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Abstract 
Heat- and guanidine hydrochloride-Induced unfolding and refolding of precursor as well as mature ribose-binding proteins of Escherichia coli were 

studied m the presence of o-ribose using intrinsic tyrosine fluorescence and circular dichroism. The precursor and mature proteins have shown virtually 
identical unfolding-folding behavior. It was observed that o-ribose refolds partially unfolded precursor and mature ribose binding proteins into native 
structure and decreases the unfolding rate of the these proteins. The conformational stabilities of these proteins were found to increase with increasing 
o-ribose concentration. 
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1. Introduction 

The binding proteins, present in the periplasmic space 
of Gram-negative bacteria, are involved in the active 
transport and chemotaxis of various substrates. They are 
synthesized first as precursors in the cytoplasm, exported 
into the periplasm and then processed to the mature 
forms. It was assumed that, when a substrate is bound, 
the binding protein undergoes a conformational change 
and this protein complex, in turn, interacts with a proper 
membrane receptor effecting either substrate transport 
or chemotaxis [l-7]. This conformational change was 
documented for galactose-binding protein [l-5], ribose- 
binding protein [3], arabinose-binding protein [6], and 
leucine/isoleucine/valine-binding protein [7]. Various 
physical methods demonstrated that binding of sub- 
strates transforms the mature binding proteins into more 
compact forms [6,7]. 

It should be of interest to see whether this structural 
change accompanies a change in the stability of binding 
proteins and also whether the precursor binding proteins 
undergo a similar change as the mature proteins. Here, 
we have investigated the stability of precursor ribose- 
binding protein (pRBP) and mature ribose-binding pro- 
tein (mRBP) of Escherichia co/i as a part of our overall 
studies on the mechanism of its secretion. 

*Correspondmg author. Fax: (82) (42) 869 4010. 

Abbreviations: RBP, ribose-binding protein; pRBP, precursor RBP; 
mRBP. mature RBP; GdnHCl, guanidme hydrochloride; CD, circular 
dichroism 

2. Materials and methods 

pRBP and mRBP were purified from the strains IQ87 (MC4100 
secY’VpCI857, pSPlO7) and SPl14 (NR69/pSPl07), respectively, by ion 
exchange chromatography as described elsewhere in detail [8] but after 
some minor modifications. Protein concentration was determined by 
the Bradford method using bovine serum albumin as a standard [9]. 
GdnHCl was purchased from Sigma and the stock solutions were pre- 
pared daily, its concentration being determined by refractometry [IO]. 
All experiments were done at 25°C with 2 PM protein concentration 
in 50 mM potassium phosphate buffer, pH 7.5. Fluorescence intensity 
was measured on a Jasco FP770 spectrofluorometer in a thermostated 
cuvette with 280 nm excitation wavelength. Thermal unfolding was 
monitored by following the decrease in fluorescence intensity at 303 nm 
(excitation at 280 nm) or the change in molar residue ellipticity at 222 
nm with I “Clmin heating rate. All CD spectra were recorded on a Jasco 
5600 spectropolarimeter using a thermostated. 0.1 cm path length cell. 

3. Results and discussion 

As shown in Fig. lA, maximum fluorescence emission 
for pRBP occurs at 303 nm (excitation at 280 nm) and 
the main effect of the denaturant was a decrease of about 
45% in fluorescence intensity without any shift in the 
maximum wavelength. In 0.55 M GdnHCl, the fluores- 
cence intensity was about halfway between those in 0 M 
and 1 M denaturant solutions showing that the proteins 
were partially unfolded. This result deviates somewhat 
from the one obtained by Teschke et al. [8] who observed 
about 80% unfolding at 0.55 M GdnHCl. This discrep- 
ancy may be due to the stabilizing effect of the potassium 
phosphate buffer used here [l 11. The results with mRBP 
(not shown here) were essentially the same as pRBP 
Analysis of the CD spectrum for the native mRBP (not 
shown here) using the reference spectra obtained from 
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Added D-ribose cont. (uM) 

Fig. 4. Concentration dependent increase of transition temperature 
midpoints measured by the fluorescence intensity at 303 nm. 

D-ribose monitored by CD which gives essentially the 
same transition temperature as obtained by fluorescence. 
Fig. 4 presents the increase in the transition temperature 
with increasing D-ribose concentration. These results 
show that D-ribose increases the conformational stability 
of both pRBP and mRBP to the same extent. The effect 
of D-ribose concentration on the transition temperatures 
as determined by CD gave the same results (data not 
shown). D-Allose, D-xylose, o-arabinose, and D-galactose 
at 100 PM concentrations had no effect on the transition 
temperature of the RBPs. It has been known that D- 

allose binds to mature RBP albeit with a greatly reduced 
affinity (dissociation constants : 3 x 10M4 ,uM for allose 
as opposed to 3 x lo-’ PM for ribose) [ 141. D-allose, how- 
ever, had no discernible effect on the transition tempera- 
ture of pRBP and mRBP. 

This study unequivocally demonstrated an increase in 
the stability of both pRBP and mRBP by D-ribose which 
apparently coincides with the conversion into a more 
compact structure for the case of mRBP. There is no 
comparative study on the structural change for the pre- 
cursor protein. Although we do not know why this type 
of structural change results in the stabilization, there are 
a number of reports on this phenomenon [15-191. 

It is of interest that the stability increase by D-ribose 
occurs to both pRBP and mRBP to an equal extent, 
indicating structural similarity between these two pro- 
teins despite of the existence of N-terminal extension of 
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signal peptide in the precursor protein. The secondary 
structure determined by CD and equilibrium unfolding- 
folding behavior of pRBP (Fig. 1) and mRBP are essen- 
tially the same supporting the notion that these have 
basically the same structure. 

The translocation competent pRBP has a somewhat 
loose structure and the effect of substrate-induced stabi- 
lization on the translocation of this protein is an interest- 
ing question. The possibility of the ligand-induced stabi- 
lization being involved in the regulation of secretion itself 
of pRBP may be ruled out from our observation that 
D-ribose had no effect on the in vivo translocation of 
pRBP (data not shown). 
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