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Ab stract
The cold ac tive ß-galactosidase iso lated from Arthrobacter
sp. C2-2 was ex pressed and fully char ac ter ized. The dif -
frac tion mea sure ments were com pleted and the 3D struc -
ture de ter mi na tion is in prog ress. Com par i son of
pre lim i nary struc ture shows that the en zymes from
psychrophilic and thermophilic or gan isms have high con -
for ma tion sim i lar ity in spite of homology 32 % only. A role 
of mu ta tions im por tant for ac tiv ity and the conformational
sta bil ity of the en zyme are an a lyzed by en ergy cal cu la -
tions.  

In tro duc tion

The ß-galactosidase from Arthrobacter sp. C2-2, main sub -
ject of this study, was de rived from bac te ria liv ing in
Antarctica un der low tem per a tures (per ma nently be low
5 °C). Its low tem per a ture ac tiv ity de serves spe cial at ten -
tion be cause of many prac ti cal and the o ret i cal im pacts of
en zy matic pro cesses un der am bi ent tem per a tures [1, 2].
The elu ci da tion of low tem per a ture ad ap ta tion of en zymes
re quires knowl edge of de tailed mo lec u lar ge om e try and an
anal y sis of conformational changes in the ac tive site. The
only known method be ing able to give com plete de ter mi na -
tion of struc ture of large pro teins is the X-ray crys tal log ra -
phy. There fore, the first part of our pro ject is to de ter mine
the struc ture the above men tioned cold-ac tive en zyme us -
ing X-ray dif frac tion.

Struc ture de ter mi na tion

Cold ac tive ß-galactosidase from Arthrobacter sp. C2-2 is a 
large pro tein - homotetramer with mo lec u lar weight 500
kDa, hav ing 4092 res i dues. It is homological to the
ß-galactosidase from Esch e richia coli (se quence iden tity
32%). The de tails con cern ing the ex pres sion, pu ri fi ca tion
and de ter mi na tion of ba sic char ac ter is tics of the pro tein
per formed in the In sti tute of Chem i cal Tech nol ogy in
Praha were pub lished in [1, 2]. 

The pro tein was crys tal lized us ing hang ing drop

method. Crys tal li za tion drops con tained 1 ml pro tein so lu -

tion and 1 ml res er voir so lu tion.  Pro tein so lu tion:  4 mg/ml
in 10 mM po tas sium phos phate buffer pH 7.5, 1 mM
MgSO4, 1 mM NaN3 . Res er voir so lu tion:  20% PEG 4000,
200 mM NaCl, 200 mM am mo nium sul phate in 100 mM
Na ci trate buffer, pH 5.6.  The fi nal crys tals were ob tained

by microseeding, i.e. dop ing the crys tal li za tion drop by 
sev eral microcrystals ob tained in pre lim i nary crys tal li za -
tion at tempts. The crys tal was soaked in the mother li quor
with 20 % eth yl ene gly col shortly be fore mea su -rement.

In spite of large and op ti cally per fect crys tals, the
suc cess ful X-ray dif frac tion mea sure ment re quired high in -
ten sity of pri mary X-ray beam. The fi nal mea sure ment was
per formed at the source of syn chro tron ra di a tion ESRF in
Grenoble at the beam line ID 29. Be cause of large unit cell
(a = 140.1, b = 205.7, c = 140.5 C, ß = 102.3°, space group
P21), the dif frac tion data was col lected with small os cil la -
tion an gle 0.1°. To tal 1800 frames gave 28 mil lions of mea -
sure ments up to res o lu tion 1.9 C. They were pro cessed by
spe cial ver sion of the HKL pack age of pro grams [3] for vi -
ruses. All data pro cessed up to 1.9 C gave 579289 unique
re flec tions, Rlin = 8.5 % and com plete ness 95 %. The asym -
met ric unit con tains one tetramer, i.e. 32 800 sym met ri cally 
in de pend ent non-hy dro gen at oms. 

The phase prob lem was solved by the pro gram
EPMR (mo lec u lar re place ment by evo lu tion ary search [4])
us ing the struc ture of ß-galactosidase from Esch e richia
coli (PDB code 1DP0, res o lu tion 1.7 C) as a model [5]. In
spite of low homology, the global struc ture ap pears sim i lar. 
The struc ture build ing of the pro te ase tetramer into the
maps of elec tron den sity and the re fine ment is un der prog -
ress.

The Fig. 1 shows a car toon-view of a mono mer of the
ß-galactosidase from Arthrobacter sp. C2-2 ob tained by
homology mod el ing us ing pro gram Mod eler [6] start ing
from the ß-galactosidase from Esch e richia coli (homology
~30 %). Con for ma tions of side chains of the Glu442 and
Glu521 in the ac tive site of ß-galactosidase are shown in
stick and ball model.

Con clu sion

The x-ray struc ture de ter mi na tion us ing syn chro tron ra -
di a tion pro vides a re li able and suf fi ciently ex act ex per i -
men tal view of the mo lec u lar struc ture even in the case of
large pro tein macromolecule like this struc ture. This in for -
ma tion gives a com plete geo met ri cal view on bind ing and
mo bil ity of the prod ucts, in ter me di ate prod ucts and sub -
strates (mea sured af ter slight mu ta tion of the ac tive site)
which is nec es sary for a re li able de scrip tion of the en zy -
matic pro cess. The mu ta tion ex per i ments and re search of
ß-galactosidase com plexes nec es sary for a re li able in ter -
pre ta tion of low tem per a ture ac tiv ity of ß-galactosidase
from psychrotrophic microorganism Arthrobacter sp. C2-2 
are under way. 
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In the last de cade, X-ray dif frac tion of pro tein sin gle crys -
tals has be come quite a rou tine and well-known tech nique
of their struc ture anal y sis. Of course, syn chro tron ra di a tion 
is usu ally re quired and prep a ra tion of suit able sin gle crys -
tals may be not so easy.

How ever, this is not the only use of X-ray dif frac tion
and X-ray scat ter ing in bi ol ogy. In this short re view, sev -
eral other ex am ples will be men tioned - use of pow der dif -
frac tion, X-ray re flec tivity, graz ing in ci dence, stand ing
waves.

Pow der diffraction 

In last years, struc ture re fine ment and even struc ture de ter -
mi na tion from pow der diffraction is more and more pop u -
lar. This has been rou tinely used in chem is try, phys ics and
also ma te ri als sci ence. For large mol e cules it is rather com -
pli cated be cause the in for ma tion in pow der pat tern is much 
lower than in full sin gle-crys tal pat tern and more over, huge 
num ber of dif frac tion lines leads to their strong over lap.
How ever, re cently suc cess ful at tempts of pro tein struc ture
re fine ment have been re al ized us ing fast de vel op ment in
in stru men tal tech niques, namely high-res o lu tion dif frac -
tion with syn chro tron ra di a tion. Pi o neer work was pre -
sented by von Dreele [1, 2] and it started se ries of other
ex per i ments, es pe cially at ESRF high-res o lu tion beamline
[e.g. 3a, 3b]. Other ex per i ments were per formed in Jap a -
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Fig ure 1.  Mono mer of ß-galactosidase from psychrotrophic mi cro or gan ism Arthrobacter sp. C2-2 liv ing in Antarctica un der low
tem per a ture.


