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SEED ING LAB EX ER CISES
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In this lab ses sion we will be do ing two ex er cises:
1.  In stan ta neous streak seed ing vary ing the pro tein con -
cen tra tion.
2.  Com par ing the ef fects of add ing dif fer ent amounts of
seeds.

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. 

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.  two 20 ml Petri dishes (the large size)
2.  5 ml of 6% NaCl in 50-100 mM so dium ac e tate buffer, 
     pH 4.7
3.  5 ml of 12% NaCl in 50-100 mM so dium ac e tate buffer, 
     pH 4.7
4.  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
Method:
1. In an eppendorf tube, mix 50 microliters of lysozyme 
     (20 mg/ml) with 50 microliters of 6% NaCl in 50-100 
      mM so dium ac e tate buffer, pH 4.7 = MIXTURE A.
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2. In an other eppendorf tube (mark them, so you don’t 
     mix them up!), mix 50 microliters of lysozyme (20 
        mg/ml) with 50 microliters of 12% NaCl in 50-100 mM 
     so dium ac e tate buffer, pH 4.7 = MIXTURE B.
3. In one Petri dish, pour ap prox i mately 5 ml of the 
        buf fered 6% NaCl so lu tion in the bot tom = PLATE A.
4. Re peat for the other Petri dish, us ing buf fered 12% 
      NaCl in stead = PLATE B.
5. Us ing MIXTURE A, pi pette 3 rows of 6 drops each 
     onto the lid of PLATE A.  Each drop will con tain 5 
     microliters.   See pic ture.
6. Re peat for MIXTURE B and PLATE B.
7. Row 1 will be the con trol.
8. Row 2 will be jab seeded.  Us ing the seed trans fer tool, 
     dip or stir it into the par ent drop in the pre vi ous 
     ex per i ment (ex per i ment 1) to pick up seeds.
9. 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 to cre ate a di lu tion 
     se ries of the seeds.
10. 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 par ent drop in the pre vi ous ex per i ment 
     (ex per i ment 1) to pick up a new batch of seeds.
11. 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.
12. In vert the lids of the Petri dishes over the cor rect, 
      re spec tive res er voirs and seal the rims with parafilm.  
13. Wait 24 hours to ob serve the re sults.

Ex pected re sults:
1. Af ter 24 hours, the con trol row in PLATE A will 
      prob a bly be still clear (but crys tals will grow there af ter 
     48 hours, so it is best to ex am ine the plates be fore that).  

    In PLATE B, you prob a bly will see sea ur chin-type 
    crys tals by 24 hours.
2. 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 ml.
      Once back home, try the ef fect on large sit ting drops (40 
     microliters) to make it more pro nounced.
3. 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.
4 How to make a seed di lu tion se ries to con trol more 

ex actly the num ber of seeds you add (things to do 
back home): If you have a crys tal li za tion ro bot, it is 
easy to de liver dif fer ent amounts of the seeds to your 
drops, cre at ing a de facto di lu tion se ries that way. You 
can also make a di lu tion se ries man u ally in eppendorf 
tubes and then take an aliquot of seeds to the 
hang ing/sit ting drops con tain ing pro tein/pre cip i tant. 
The pro to col is found in D’Arcy, Bergfors et al., Acta 
Cryst (2014) F70, 1117-1126, sec tion 2.1. Pro duc ing 
seed stocks and di lu tions.
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Petri dish for ex per i ment 2.

Fig ure 3. Com par i son of drops that have been se ri ally seeded with a con trol.  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 nee dle in oc u lated 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 streak wand through the first drops in the row. (Photos by Terese Bergfors).


