PARTIAL RECONSTITUTION OF RIBOSOMES

Partial Reconstitution of Active Ribosomes and 50S

Subunits®
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ABSTRACT: Escherichia coli ribosomes and their 50S sub-
units disassembled by LiCl treatment can be reconstituted
into structurally completed but inactive particles. However,
peptidyltransferase and polyphenylalanine synthesizing ac-
tivity can be partly recovered by the addition of methanol to
the reconstitution system. Furthermore, entirely active ribo-

Reconstitution of active ribosome subunits of Escherich-
ia coli from their resolved components has been achieved in
the case of the 30S (Traub and Nomura, 1968) but not in
the case of the 50S subunit. However, partial reconstitution
of the 508 subunits from their protein-deficient derived par-
ticles (cores) and split proteins has been extensively used in
studies of the ribosomal structure with fruitful results
(Staehelin et al., 1969; Ballesta et al., 1971; Nierhaus and
Montejo, 1973). Even in this case, however, the loss of more
than 14 to 16 proteins makes the cores unable to reconsti-
tute into active particles.

Treatment with 2M LiCl has been used to study the re-
lease of the 5S RNA from the 50S subunit (Marcot-Queir-
oz and Monier, 1967; Yu and Wittman, 1973a,b). This
treatment releases about 20 proteins and the 5S RNA
which, upon dialysis of the salt, can reconstitute inactive
50S subunits. According to Yu and Wittmann (1973a) it is
precisely the loss of the 5S RNA that determines the inabil-
ity of the resulting cores to reconstitute active particles,
since the 5S RNA cannot be reintegrated into the ribosom-
al structure in the proper position.

Short-chain alcohols, specially methanol and ethanol,
modify ribosomal structure by inducing conformational
changes which affect ribosomal function (Monro and
Marcker, 1967; Monro et al., 1969; Scolnick and Caskey,
1969; Hamel and Nakamoto, 1972; Ballesta and Vazquez,
1972a,b, 1973). We have observed that these alcohols facili-
tate the reconstitution of LiCl-treated ribosomes and the re-
sults obtained are presented in this paper.

Experimental Section

Materials

Ribosomes were prepared from E. coli D-10 by grinding
with alumina and washing with buffers containing 1 M
NH4Cl as previously described (Ballesta and Vazquez,
1972b). Subunits were prepared by sucrose gradient cen-
trifugation in a zonal rotor (Eikenberry et al,, 1970). Both
particles were stored in liquid nitrogen or unfrozen at —20°
in buffers containing 50% glycerol. Labeled aminoacyl-
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somes and 50S subunits are reconstituted when methanol is
present during the initial treatment with LiCl to disassem-
ble the ribosomal components. The presence of methanol
(10% v/v) during this treatment diminished the release of
some proteins but does not affect the separation of the 5S
RNA.

tRINAs were obtained by charging commercial tRNA
with[3H]phenylalanine or [*H]leucine (7.83 and 50.5 Ci/
mmol, respectively; The Radiochemical Centre, Amersham,
England). From the [*H]Leu-tRNA the fragment C-A-C-
C-A-Leu-Ac was obtained as described (Monro, 1971). [v-
32P]GTP was prepared according to Glynn and Chappell
(1964). Elongation factor G (EF G) was prepared following
the method of Parmeggiani et al. (1971). *H]GDP (5 Ci/
mmol) was purchased from The Radiochemical Centre,
Amersham, England.

Methods

LiCl Treatment of Ribosomes. The particles were resus-
pended at a final concentration of either 2.5 or 1 mg/ml in
a buffer containing the indicated LiCl concentration and ei-
ther 2.5 mM Tris-HCI (pH 7.4) and 2.5 mM MgCl; in the
former case or 10 mM Tris-HC1 (pH 7.4) and 10 mM
MgCl; in the latter. Methanol, when present, was added at
10% (v/v) final concentration. The samples were kept at 4°
for S hr and then either centrifuged in a Spinco 65 rotor for
4 hr at 65,000 rpm to separate the core particles from the
split proteins or dialyzed for 20 hr against buffer [ (60 mM
NH.Cl, 10 mM Tris-HCI (pH 7.4), 10 mM MgCl,, and 6
mM B-mercaptoethanol), with four changes of the buffer,
for reconstitution experiments. After dialysis the reconsti-
tuted particles were again pelleted by centrifugation and re-
suspended in the dialysis buffer at 25 mg/ml. Methanol was
added to the dialysis buffers when required during the LiCl
treatment.

