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1. Intraduction

Yeast phosphofructokinase (PFK) exists in two
forms. An ATP-sensitive form (PFKs) is inhibited by

_ ATP concentrations higher than 0.1 mM and by Mg-

dtrate, while PFKd — the ATP-desensitized form —

is nut inhibited by these cffectors [1]. Vinuela et al.

“[1} postulated a chemieal interconversion of the two
forms by a phosphorylaticn/dephosphorylation
. mechanism catalyzed by a **desensitizing protein™. In

the frgt two papers of thus seres {2, 3 it has been

- shown that no “descnsitizing protein™ s necessary

for conversion of PFKs to PFKd. PFKs can be desen-
dized by Incubation with ADP, Fru-6-P. Mg2*, NHJ

- and F~. Since MgF* is the cifective complex of de-

., sensitizathon [3] and since the ATP desensitized form
- behaves ke an enzyme fixed in the allosteric R-state,
- 3 defined by Monoed et al. |4] . ATP-desensitized

' PFK is cailed PFKd (MgF*) [5]. In the present paper
_itis shown that the desensitization of PFKs to PFKd
(Mg ) is completely reversible. For desensitization

* all ettectors are necessary. Once in the desensitized

form. PEKd (MgF™*) could be stabilized only by Mg?*

“and F~. Complexing of Mg2* by EDTA or citrate as

* well as removal of F~ or additlon of ATP favours re-

sensitization of PFKd (MgF*) to PFKs. This resen-
sltization is 2--3 times slower than desensitization.
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2. Materials and methods

PFK was purified from baker’s yeast according to
Atwzpodien and Bode [6] . The activity of PFK and
the rate of de- and resensitization was determined as
described elsewhere [2]. By definition,

R. .. o dctivity at 0.05 mM ATP |
ATP  activity al 1.0 mM ATP ~

is characteristic for PFKd {MgF ) and R yyp > 7 for
PFKs. The desensitization was performed at 25° in a
standard desensitization mixture containing 50 mM
imidazole/HCL buffer, pH 6.8, 0.1 mM ADP, 0.1 mM
Fru-6-P, | mM MgCl,. 10 mM NH,Cl, 10 mM NaF
and 40--80 g PFKs in a total volume of 1.0 ml [3].
For resensitization cither ATP, citrate or EDTA was
added to the complete desensitization mixture or to
an aliquot of it. In some experiments the desensitized
enzyme was separated from effectors by filtration on
a Sephadex G-25 cotuma (i X 15 em). The specd of
elution was adjusted so that the enzyvme left the col-
umn 4 min aftes application to it, Nucleotides and
PFK assay enzymes were purchased from Boehringer
{Mannheim). All other chemicals used were analytical
grade reagents obtained from commercial sources.

3, Results and discussion

As shown in tabte | PFKd (MgF*) is stable 1o di-
abysis against the complete descnsitization mixture
for at least § hr, while removal of F™ from the dialyz-
ing mixture results in a resensitization. A similar ef-
fect is achieved by adding EDTA 10 the dialysis
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‘ Table 1

Resensitization of PFKd (MgF*)_._ o
Diiatysis of PFKA (MeF '} against Ratp
Completa “ilesensitization mixture™ .Y
Complcte “desensitization mnixture™ :
-F 5.6
Complete ““Jasensitization mixiure™
Mg, <46 mA EDTA 3.0
I mp Mz(Cls and 16 miM NaF in
50 mM K-PO. buffer pH 6.8 1.0

For preparation of PFKd (MgF‘) see Materials and methods.
40 pg PFKd (MzF %) in 0.5 ml of the “desensitization mix twre”
|3} were dindyzed for 5 hr at § against 250 ml of the
desensitization mix ture con:a.in'mE 0.1 mM'ADP,_(].l mM .

Fru 6-P, 10 mALl NHs, T mM Mg“" and 10 mM F~ in $0 mM
K-PO, burier pl 6.8. R ATp is defined as: activity 0.05 mM
ATP/activity a3 1.0 m:M ATP.

buffer at a finat conc. of 40 mM. for after 5 hr dialysis
the R ,1p will have reached a value of 3.0.

