Volume 271, number 1,2, 211-214

FEBS 08928

October 1990

CTP-dependent endogenous ADP-ribosylation of a 38 kDa protein in
HL-60 cell membranes

Naoko Morinaga, Masatoshi Noda and Iwao Kato

Second Department of Microbiology, School of Medicine, Chiba University, 1-8-1 Inohana, Chiba 280, Japan

Received 2 August 1990

Incubation of membranes of human promyelocytic leukemia HL-60 cells with F?PINAD led to ADP-ribosylation of several proteins including a
38 kDa protein by endogenous ADP-ribosyltransferases. The ADP-ribosylation of the 38 kDa protein was distinctly different from others on the
basis of pH dependency and heat stability at S0°C, suggesting that there are at least two endogenous ADP-ribosyltransferases. It was enhanced
by CTP, but not affected by ATP, GTP and UTP, whereas it was inhibited by GTP;S. [a-*?P]CTP bound to the 38 kDa protein immobilized on
a nitrocellulose sheet, indicating that the 38 kDa protein which bound CTP is strongly ADP-ribosylated by an endogenous ADP-ribosyltransferase.

ADP-ribosylation; CTP; GTPyS; (HL-60 cell)

1. INTRODUCTION

A variety of microbial toxins, i.e. diphtheria [1,2],
cholera, pertussis toxins [3] and staphylococcal a-toxin
and leukocidin [4] are known to have mono-ADP-
ribosyltransferases, which catalyze transfer of an ADP-
ribose moiety of NAD to the target cellular GTP-
binding proteins. Recently, the existence of endogenous
ADP-ribosyltransferases in eukaryotic cells has been
published and characterized [5—8]. To elucidate the en-
dogenous substrates of the ADP-ribosyltransferases
and the roles of cellular ADP-ribosyltransferases,
several works have been published [9—14]. We have
studied endogenous ADP-ribosylation of HL-60 cell
membranes and found that there were two types of
ADP-ribosyltransferase. Interestingly, one of the
transferase activities which ADP-ribosylated a 38 kDa
protein was stimulated by CTP, and the 38 kDa protein
bound [**P]JCTP. We also studied several
characteristics of the ADP-ribosylation. This report is
the first publication reporting that endogenous ADP-
ribosylation of HL-60 membrane protein is controlled
by CTP and GTP,S.

2. MATERIALS AND METHODS

2.1. Chemicals

[a-**PINAD (spec. act. 800 Ci/mmol) and [a-**P]CTP (spec. act.
3000 Ci/mmol) were purchased from New England Nuclear. ATP,
GTP, CTP, UTP, CDP and NAD were from Sigma. Cholera toxin
subunit A was purchased from List Biochemical Laboratories and
pertussis toxin was from Funakoshi.
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2.2. Membrane preparation

HL-60 cells were grown in RPMI 1640 containing 10% fetal bovine
serum at 37°C in a humidified atmosphere of 5% CO;. The cells were
washed with phosphate-buffered saline, suspended in homogeniza-
tion buffer containing 20 mM Tris (pH 7.5), 0.25 M sucrose, 2 mM
EDTA, 0.5 mM EGTA and 0.2 mM phenylmethylsulfonyl fluoride,
and kept for 10 min at 4°C. The cells were sonicated for 30 s and cen-
trifuged at 2000 x g for 10 min. The supernatant was then centrifug-
ed at 105000 x g for 1 h and the pellet was suspended in the
homogenization buffer without 0.25 M sucrose and stored at -20°C
as membranes.

2.3. Assay of ADP-ribosylation

Membranes (80 xg protein) were incubated for 60 min at 37°C in
a volume of 200 x! containing 100 mM Tris buffer (pH 7.5), 10 mM
thymidine, 1 mM EDTA, SmM MgCl,, | xM NAD, 2 mM
dithiothreitol and 5 x4Ci [a->**P]NAD. Reactions were terminated by
the addition of 800 xl of 10% trichloroacetic acid, kept for 30 min at
4°C and centrifuged for 10 min at 7000 x g. The pellets were dissolv-
ed in 1% SDS/5% mercaptoethanol, boiled for 10 min at 60°C and
resolved in SDS-polyacrylamide gel (10%) electrophoresis by the
method of Laemmli [15]. Gels were autoradiographed with a Kodak
X-Omat film with an intensifying screen at ~80°C for 20 h.