Release of the 5S RNA by LiCl treatment was deter-
mined by Sepharose 6B filtration. The reaction mixtures
(650 ul, containing 635 ug of S0S subunits) were treated
with 65 ul of 37% formaldehyde and left at room tempera-
ture for 20 min; they were then dialyzed for 12 hr against
10 mM Tris-HC! (pH 7.8), 10 mM MgCl,, and 30 mM
NH.C], filtered through columns (17 X 0.6 cm) of Seph¥fr-
ose 6B, and eluted with the same buffer. The cores and
other high molecular components of the mixture are exclud-
ed and the 5S RNA and split proteins are eluted as a small
peak of ultraviolet (UV) absorbing material.

Reactivation of the Reconstituted Ribosomes. The re-
constitution mixtures were incubated at 50° for the re-
quired time at 2 mg/ml final concentration in 20 mAM Tris-
HCI buffer (pH 7.8), containing 350 mM NH4Cl, 20 mM
MgCl,, and 1 mM B-mercaptoethanol. Methanol (20%)
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FIGURE : Reactivation of the peptidyltransferase activity of 2 A LiCl treated ribosomes: (A) ribosomes; (B) 50S ribosomal subunits. Con-
trol (open symbols) and treated particles (filled symbols) were incubated in the presence (dashed lines) or in the absence (continuous lines) of 20%
methanol as described in the Experimental Section. Aliquots were taken at the indicated times and the peptidyltransferase activity was assayed in
the fragment reaction. The reaction mixtures (0.1 ml) contained 1 mg/ml of ribosomal particles, 40 mM Tris-HC! (pH 7.4), 20 mM MgCl,, 0.27
M KCl, 0.175 M NH,Cl, 0.5 mM 2-mercaptoethanol, 1 mM puromycin, and 0.073 uM C-A-C-C-A-Leu-Ac. The reaction was initiated by addi-

tion of 50 ul of methanol.

was added when required. The samples were cooled at 0°
after incubation and aliquots directly taken for activity
assay. The samples were dialyzed against buffer I for 6 hr
when the elimination of the alcohol was required.

All assays for ribosomal activities were according to
methods previously described (Ballesta et al., 1974; Modo-
lell and Vazquez, 1973). Two-dimensional electrophoresis
of ribosomal proteins on polyacrylamide gels was carried
out as described (Kaltschmidt and Wittman, 1970) with
proteins extracted by acetic acid (Hardy et al., 1969).

Results

Activity of 2 M LiCl Ribosomes. We confirmed that ei-
ther 70S ribosomes or 50S ribosomal subunits treated with
2 M LiCl and reconstituted by dialysis under the conditions
described in the Experimental Section were inactive in poly-
phenylalanine synthesis, as well as in the fragment reaction
assay for peptidyltransferase activity (Figure 1) (Reynier
and Monier, 1968; Yu and Wittmann, 1973a). Incubation
of these particles at 50° in the ionic conditions described by
Maglott and Staehelin (1971) slightly reactivated the pepti-
dyltransferase activity of the ribosome. However, marked
stimulation was obtained with 20% methanol or ethanol
present during the incubation. Under these conditions up to
60% of the control activity of 50S subunits was recovered
(Figure 1).