PFKd (MgF™) however, remains in the desensitized
form upon dialysis against 50 mM phosphate buffer,
pH 6.8, containing 1 inM MgCl, and 10 mM NaF.
These results show that Mg2* and F~ are essential to
the stabilization of PFKJA {MgF*}, while all the other
effectors necessary for desensitization of PFKs [3]
can be dispensed with after desensitization has taken
place.

Resensitization is slower than deseasitization. As
shown in fig. i PFKs is desensitized in the complete
incubation mixture within 10 min. FF EDTA is now
added in excess to Mg2* resensitization tukes place
within about 30 min. Subsequent addition of MeCl,
in congentrations exceeding EDTA results again in a
desensitization, which is at a higher rate than the re-
sensitization. The de- and re-sensitization cycle can
be repeated saveral times. In these experiments
neither AMP (5 mM) nor ATP (2 mM) have any ef-
feet on the velocity of resensitization. Removal of F~
from PFKd (MgF ") by chromatography on Sephadex
G-25, equilibrated with a normal desensitization mix-
ture—F * pave comparable results.

ATP and citrate ulso resensitize PFKd (MpF*). As
depicted in fig. 2, addition of | mM ATP to the de-
sensitizing miXture leads to a slow resensitization of
PEKd (MgF™) to PFKs. If .05 mM ATP is added to
the desensitization mixture, no rescusitization oceurs.
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Fiz- 1. Desensitization and resensitization of PFK. The dese.
sitization was carried cut in {he standard desensitization mix.
tare (#). After 10 min incubation 2 mM EDTA were addeq
tor an aliquot of the desensitization mixture (1, 2}, After
another 30 min the desensitication was again started by udd;.
tion of 5 mM MgCl5 (i, v). - — — = contral.

Bzcause FFKs shows strong inhibition by 1.0 mM
ATP, whereus at 0.5 mM there is none [2_5], this
means that only concentrations of ATP inhibitory
for PFKs favour resensitization of PFKd (MgEF™").
Further increases in the ATP concentration up to 5
mM do not further enhance the velocity of resensi-
tization. Resensitizaticn occurs at the same vetocity

lp . 15 23 32 40 &g ¢ime)
I e e
R ——
1- -
o R
‘eg i
24 2,
g
3‘ ‘\\
l“g‘\
<
%
Rnrp"

Fig. 2. Resensitization of PFEKd (Mg¥F*) by ATP and citrate.
The desensitization of PFKs was performed in the standard
desensitization mixture. After & min the indicated vifectors
were added to aliquots of the dosensitization mixture:
X = control, o = £} mM citrate, « = LU mM Mg-citrate,
=005 mMATP, o= 1.0mM ATP, 4 = 5.0 mM AT
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rggar.l!ess of whether ATP of Mg-ATP (1:1) is added
to the desensitization mixtuere. On the other hand,
citrate is not effectivc as an Mg—citrate complex. Re-
gensitization proceeds more slowly with 10 mM
citrate than with 1 mM-ATP.

These experiments show that the desznsitization
of PFKs to PFKd (MgF*) is complclely reversible .

ADP + Fru-6.P + NHJ + Mp2® «F
PEKs <

—Mg?* or —F~ o5 +ATP

As repmted in the second paper of this series {3]
ADP, Fru-6-P, NHj, Mg2* and F~ favour desensitizu-
tion concertedly. Once desensitized the enzyme could
be stabilized in that form by Ma2* and £~ alone. If
Mg*, F~ or both are removed from PEKd (MgF*)
the enzyme is reconverted to PFKs. ATP and citrate,
which are inhibitors of the desensitization [3], cause
a resensitization when added to the complete desen-
sirization mixture.

ATP effects resensitization not by complexing
Mg2*, which is an obligatury effector of desensitiza-
tion. Rather it apparently binds directly to
PEKd (MgE™) at a site distinct from that for MgF*;
at sufficiently high concentrations ATP elicts a slow
resensitization. Citrate, on the contrary, pernits re-
sensitization in that it complexes with Mg2*, as does
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EDTA. [n the presence of 10 M citrate the concen-
tration of free Mg2* in the reaction mixture is about
0.1 mM. Under these conditions the concentrion of
the MgF* complex is too small to fix PFKd as

PFEd (MgF*¥). An ATP-insensitive form of yeast PFK
was obtained by Salus et al. [7] and Freyer et al. [81
after tryptic degradation of PFKs. The reversibility of
the desensitization rules out any proteolytic mech-
anisms.
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