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Ba cil lus subtilis is a model or gan ism for the study of one of
the sim plest cell dif fer en ti a tion pro cess, called sporulation. 
A rich amount of ge netic, bio chem i cal and mo lec u lar bi ol -
ogy data have been ob tained dur ing the study of this pro -
cess. Re cently, this study has ad vanced to the solv ing the
ter tiary struc ture of key pro tein reg u la tors. This con tri bu -
tion fo cuses on the prog ress in pro tein crys tal log ra phy ori -
ented to ward the un der stand ing of sporulation
mech a nisms, that have been achieved in the last cou ple of
years. 

The phosphorelay is the main reg u la tory net work in the
initation of sporulation. Re cently, the ter tiary struc tures
some of the com po nents of this net work were solved. The
struc tures of re sponse reg u la tors Spo0F [5], Spo0A [2,3,4]
and phosphotransferase Spo0B [7], to gether with bio chem -
i cal and mutational data pro vide an im por tant frame work
for fur ther un der stand ing of their bi o log i cal func tion at the
mo lec u lar level. 

Struc tural data were also ob tained from some pro teins

in volved in ac ti va tion of the first cell-type spe cific s fac tor

- sF (struc tures of anti-anti-s fac tor SpoIIAA and anti-s

fac tor SpoIIAB in the com plex with sF) [6,1].
The struc tures of only a small num ber from more than

100 sporulation spe cific pro teins are known due to prob -
lems as so ci ated with the crys tal li za tion of these pro teins.
Struc tures for many of the in ter est ing can di dates re main a
chal lenge. Among them are the mem brane bound pro teins
and pro teins with highly flex i ble do mains.

Es pe cially in ter est ing for un der stand ing of the mech a -
nism of the tran sient gene ex pres sion asym me try dur ing
sporulation would be the de tailed study of sporulation
septa for ma tion by solv ing the crys tal struc ture of key pro -
teins in volved in this cell di vi sion and chro mo some
translocation pro cesses such as phosphatase SpoIIE, DNA
translocase SpoIIIE or di vi sion pro tein DivIVA.

Work in au thors lab o ra to ries is sup ported by grant
2/1004/22 from the Slo vak Acad emy of Sci ences and
Wellcome Trust Pro ject and Col lab o ra tive Re search Ini -
tia tive Grants (056247/Z/98/Z and 066732/Z/01/Z, re spec -
tively).
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STRUCTURAL BASIS OF PROTEIN
METASTABILITY
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All in for ma tion for the three di men sional struc ture of pro -
teins and their func tion al ity is en crypted within their amino 
acid se quences. The nat u ral amino acid se quences of pro -
teins have been per fected by evo lu tion not only for their
func tional struc ture but also for a rapid and highly di rec -
tional ac qui si tion of their folded, fully func tional state. An
un am big u ous dis tinc tion be tween these two pos si bil i ties is
im por tant for a clear-cut in ter pre ta tion of con se quences of
amino acid re place ments in pro tein en gi neer ing ex per i -
ments. 

The dou ble-headed Bow man Birk serine pro te ase in -
hib i tor (BBI) built up from two tri ple stranded b-hair pin
do mains di rected against trypsin and chymotrypsin was se -
lected as a model pro tein. The dou ble-headed ar range ment
of two in de pend ent subdomains fa cil i tates the de tec tion of
long-range ir reg u lar i ties trans mit ted from the trypsin- into
the chymotrypsin-in hib i tory re gion used as a ref er ence.

The ex posed hy dro pho bic patches on the pro tein sur -
face and a po lar pro tein in te rior ap pear as struc tural pe cu -
liar i ties more rem i nis cent of the kind of struc tural fea tures
that have been pos tu lated to oc cur in par tially folded pro -
teins rather than their folded state. 