Effect of Ribosomes and LiCl Concentration. The num-
ber of proteins released during the LiCl treatment depends
on the salt and ribosome concentrations (Homann and Ni-
erhaus, 1971). We studied the peptidyltransferase activity
of 508 subunits treated with different LiCl concentrations,
dialyzed, and subsequently incubated for reconstitution at
50° for 30 min (Table I). The results indicate, as expected,
that the reconstitution was poorer when the treatment was
more drastic, but even after treatment with 2 M LiCl and 4
M urea, which virtually releases all the proteins of the 50S
subunit, significant reactivation of peptidyltransferase was
obtained by incubation in the presence of methanol.

Effect of RNase Inhibitors on Reconstitution. A number
of workers have described a nucleolytic activity on the 50S
1504 1975
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Table I: Reconstitution of the Peptidyltransferase Activity
of LiCl-Treated Ribosomes.a

Reactivation at 50°

— Methanol

+ Methanol
Treatment of Ribosomes ("7 Control) (% Control)
2M LiCl+ 2.5 mg/mi of ribosomes 60 20
2 M LiCt + 1mg/ml of ribosomes S1 18
4 M LiCl + Img/ml of ribosomes 40 13
2 M LiCl + 4M urea + 2.5 mg/ml of
ribosomes 30 3

a Conditions are as described in the Experimental Section.
In the control assays with untreated ribosomes from 6 to 8
pmol of N -acetylleucylpuromycin was synthesized.

subunit responsible for the autodegradation of ribosomes
(Szer, 1969; Staehelin et al., 1969; Ceri and Maeba, 1973).
Indeed, this RNase activity acting on the ribosomal RNA
during LiCl treatment and even during incubation for re-
constitution might interfere with the latter. Since Ceri and
Maeba (1973) stated that HgCl> and methanol inhibit the
autodegradation of ribosomal RNA, we have studied the ef-
fect of the addition of these components during the LiCl
treatment, and in the incubation for reconstitution, on the
subsequent activity of the treated particles. HgCl, com-
pletely inactivated the LiCl-treated particles at concentra-
tions which did not inhibit ribosome activity. Thus, HgCl,
strongly interferes with reconstitution of the S0S subunits
from their derived cores. However, the addition of 10%
methanol during the LiCl treatment considerably improved
the recovery of ribosome activity. Almost 100 and 80% of
the peptidyltransferase activity of LiCl-treated 50S sub-
units and ribosomes, respectively, could be reconstituted by
incubation at 50° for 30 min (Figure 2) plus 20% methanol
in the standard conditions. Up to 50% of the peptidyltrans-
ferase activity was recovered in a similar system in the ab-
sence of methanol.

Especially interesting is the drastic effect of methanol on
the phenylalanine polymerizing activity of LiCl-treated ri-
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FIGURE 2: Reactivation of peptidyltransferase activity of ribosomes treated with LiCl in the presence of methanol: (A) ribosomes; (B) 50S ribosom-
al subunits. Controls (open symbols) and treated particles (filled symbols) were reactivated in the presence (dashed lines) or in the absence (contin-

uous lines) of 20% methanol and tested for activity as indicated in Figure 1.
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FIGURE 3: Peptidyltransferase activity and polyphenylalanine synthe-
sis by LiCl-treated ribosomes. Treated ribosomes in the presence (open
symbois) and in the absence (filled symbols) of 10% methanol were
reactivated by incubation at 50° (with no ethanol) and directly tested
for polyphenylalanine synthesis (dashed lines) and peptidyltransferase
activity (continuous lines). Samples for polymerization assays (0.1 ml)
contained 0.25 mg/ml of ribosomes, 60 mM Tris-HCl (pH 7.4), 20
mM MgCl,, 60 mM KCI, 175 mM NH4Cl, 5.5 mM 20mercaptoethan-
ol, 0.5 mM GTP, 0.077 uM [*H]phenylalanine-tRNA, 0.1 mg/ml of
poly(U), and 10 ul of S-100 supernatant from centrifugation at
100,000g. Conditions for peptidyltransferase activity were as in Figure
1.

bosomes. 2 M LiCl-methanol treated ribosomes recovered
almost 100% of their polyphenylalanine synthesizing activi-
ty upon incubation at 50°, whereas the same treatment was
hardly effective in restoring activity of 2 M LiCl treated
particles (Figure 3). The peptidyltransferase activity of the
same samples, as measured by the fragment reaction assay,
is also presented in Figure 3. It will be seen that particles
that are very active in phenylalanine polymerization are
comparatively less active in the fragment reaction assay. In-
cubation in the presence of methanol is required for maxi-
mal recovery of the peptidyltransferase activity as already
noted.

