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The equilibrium transition curves for thermal unfolding of levansucrase were establistied at several pH values, At pH 7 and within the temperdtufe
range of bacterial growth, the unfolded form is predominant. However, under such conditions, refolding is promoted by the only addnmn of Ca“'
or Fe**, We propose that the iertiary structure flexibility of levansucrase playsa key role inits secretxon process
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1. INTRODUCTION

It is generally acceptéd thata pfotein is competent for

transfer through the membrane only if it possesses a

loosely folded conformation [1,2]. Thus, molecular

mechanisms which modulate in vivo the folding of ex- -

oprotems are presently the subject of mtenswe in-
tigations [3].

From studies of the levansucrase translocation pro-
cess, we focused. our attention on the possible role of
multivalent metallic ions as folding modulators [4].

The question arises: can levansucrase, in the absence
of such metals, exist in the unfolded form under the

usual pH and temperature conditions occurring in the.

cytosol of Bacillus subtilis cells? If this is the case, what
are the metals that are able to promote 1ts spontaneous
refoldmg" ‘

“2 MATERIALS AND METHODS ‘

. Purification of exacellular levansticrase

Levansucrase was prepared from the-culture supernatant.of the in

duced B. subtilis QB112 strain accordmg to the published procedure
‘ [51 ‘

2.2. Fluorescence measuremems

Fluorescence was measured with ' a Jobm and Yvon thermo-'

regulated spectrofluonmeter

3. R.ESULTS
3.1 Thermal fo[dmg-unfoldmg transztzon of levan-
‘sucrase

The change in intrinsic fluorescence of levansucrase

has been shown to be strlctly correlated with the ap-
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pearance of proteolytic susceptibility and the loss of the
catalytic activity of the enzyme [4]. Thus.we used this
technique: to. monitor . the ' tertiary structural changes; ‘
associated ‘with thermal folding-unfolding transition:
Asan example, Fig. 1 shows the fluorescence propertles
of levansucrase -incubated at vanous temperatures in:
the presence of 0.1 mM EDTA, at pH 7. Each‘ ‘
fluorescence emission spectrum was recorded after 30,
min incubation of the protein at the chosen tempera-

- ‘ture; No: significant modlflcanon was’ found to occur :

after this time.
The reversibility of the trans:tlon at pH 7 is shown m”
Fig. 2. At 41°C the unfolded state is reached with a~

' half-time of about 15-20 s; the protein fully recovered

the fluorescence properties of its native form when the
temperature of the mcubauon medlum was shlfted
down to 20°C. : :

Assuming that the two-state equxhbnum model is ap-
plicable as demonstrated from - urea denaturatxon of
levansucrase [4], we can ‘calculate, from Fig: 1, the
fraction of the native form, at each temperature of the
transition region accordmg to the relanon

fu=I-fo/In-Ty
where / is the value of the ﬂuoréscencé‘intensity‘ at 340’

nm at some point in the transition and: /Iy, Ju represen-
tative values for the native and unfolded forms of the .

- protein, respectively. The: constructions of the equili- -

bnum transition curves of thermal unfoldmg of levan-
sucrase at pH 7 in the. presence and absence of EDTA.'
are shown'in Flg 3(b) and 3(a).

The same studies were conoucted at vanous pH
values. Particular attention was paid, on the one hand, ‘
to the pH values where the enzyme possesses 1ts maxs:
imum activity, pH 5.5, and on the other hand, to the

pH: range .of its synthesis secretion by B. subtms pH

6l



Volume 275, number 1,2

> ‘
= -
0 :
2 2
L
= .
z wi
L =
W 2
[&) <
- oo
i W
S 8.
0 =
&4‘ w
[
Q
3 =
= =
<
)
=
[&]
=

-y
380 © 340 300
C . WAVELENGTH - (nm) :
Fig. 1.. Fluorescence ' of ' levansucrase = incubated -at  various
temperatures. Traces of fluorescence émission spectra of each sample,
0.2 xM levansucrase in 0.1 M potassium phosphate, 0.1 mM EDTA,
pH 7, were recorded after 30 min incubation at the temperature

- studied. Excrtanon wavelength is 285 nm.

7-17.5. The temperatures of the mid-point (Tn,) ‘of the

denaturation curves estimated in each case are depicted .

in Table I. Two conclusions may be drawn from these
results: (i) around pH'7, the T}, of the protein is lower
than 37°C which is the usual growth temperature of B.
subtrhs However, under these pH conditions, the T is
strongly dependent on the presence or absence of a
metal chelator; (ii) the metal chelator effect disappeared
at pH 5.5, conditions of maximum activity and max-
imum stability of purified levansucrase. Under such
conditions the crystalline form of this protein is not‘
‘assocrated wrth metal [6] ‘

3.2 Effects of some metals on the foldmg propertres of
- levansucrase

~ The equilibrium transmon curve for thermal un-

folding of levansucrase at pH 7 in the presence of 50

mM Ca®* is shown in Fig. 3(c). Temperature of the

mid-point is 39°C. The comparison of this curve with

those obtained in the presence of EDTA (Fig. 3(b))‘

shows tlat, in the temperature range of 36-37°C, the
protein is present completely in the unfolded state in the
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. Fig. 2. Kinetics of reversible thernial denaturation .of levansucrase

measured by fluorescence intensity changes. () Unfolding: 6 4 of

" levansucrase stock solution (0.1 mM) were diluted in 3 mlof 0,1 M

potassium phosphate, pH 7, 0.1 mM EDTA, preincubated at 41°C,
The fluorescence intensity change of the solution was recorded -until

; the minimum was reached. (b) Refolding: the temperatuire of the pro-

tein solution in the cell of the spectrofluorimeter ‘was decreased to
20°C by the change (arrow) of the fluidin the thermo-regulated cir-
cuit. (®) Values of temperature within,the cell.