The au ton o mous refolding com pe tence of the par ent
pro tein was abol ished as s re sult of amino acid re place -
ments, re sult ing in het er o ge neous pop u la tions of con form -
ers greatly dif fer ing in their ac tiv ity. In con trast to the
au ton o mous refolding com pe tence of the par ent pro tein,
the vari ants re quire the pres ence of trypsin-Sepharose as a
tem plate with com ple men tary struc ture in or der to reach
their fully ac tive state. The fully ac tive state of the vari ants
at tained by means of this method re turns to the ini tial mix -
ture of con form ers upon sub se quent in cu ba tion in the
refolding buffer in a slow first or der re ac tion. There fore,
the fully ac tive state of the vari ants may be re garded as lo -
cal en er getic min ima sur rounded by high bar ri ers of ac ti va -
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tion. The ap pear ance of ap par ently metastable state
sup ports a ki netic re ac tion con trol for the vari ants on the
tem plate al though it can not rule out a ther mo dy namic re ac -
tion con trol. In fact, the tem plate fa cil i tates fold ing not
only kinetically, by re duc ing the high bar rier of ac ti va tion
in so lu tion but also ther mo dy nam i cally by sta bi lis ing the
fully ac tive state by means of pro tein-pro tein-in ter ac tions.
Pro tein metastability has also been doc u mented for cer tain
proteolytic en zymes af ter re moval of their prosequences
and for the na tive con for ma tion of vi ral hemagglutinins.
Pres ently, it is un known whether the na tive con for ma tion
of soy bean BBI cor re sponds to a global en ergy min i mum
or a metastable state on its conformational land scape.
How ever, the in side-out sit u a tion in BBI and the con for -
mational changes that are in duced with re duc ing agents
even in the ab sence of denaturants seem to be more in fa -
vour of the sec ond pos si bil ity.    
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En zyme LinB is the haloalkane dehalogenase from bac te -
rium Sphingomonas paucimobilis UT26. It is in volved in a

bio chem i cal path way for deg ra da tion g-hexachlo rocyclo -
hexane. LinB ca tal y ses hydrolytic dehalogenation of broad 
range of halogenated aliphatic com pounds [1]. The amino
acid in po si tion 177 was iden ti fied as a very im por tant de -

ter mi nant of cat a lytic prop er ties of LinB by struc tural anal -
y sis [2] and by com par i son of its pro tein se quence with
other fam ily mem bers: (i) L177 is po si tioned in the mouth
of the en trance tun nel lead ing the en zyme ac tive site and is
point ing di rectly to the tun nel and (ii) L177 is the most
vari able res i due of the ac tive site pocket among dif fer ent
haloalkane dehalogenases. L177 of the wild type en zyme
was there fore re placed by ev ery other amino acid and then
the ef fect of mu ta tions on en zyme ac tiv ity was stud ied.
Con struc tion of the pro tein vari ants was con ducted in two
suc ces sive rounds. In the first round, L177 was re placed by 
A, C, G, F, K, T and W, re spec tively. The spe cific ac tiv i ties 
of the first set of mu tants were sta tis ti cally ana lysed but re -
sults from this anal y sis were not sta tis ti cally sig nif i cant.
For that rea son the first set of mu tants was com ple mented
with the sec ond set of mu tants com pris ing re place ment of
L177 by D, E, H, I, M, N, P, Q, R, S, V and Y, re spec tively. 

All seven pro tein vari ants of the first set could be
overexpressed in Esch e richia coli and showed ac tiv ity
with at least some of the sub strates used for char ac ter iza -
tion. In the sec ond set, two out of twelve pro tein vari ants
(L177E and L177N) could not be overexpressed in E. coli,
while other two vari ants (L177P and L177I) did not show
ac tiv ity with any of the sub strates. Cir cu lar dichroism spec -
tra were re corded for all pro teins pu ri fied in the sec ond set
and two in ac tive mu tants showed spec tra dif fer ent from
wild-type LinB and other mu tants (Fig. 1), sug gest ing a de -

crease in the num ber of amino ac ids in a-he li cal con for ma -
tion and pro tein un fold ing.

Suc cess fully pu ri fied en zymes from both sets were
kinetically char ac ter ized us ing a gas chro ma tog ra phy.
Com pounds 1-chlorobutane and 1,2-dibromoethane were
se lected as the sub strates for steady-state ki netic mea sure -
ments be cause they of ten serve as the ref er ence com pounds 
for char ac ter iza tion of the haloalkane dehalogenases.
Dehalogenation of 1-chlorobutane showed typ i cal Mi chae -
lis-Menten de pend ence, while dehalogenation of 1,2- di -
bromo ethane showed sub strate in hi bi tion. Fur ther more,

The ex posed hy dro pho bic patch be long ing to the trypsin-in hib i -
tory re gion (Tr) is shown in ochre and that pro ject ing out from the 
chymotrypsin-in hib i tory re gion (Ch) is shown in yel low. Res i -
dues be long ing to the bur ied po lar in te rior are high lighted in
CPK.    
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Fig. 1. Far-UV cir cu lar dichroism spec tra of the wild-type
haloalkane dehalogenase LinB, L177D, L177H, L177M, L177Q, 
L177R, L177S, L177V, L177Y mu tants (solid lines) and L177P,
L177I mu tants (dashes lines). The spec tra were mea sured at room 
tem per a ture with the pro tein con cen tra tion 0.3 mg/ml in 50 mM
phos phate buffer (pH 7.5) us ing the JASCO J-810 spectro pola -
rimeter.