EF G Dependent Activities of LiCl-Treated Ribosomes.

Table II: Reconstitution of EF G Dependent GTPase
Activity of LiCl-Treated Ribosomes.@

Molecules of GTP Hydrolyzed per Ribosome

Reconstitution — Reconstitution +

Methanol Methanol
Incubation Incubation

Treatment of No Incu- at 50° for No Incu- at 50° for
70S Ribosomes bation 30 min bation 30 min
Experiment 1

Control 72.3 74.9 71.9 73.0

LiCl1 43.0 78.7 75.4 69.1
Experiment 2¢

Control 71.1 66.9 §9.4 74.7

LiCl 67.4 80.0 107.9 79.4

a The tests for EF G dependent GTP hydrolysis were car-
ried out at 30° for 5 min in 50-ul reaction mixtures con-
taining 1 mg/ml of ribosomes, 25 mM Tris-HCI buffer (pH
7.4), 15 mym MgCl,, 175 mym NH,Cl, 0.5 mM 2-mercapto-
ethanol, 30 uM [v-*?P] GTP, and about 0.01 mg/m] of EF
G. BLIQ1 treatment of the ribosomes was carried out in the
absence:of methanol. ¢LiCl treatment of the ribosomes was
carried out in the presence of 109% methanol.

As is shown in Table 11 the EF 2 dependent GTPase activity
is more easily recovered by LiCl-treated particles than the
other activities studies. When the LiCl treatment was car-
ried out in the absence of methanol (experiment 1, Table
IT) the reconstituted particles showed 60% of the control ac-
tivity even without incubation for reactivation. Further-
more, the recovery was 100% after 30-min incubation at
50° or simply by addition of 20% methanol without further
incubation. When methanol was included during the LiCl
treatment (experiment 2, Table I1I) GTPase activity was es-
sentially unaffected. Similar results were obtained for the
EF G dependent ribosomal binding of GDP stimulated fusi-
dic acid (Table I11). Particles reconstituted from 2 M LiCl-
methanol treated ribosomes bind the same amount of GDP
as the controls when incubated in the absence of methanol

BIOCHEMISTRY, VOL. 14, No. 7, 1975 1505
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FIGURE 4: Two-dimensional gel electrophoresis of ribosomal proteins
extracted from: (A) intact 50S subunits; (B) 2 M LiCl treated 50S
subunits at 1 mg/ml; and (C) 2 M LiCl treated 50S subunits at 1
mg/ml in the presence of 10% methanol.
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Table III: EF G Dependent Binding of GDP to Ribosomes
in the Presence of Fusidic Acid.

pmol of [*H]GDP Bound

Reconstitution - Reconstitution +
Methanol Methanol
Incubation Incubation
Treatment of  No Incu-  at 50° for No Incu-  at 50° for
708 Ribosomes  bation 30 min bation " 30 min
Control 0.93 1.29 0.96 0.84
LiCl 1.01 1.43 0.76 0.48