2.4. [o-PPJCTP binding

The experiment performed referred to [«->*P]GTP-binding experi-
ment to G proteins on nitrocellulose sheets [16,17]. 100 g of HL-60
cell membranes was applied to a 15% SDS-polyacrylamide gel and
transferred to a nitrocellulose sheet. The sheet was incubated in
100 m! of 50 mM Tris-HCI (pH 7.5) containing 5 mM MgCl,, 0.1%
BSA for 18 h at 4°C and then incubated with 1 nM [a-**P]CTP
(2 #Ci/ml) in 20 ml of the same buffer including 1 uM CTP or 1 mM
CTP for 18 h at 4°C. The sheet was washed ten times with the buffer,
dried and autoradiographed with a Kodak X-Omat film with an in-
tensifying screen at —80°C for 3 days.

3. RESULTS AND DISCUSSION

We have studied endogenous ADP-ribosylation in
HL-60 cell membranes. 80 «g of the membrane pro-
teins was incubated with 5 xCi [**P]NAD at 37°C for
the indicated time, and membrane proteins were
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Fig. 1. Endogenous ADP-ribosylation of HL-60 cell membranes.
Membrane preparations of HL-60 cells (80 xg) were incubated with
5 uCi [a-P]NAD for the indicated time at 37°C. The samples were
subjected to 0% SDS-polyacrylamide gel electrophoresis and
autoradiogram of the gel of the labeled proteins is shown.

separated by SDS-polyacrylamide gel electrophoresis.
As shown in Fig. 1, [*P]NAD led to covalent
modifications of 118, 93, 75, 58 and 38 kDa proteins.
Treatment of the 3*P-labeled membranes with 30 U/ml
snake venom phosphodiesterase at 37°C for 2 h [18]
eliminated most of the radiolabel from these proteins,
indicating the proteins were ADP-ribosylated. Since the
reaction mixture contained 10 mM thymidine, which is
a high enough concentration to suppress poly-ADP-
ribosylation [19], these modifications are likely to be
mono-ADP-ribosylation by endogenous ADP-
ribosyltransferases. The incorporation of radiolabel
from [**P]NAD into 118 kDa protein was maximum at
10 min and gradually decreased (Fig. 1), suggesting
that de-ADP-ribosylation reaction might exist.
However, the incorporation into other proteins ap-
peared later than 5 min, and radiolabel into 58 and
38 kDa proteins increased up to 1h. The ADP-
ribosylation of 118, 93, 75 and 58 kDa proteins was
markedly increased in the alkaline range, but the ADP-
ribosylation of the 38 kDa protein was not affected by
the pH range from 6.0 to 9.0 (data not shown). To
characterize these ADP-ribosylations, we examined the
heat stability of membrane at 50°C. As shown in
Fig. 2, preincubation of the membrane for 1 min at
50°C abolished the ADP-ribosylation of 93, 75 and
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Fig. 2. Stability to 50°C. Membranes were preincubated at 50°C for
the indicated time and ADP-ribosylation reaction was carried out as
described in section 2. Autoradiogram of the gel is shown.

58 kDa proteins completely and most of the 118 kDa
protein. However, ADP-ribosylation of the 38 kDa
protein occurred even after 10 min incubation at 50°C.
Further, it was found to be stable at 55°C for 5 min
and decreased by 65% at 60°C for 5 min (data not
shown). These data suggested that there were at least
two types of ADP-ribosyltransferases in HL-60 cell
membranes. One of the enzymes may ADP-ribosylate
118, 93, 75 and 58 kDa proteins and the optimal pH
range is in alkaline condition. This enzyme is labile at
50°C for 1 min. The other enzyme may ADP-ribosylate
38 kDa proteins and is not affected by pH 6-9. This
enzyme is stable at 55°C for 5 min.

In further experiments, we focused on the 38 kDa
ADP-ribosylation and all the other ADP-ribosylation
experiments were performed in physiological condi-
tions (pH 7.5). Fig. 3A shows the effects of 500 xM of
various nucleotides on the ADP-ribosylation of the
38 kDa protein. ADP-ribosylation of the 38 kDa mem-
brane protein was significantly enhanced by CTP and
partially inhibited by GTP+S, but not affected by ATP,
GTP and UTP. To confirm the effects of CTP and
GTP»S on the ADP-ribosylation of the 38 kDa pro-
tein, the ADP-ribosylation assay was performed at
various concentrations of CTP or GTP»S. As shown in
Fig. 3B, the stimulatory effect of CTP on the ADP-
ribosylation of the 38 kDa protein was maximum at
250 uM. 500 uM of CDP had no effect on the ADP-
ribosylation (lane 7). GTP4S inhibited the ADP-
ribosylation dependent on the dose, and 1 mM GTPyS
inhibited the 38 kDa ADP-ribosylation completely
(Fig. 30).



