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A ﬂmeulmyle \mnslmmn symm was dcplcmd of functionsl EF-2 by tresiment with diphtheria texin (DT) feagment A und NAD. Aflier dinlysix

1a remove NAD, the system wis recenstituied using prepurations of EF.2 derived from pyBHK cells. Untreated and reconstituied lysates permitted

similar ratex of translnlion. As expeeted, when DT treated EF-2 way used (o reconstituie the system, no translation oceurred. Furthermore EF.2,

reucting with the endogenous ADP-ribiasyl transferase from pyBHK cells, was dlso unuble to restore prawln synthesis in the réconstituted system.
. Thcse studies xuggcst thisy eukuryuhc cellular ADl‘-nbosyl transferases may pmy u role in regulmmg prmicn symhcm

ADP nbusyl lmml‘amsc. EF.2; Protein synlhexir Diph\herm taxin: PyBHK wll

18 INTRODUC‘TION z

Diphtheria toxin (DT) and Pseudomonus exotoxin

kill cells by catalyzing the specific ADP-ribosylation of -

eukaryotic elongation factor 2 (EF-2) at a modified
histidine residue, termed  diphthamide [1}, thereby
functionally inactivating the molecule and inhibiting
protein  synthesis. Cellular mono = (ADP-ribosyl)
transferases with siinilar activity have been isolated

from . various - sources including - polyoma. virus

transformed baby hamster kidney (pyBHK) cells [2,3],
turkey erythrocytes (4] and bovine liver {5]. In this
report'we show that preparauons of EF-Z from pyBHK
cells, which are modified either by diphtheria toxin or
by the endogenous ADP-ribosyl transferase, are no
longer functional in an in vitro translation system.
These results suggest that  cellular ~ ADP-ribosyl
transferase may play a;rdle in regulating translation.

2. MATERIALS AND METHODS

2.1, Prc'paranon and quanmauon of EF-2 :

EF-2 was isolated from pyBHK cells as described [2,3] and quan-
titated by the pracedure of Gifl-arid Dinius (6]. Briefly, 10 x| of EF-2
was reacted with 0.05 ug of DT fragment A for 20 min at 22°C in
0.1 ml (containing 6.33 M [U-"*C-adenosine):NAD
(554 mCizmmol; NEN), 1 mM dithiothreitol and 25 mM Tris-HCl
(pH 8.0)). Trichloroacetic acid (TCA)-precipitable radioactivity was
collected on Millipore filters and counted by liquid scintillation. EF-2
content of. reticulocyte lysates was determined similarly, except
lysates were pretreated with 0.5 M NaCl to free EF.2 from
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ribosumes, and adsorbed with charcoal (Notit SG) to remove ¢n-
dogenous NAD, and a histamine-containing buffer way used (6},

2.2 Mod:/lwlmn of EF-2

-Aliquots ol EF-2 were madified by addition of eslhcr eudagcnuus
ADP-ribosyl transferase or 0.05 xg.of DT fragment A to 0.1 ml reac-
tion volume (containing 25 mM  Tris-HC! (pH 8.0), | mM

. dithiothreitol and 100 ug EF-2x NAD or ["*C-adenpsine)-NAD) and

were incubated at 22°C, until maximum transfer of radiolabel to a

. TCA-precipitable form had occurred. Reaction mixtures were then
- dialyzed extensively against buffer A (7] at 0°C : : -

23, In vum transiation system ‘
Rabbit reticulocyte lysates were prepared as dcscnbcd [8] Aliguots
were treated with 37 4g/ml DT fragment A [9] and 50 xg/ml NAD

At 20°C for 15 min 1o inactivate endogenous EF-2. Portions of this

inactivated lysate were then dialyzed extensively against de-ionized
water at 0°C to remove NAD, and dialyzed lysates were reconstituted
by addition of EF-2 (see above). Translation reaction mixture was ali-
quoted from a stock composed. of 800 4! lysate, 10 41 of 10 ‘mg/ml-
creatine phosphokinase, 50 x) 0f 0.3 M creatine phosphate in 10 mM.
Tris-HCL(PH 7.5), 50 4l of 2 M KCI, 100 4! of the 19 essential amino
acids at 0.5 mM each, 6 4! of 4 mM hemin, 10 4! of 400 mM MgCl
and 6 41 of 200 mM dithiothreitol. EF-2, ADP-fibosylated EF:2 or
NAD were added as needed, and reactions wer¢ incubated at 30°C
for 3 min, chilled to 0°C and then comp]eted by addition of 5 ! of .

