits’ and faster for ma tion of crys tals com pared to tri als
which are set un der par af fin oil. In the case of op ti mi za tion, 
where the con di tions need to be known and sta ble, the tri als 
must be cov ered by par af fin oil.

N.B. Microbatch can be used for al most all the known
precipitants, buff ers and ad di tives in clud ing de ter gents.
The oils do not in ter fere with the com mon precipitants such 
as salts, poly eth yl ene glycols (PEG), jeffamine MPD and
even glyc erol and eth a nol. Microbatch, though, can not be
used for crys tal li za tion tri als con tain ing small vol a tile or -
ganic mol e cules such as dioxane, phe nol, or thymol since
these mol e cules dis solve into the oil. 
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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. 

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.
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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.
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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.

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) 

Chayen, Shaw Stew art, Maeder & Blow (1990).  An au to mated
sys tem for microbatch pro tein crystallisation and screen -

ing. J. Appl. Cryst.  23, 297-302.

Chayen, Shaw Stew art & Blow (1992). Microbatch
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Chayen, Shaw Stew art & Baldock (1994). New de vel op ments
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