‘absence of free metal and completely present in the
~ folded formi in the presence of calcium. It is thus possi-

ble to postulate that this metal could act as a folding

~ cofactor under these pH and temperature conditions.

‘This prediction is correct since, as shown in Fig. 4

'the protem previcusly unfolded at 37°C in the presence‘
‘of 0.1 mM EDTA was rapidly (#;2=120 s) and fully

refolded by the only addition of 50 'mM calcium.

" Among the other polyvalent metal ions. tested, Mg?*,

Ba’*, Mn?* had no effect whereas Sr** displaced par--

" tially the equrllbrrum The effect of Fe3*, which
‘drsplays a strong absorbance at the wavelength of

fluorescence emission, was studied by monitoring the
change of resistance to degradation by subtilisin.[4].
Fig. 5 shows that the addition of Fe®* to the unfolded
form promoted refolding ‘at 37°C, pH 7, as observed

~with calcium. The half-life of the process was in the
same order of magnitude in both cases: #1,, = 100~120s.

4 DISCUSSION

The results presented in: '[hlS work show that levan-
sucrase possesses a tertiary structure wholly dependent
or Ca®* under the pH and
temperature conditions of its-synthesis. These observa-
tions, added to those published [7], pertaining to the
role of Fe** asa cofactor of the second step of the secre-
tion'mechanism of levansucrase, suggest a precise func-
tion of such metals during the secretion pathway. We
propose the following model for this sequential process.
Under the cytosolic conditions, pH 7-7.5 [8], 37°C and
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Fig. 3. Equlllbnum transmon curves for thermal unfolding of levansucrase at pH 7. (a) In-0.1 M potassmm phosphate buffer (0). (b) in the same :
buffer with 0.1 mM EDTA (A); (o) i in 0.1 M potassium acetate buffer, 50 mM CaClz (O). The fractlon of the nanve form was calculated at each
. temperature as descnbed in the-text.

low concentrations. of free Ca** or Fe**, the newly syn-

thesized protein remains in the unfolded state and ex-
poses its hydrophobic groups. The first step is the spon-
taneous insertion of the protein precursorform into the

membrane bilayer [2,9]. Such unfolded membrane

form of levansucrase has been 1solated and previously
characterized {10].

' The second step, after the cleavage of the signal pep- . E
tide, results from an efficient coupling between folding f
and protein release into the exocellular medium. Such

" an-event, catalyzed by metal ions like Fe3* and Ca?*,

occurs on the external side of the membrane since
telchmc acid, a component of B. subtilis cell surface is-
known to form a continuous matrix with bound

polyvalent ‘metals [11]. This model, on the one hand,
rules out the involvement of a specific export machinery

for protein translocation in B. subtilis, the existence of :

which was recently questioned [12]. On the other hand,

it emphasizes the intrinsic property of the polypeptide

Table I

‘Values ‘of Ty, ten'lpératul‘é‘ of :the mid-point -of thérmal folding- =

unfolding transition for levansucrase at various pH

pH ‘ 8.5 65 7 7.5
Tw (COC)linthe 00 0 T
absence of EDTA ~ 44.5 40 355 31

Tm (°C)“ in the .
‘presence of S c '
EDTA (0.1 mM): ' 43.5 35 30.5 26

" % The thermal unfolding experiments were carried out in-0.1 M

‘potassium phosphate buffer in the absence and in the presence of 0.1 .

mM EDTA"

‘FL‘UORESC‘ENCE INTENSITY

0.2 e o ! q,_

!Pl

‘t -'; 8 1218
TIME (min) :

s Flg 4. Unfolding-refolding transition of levansucrase medlated by‘
* metals at pH 7 and 37°C. Unfolding was initiated by mixing 6 #l of

levansucrase stock solution (0.1 mM) with 2.85 ml of 0.1'M potassmm

.acetate, pH 7, preincubated at 37°C. The réfolding assays were pro-’
* moted by the addition (arrow) of 0.15 ml of 1 M concentration of: (a)

CaCly, (b) .SrCls, (c) BaCls, (d) MgCl; and MnClz, A possible effect:
of ionic stréngth variation was tested by the addition of 0.15ml of 2

‘M KCI solution (d). Each salt solution was prepared in 0.1-M

potassium acetate and adjusted topH 7.
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Fig. 8. Unfolding-refolding transition of tevansuerase mediated by Fe'', measured by resistinee ta degradativn by subtilisin, Unfolding was pro.

moted @rrow 1 by mixing 3 41 of enzyime stock solution (0 1 mM) with 2ml of 0,1 M patassium phosphate, pEL 7, 000 M EDYTA, preincubated

at 37°¢C, Samples (100 41) were withdrawn at the times indicated, quivkly mixed with 20 41 of o solution of 1w - mi ! subtilisin and feubated

for {8 minat 22°C. The pl wan then adjusted 10 5,5 and phenylmethylsulfonyl-fluoride (0.1 mM final concentration) was added, Refolding was

initinted (arrow 2) by udding to the renction mixture 501 of Ferrig-ammonium citeate, pH 7, Fe’* final concentration was 3 md, Then the samples

(100 4l) were withdrawn at the times indicated and treated a8 above, Sumples were assayed for levansuerise activity as deseribed in seetjon 2.
Samples were assayed for levansuerase detivity (4],

chain flexibility of the exoprotein. Such a key role of
the tertiary structure of the protein translocation has
been postulatedd to be very general [2].
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