- {PHjleucine (56.5 Ci/mmol; NEN}, prior to incubation-at 30°C. in-.

corporation of radiolabel into protein was measured by liquid scm*
tiflation counting of TCA-precipitable miaterial;

3. RESULTS

Reticulocyte lysates were determined to contain

- 90 4g/ml endogenous EF-2, which was reduced to an

effective concentration of 2.7 #ug/ml after treatment
with DT fragment A and NAD. Following dialysis, the

cell-free translation system was reconstituted by addi-

tion of pyBHK EF-2. Residual EF-2in the fragment A-
treated system accounts for the low level of protein syn-
thesis that is observed in the absence of exogenous
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Fig. 1. Reconstitution. of the reticulogyle ranslation system with

indicated amounts of exogenous pyBHK.derived EF-2 (lysates were

depleted of endogenous EF-2{ reaction volume = 0.1 ml; see section
2). Data are averages from at least iwo experiments.

EF-2, while addition of increasing amounts of pyBHK

EF-2 results in progressive augmentation of protein
synthesis (Fig. 1). At an exogenous EF-2 concentration
of 68 ug/ml the rate of protein synthesis in the
reconstituted system is equivalent to that of the un-
treated reticulocyte lysate (data not shown).
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Fig. 2. Reconstitution of the reticulocyte translation system by
addition of exogenous. E}-2 (55 ug/ml), either untreated (EF-2),
mock-treated (EF-2 x mock) or modified using diphtheria toxin

(EF-2 x DT) or the pyBHK-derived cellular ADP-ribosyl transferase -

: (EF-2 x ADPR). Data are averages from at least two experiments.
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PyBHK EF-2 was modified in vitro by the en-
dogenous ADP ribosyl transferase or by DT fragment
A in the presence of [C-adenosine]-NAD. This en-
abled us to determine the reaction kinetics for the two
enzymes and thereby to aseertain the incubation time
required for complete modification of EF-2. The ability
of ADP-ribosylated EF-2 to recanstitute the fragment

‘A-treated translation system was then examined. As ex-

pected ADP-ribosylation of EF-2 by DT fragment A
abolished its ability to reconstitute the cell-free protein
synthesis system. In addition, EF-2 modified by the en-
dogenous ADP-ribosyl transferase was also inactive in
the in vitro system, whereas mock-treated EF-2 (re-
acting with transferase in the absence of NAD) retained
its funcuonahty (Fig: 2).

4, DISCUSSION

We have previously identified an endogenous ADP-
ribosyl transferase in mammalian cells which is able to
modify the same d;phthamnde residue of EF-2 that is
affected by bacterial proteins such as Pseudosmonas ex-

~ otoxin and diphtheria toxin [2,3]. We now provide

evidence that the cellular enzyme not only ADP-
ribosylates EF-2, but that it also leads to functional in-
activation of the molecule, thereby mhxbmng protem
synthesis,

There is strong biochemical cvxdence to suggest that
the EF-2 molecule itself c¢contains an ADP-ribosyl
transferase activity, which can be activated during
purification of the protein in vitro. We believe that this
is probably due to conformational changes in the pro-
tein, since we expect ADP-ribosyl transferase activity
to be under stringent control in vivo, Interestingly,
there is significant similarity between the enzymic do-
mains of the bacterial toxins [10,11] and mammahan
EF-2 (Fig. 3). We are currently investigating the
possibility that carboxy terminal subfragments of EF-2
may contain an active enzymic site. The data presented
suggest that auto-ADP-ribosylation of EF-2 may repre-
sent’ an important control mechanism in eukaryotic
cells, perhaps regulating peptide chain elongation (e.g.
during the translocation of proteins across the en-
doplasmic reticulum [12]). :

Finally, the potential toxicity of an endogenous
ADP- ribosyl transferase could be exploited in anti-
tumor or anti-viral drugs. Pseudomonas éxotoxin (PE),
for example, has been fused to the ceflular ligand CD4,
to produce a hybrid PE-CD4 protein which. possesses
potent - cytotoxicity for HIV-infected = cells [13].
However, PE- CD4 is highly immunogenic and an-
tibodies against the protein are likely to interfere with
its efficacy in vivo [14]. In contrast, a hybrid toxin bas-

" ed on the cellular enzyme.-would be expected to be far

less immunogenic and thus cons:derably more efn
fective.
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BEGIONAL SIMILARITY:
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a (100 50% ID; 20% CONS ~  40% ID; 30% CONS
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Fig. 3. Amino-acid similarity between the enzymic domains of Pseua’omonas exotoxin (PE) and diphtheria toxin (DT), and the carboxyl terminal

half of human EF-2, showing identical (+, ID) and conservatively substituted residues (|, CONS). Experimentally identified active site residues

in PE and DT are indjcated in bold {10,11]; regions (i)~-(iii) were identified by Collier [10]. Sequence analysis was performed wnh GCG software
[15]. using Lhe algomhm of Needleman and Wunsch [16]. ‘
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