Volume 271, number 1,2

A1 23 4 56 i

Fig. 3. The effect of nucleotides on the endogenous ADP-
ribosylation of 38 kDa protein. The autoradiogram of the gel is
shown. {A) ADP-ribosylation was carried out in the presence of
500 xM of various nucleotides. Control {lane 1), GTP»S (lane 2),
GTP (lane 3), ATP (lane 4), CTP (lane 5) and UTP {lane 6). (B}
ADP-ribosylation was carried out in the presence of various
concentrations of CTP and CDP. Control (lane 1), 50 xM CTP (lane
2), 100 zuM CTP (lane 3), 250 xM CTP (lane 4), 500 uM CTP (lane
5), 1mM CTP (lane 6) and 500 xuM CDP (lane 7). (C) ADP-
ribosylation was carried out in the presence of various concentrations
of GTP4S. Control (lane 1), 100 zM (lane 2), 250 x4M (lane 3),
500 xM (lane 4) and | mM (lane 5).

The ADP-ribosylated 38 kDa protein was distinct
from the G;j (40 kDa) that was ADP-ribosylated by per-
tussis toxin or G; (44 kDa) that was ADP-ribosylated
by cholera toxin (Fig. 4).

It was reported that binding of GTP4S to G; decreas-
ed its ability to serve as a pertussis toxin substrate [20]
and ADP-ribosylation of Gy is enhanced by GTP [21].
However, there is no report of CTP-dependent ADP-
ribosylation. Our hypothesis is that the 38 kDa protein
might be a CTP-binding protein. To examine if the pro-
tein could bind CTP or not, HL-60 cell membrane pro-
teins on the SDS-polyacrylamide gel were transferred to
a nitrocellulose sheet and at the same time, ADP-
ribosylated membranes were transferred to the same
sheet to check the mobility of the 38 kDa protein.
[2-**P]CTP binding to the proteins immobilized on the
sheet was performed [16,17]. As shown in Fig. 5, the
ADP-ribosylated 38 kDa band moved at the same posi-
tion as one of the CTP-binding proteins, whose
radioactivities were completely suppressed by | mM
non-radioactive CTP. These data suggested that the
38 kDa protein in the CTP-binding state might be
strongly ADP-ribosylated by an endogenous ADP-
ribosyltransferase. Further, GTP4S suppressed the
ADP-ribosylation, suggesting that the 38 kDa protein
might be a GTP-binding protein and GTPS suppresses
the ADP-ribosylation by the similar mechanism as
ADP-ribosylation by pertussis toxin.

In the present work, we showed that there were two
types of ADP-ribosyltransferases. To advance our
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Fig. 4. ADP-ribosylation of HL-60 cell membranes by cholera and
pertussis toxins. The mobility of the 38 kDa protein which was ADP-
ribosylated by endogenous ADP-ribosyltransferase (lane 1) was
compared to G, ADP-ribosylated by cholera toxin subunit A (lane
3), and G; which was ADP-ribosylated by pertussis toxin (lane 2).
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Fig. 5. [o-**P]CTP binding to HL-60 cell membranes immobilized on
a nitrocellulose sheet transferred from SDS-polyacrylamide gel.
About 100 xg of membranes were applied to two columns of 15%
SDS-polyacrylamide gel and [**PJADP-ribosylated membranes were
also applied to another column of the same gel. They were
transferred to a nitrocellulose sheet and [**P]CTP binding was
performed as described in section 2. ADP-ribosylation (lane 1), and
[**P]CTP binding in the presence of 1 M CTP (lane 2) and | mM
CTP (lane 3). The data shown are representative of three similar
experiments.
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work, purification of the enzymes and substrate must
be done. As the endogenous ADP-ribosyltransferases
have not yet been associated with specific cellular func-
tions, the study of physiological function of CTP-
dependent endogenous ADP-ribosylation is under way.
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