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State of the art pro tein crys tal li za tion is a num bers game: as 
it is un likely that the con di tions un der which any given
macromolecule will crys tal lize can be de duced a pri ori,
con di tions must in stead be found by ex per i men ta tion.

 Crys tal li za tion is a time-de pend ent trial and er ror sam -
pling of the ex tremely large space of pos si ble crys tal li za -
tion con di tions: large num ber of con di tions are tested, and
each ex per i ment is ob served (of ten by im ag ing) at sev eral
time points. The ul ti mate goal is to have a con sis tent ma -
chine gen er ated score for each im age de scrib ing the out -
come and then to cor re late im age sim i lar ity with con di tion
sim i lar ity, build ing up an ac cu rate pic ture of the phase di a -
gram for any sys tem.  This would en able con di tions for
crys tal li za tion to be lo cated, even if the ini tial set of ex per i -

ments did not sam ple the ap pro pri ate set of ex per i men tal
con di tions in the space of all pos si ble con di tions.

Cur rently, au to ma tion is used rou tinely to min ia tur ize
the ex per i ments and to cap ture their re sults, but not to in ter -
pret the re sults of the ex per i ments.  We are in ter ested in dif -
fer ent ap proaches to us ing ma chine learn ing to in ter pret the 
re sults of crys tal li za tion ex per i ments – what tools have al -
ready been de vel oped, and how can they be best im ple -
mented in a prac ti cal and timely way?  We will dis cuss
prog ress of im ple men ta tion, and com pare and con trast ex -
ist ing ap proaches to au to ma tion of scor ing.  Fi nally, we
will dis cuss the steps we are tak ing to find re la tion ships be -
tween the ex per i men tal con di tions and the out comes of
those ex per i ments.
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Find ing the con di tions that will pro duce dif frac tion qual ity
crys tals can re quire many crys tal li za tion ex per i ments. The
use of ro bots has in creased the num ber of ex per i ments per -
formed in most lab o ra to ries and, in struc tural genomics
cen tres, tens of thou sands of ex per i ments can be pro duced
each day. Vi sual in spec tion is be com ing in creas ingly im -
prac ti cal and au to mated im ag ing sys tems are now used
rou tinely to re cord the re sults of these ex per i ments. Im age
anal y sis soft ware has been de vel oped a num ber of re search
groups [1-4] to pro vide scores, al low ing the im ages from
crys tal li za tion tri als to be ex am ined in or der of merit and
re duc ing the num ber that need to be ex am ined by eye.
How ever, scor ing in di vid ual im ages does not take ad van -
tage of the fact that each ex per i ment is as sessed reg u larly

over a pe riod of time. As each new im age is pro duced, fur -
ther in for ma tion about the ex per i ment be comes avail able
and changes be tween im ages can be en coded as ad di tional
fea tures for clas si fi ca tion. The more in for ma tion that can
be ob tained, the greater the like li hood of cor rect clas si fi ca -
tion and, in ad di tion to anal y sis of the time-course im ages
as a se quence, the in for ma tion gained from UV im ag ing is
con sid ered. For ex am ple, al though the drop in fig ure 1 is
eas ily iden ti fied in the greyscale gra di ent mag ni tudes, the
drop in fig ure 2 can not be found. How ever, the ad di tional
in for ma tion from the UV im age taken at the same time, al -
lows a mask to be found so that fur ther pro cess ing is re -
stricted to the crystallisation drop. 
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Fig ure 1. The greyscale gra di ent mag ni tudes (b) can be used to pro vide a mask for the crystallisation drop in (a).

Fig ure 2. The lack of a de fined bound ary in (a) does not al low the drop to be iden ti fied by the gra di ent mag ni tudes (b). How ever, the
UV im age pro vides ad di tional in for ma tion that can be used to mask the drop.
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Pro tein crys tal li za tion screen ing fo cuses on de ter min ing
the fac tors cru cial for suc cess ful pro tein crys tal li za tion.
The pro tein crys tal li za tion may re quire large num ber of pa -
ram e ters to be con sid ered for set ting up of cock tails that
would yield suit able large crys tals for X-ray data col lec tion 
[1, 2]. These pa ram e ters in clude types of re agents, ionic
strengths, types of salts, pH value of buff ers, tem per a ture,
etc. [3]. Our goal is to im ple ment a ge netic al go rithm which 
iso lates com bi na tions of re agents and con cen tra tions that
have a higher de gree of syn ergy and po ten tially of fer better
crys tal line out come.

Com bi na tions of re agents along with their con cen tra -
tions are mapped into bi nary coded strings called chro mo -
somes (not to be con fused with bi o log i cal chro mo somes).
Each chro mo some rep re sents a cock tail which is a cer tain
set of buffer, pH, salts, etc. The length of a chro mo some de -
pends on the num ber of re agents we take into con sid er ation 
for a par tic u lar ex per i ment. Us ing ex pert score from pre vi -
ously con ducted ex per i ments, we iden tify new con di tions
gen er ated by the al go rithm in suc ces sive it er a tions. Un de -
sired con di tions, such as those that are known to cause
phase sep a ra tion and pre cip i tates, are re moved and fa vour -
able con di tions are paired to pro duce the next gen er a tion of 
con di tions. The top ranked con di tions pro duced by the al -
go rithm will be eval u ated with respect to experiments

conducted based on our associative experimental design
[4].

The ad van tage of us ing ge netic al go rithm for pro tein
crys tal li za tion screen ing lies in the abil ity of the al go rithm
to han dle large num ber of pa ram e ters in an un even search
space en vi ron ment. With this ap proach, we can em ploy se -
lec tive pair ing of con di tions (chro mo somes), which could
be use ful in iden ti fy ing pre cip i tant syn ergy for ob tain ing
crys tals and antergy (pairs that pro duce no crys tals) and
thus nar row down the screen ing pro cess. The out put con di -
tions gen er ated by the al go rithm will be eval u ated us ing the 
Bin – Re call Met ric [4]. 
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In situ screen ing of crys tal li za tion tri als con tin ues to be a
topic of im por tance. In situ screen ing al lows one to de ter -
mine if the crys tal-like ob ject in a trial is salt, pro tein or
some thing else of in ter est. Fur ther more, crys tal qual ity can
be as sessed be fore cryoprotection is at tempted, pro vid ing a 
means to better op ti mize this step. Fi nally, some crys tals
are well-be haved enough that com plete or nearly-com plete
data sets can be col lected in situ, elim i nat ing the need for
har vest ing and cryoportection al to gether. 

In this pre sen ta tion we will show re sults from a newly
de vel oped au to mated in situ screen ing sys tem de signed
spe cif i cally to work with leg acy Rigaku diffractometers,
ex tend ing their util ity. The sys tem is easy to in stall and
deinstall so one can go from col lect ing data on cryo-pro -
tected sam ples to in situ screen ing in min utes. The sys tem
uses the same soft ware as the Rigaku Ox ford Dif frac tion
PXScanner, CrystalEyes, mak ing the tran si tion be tween
ded i cated and part time sys tems easy.
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