Table IV: Protein Composition of LiCl Core Particles.@

- Meth-  + Meth- — Meth- + Meth-
Protein anol anol Protein anol anol
L17 (+) +
L1 (+) (+) L18 (+) (+)
L2 + + L19 (+) (+)
L3 (+) + L20 + +
L4 (+) + L21 + +
LS (x) (+) L22 + +
L6 - (+) L23 + +
L7 - - L24 (+) (+)
L8 - - L25 (+) ()
L9 (+) (=) L27 - +
L10 - L28 - -
L1l - - 129 ) *
L12 - - L30 (+) +
L13 + + L31 - -
L14 () (+) L32 (*) (+)
L15 - (+) L33 - -
L16 - -

aLiCl treatment was carried out at 1 mg/ml of ribo-
somes. The ribosomal proteins loaded on the gels were ex-
tracted from the same amount of particles (3 mg). Two-
dimensional electrophoresis in polyacrylamide was carried
out following methods described. The patterns of spots ob-
tained were compared with those of proteins separated
from the same amount of control untreated 50S subunits.
The intensity of each spot is indicated as follows: +, inten-
sity of the spot similar to control 50S proteins; (+), inten-
sity less than control; (+), present in traces; —, no spot de-
tected.

during the reactivation incubation at 50°. The presence of
methanol slightly inhibits the binding of the treated and
control particles.

Two-Dimensional Polyacrylamide Gel Electrophoresis
of Ribosomal Proteins. Proteins in core particles from 50S
subunits, obtained by LiCl treatment, were separated by
two-dimensional gel electrophoresis (Kaltschmidt and Witt-
mann, 1970) (Figure 4) and the intensity of the spots was
estimated by comparison with the control proteins from the
same amount of untreated subunits. The results are summa-
rized in Table IV. The effect of the methanol on the release
of proteins during the LiCl treatment seems rather specific
and is limited to a few proteins. From the protein patterns
of cores from 1 mg/ml of ribosomes, it may be seen that L6,
L14, L15, L18, and L27 are present in significant amounts
only in the case of the LiCl-methanol particles.

Release of 58 RNA from 50S Subunits after LiCl
Treatment. Yu and Wittmann (1973a,b) stated that under
the conditions they used for LiCl treatment (10 mM
MgCl>-10 mM Tris-HCI (pH 7.8), less than 1 mg/ml of ri-
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FIGURE 5: Filtration through Sepharose 6B of LiCl-treated 50S sub-
units fixed with formaldehyde: () control 508 subunits; (@) LiCl 508
subunits treated in the presence of 10% methanol; (O) LiCl 50S sub-
units.

bosomes) about 85% of the 58 RNA is released from the
particles. It was important to ascertain whether the pres-
ence of 10% methanol affects this release. For this purpose
the cores were separated from released material with the
use of Sepharose 6B columns. As shown in Figure 5, the
amount of uv-absorbing material released by the LiCl treat-
ment was about the same after LiCl treatment without or
with methanol.

Discussion

Our results show that it is possible to reconstitute active
ribosomes from 50S subunits which have been partially, or
even totally, dissociated by LiCl treatment. For optimal re-
covery of ribosomal activity methanol must be present both
during dissociation and reassociation.

Reconstitution of inactive 50S subunits from LiCl-de-
rived particles has previously been reported; interestingly,
the 58 RNA was more accessible to RNase in the reconsti-
tuted than in the control 50S subunit (Yu and Wittmann,
1973a). It would appear from this that incubation at 50° in
the presence of methanol facilitates correct rearrangement
of the ribosomal components. It would be of interest to
know whether the 5S RNA is protected from RNase in the
reactivated as well as in control 50S subunits. Most of the
methanol effect during LiCl treatment may be due to its re-
ported inhibition of the nuclease(s) on the 50S subunit
(Ceri and Maeba, 1973). Moreover, the presence of metha-
nol during the LiCl treatment prevents the release of some
ribosomal proteins (L6, L14, L15, L18, and L27) without
apparently affecting the release of 5S RNA. Thus, the inac-
tivity of 50S subunits reconstituted in the absence of metha-
nol may be due not only to incorrect positioning of the 5S
RNA (Yu and Wittmann, 1973a) but also to the absence of
certain proteins from the original cores. If so, methanol
might facilitate the reconstitution process by preventing the
release of these proteins. It is of interest to note that two of
the proteins whose release is prevented by methanol (L15
and L27) appear to be located in or near the ribosomal
binding site of the 3’-terminal end of aminoacyl-tRNA, i.e.
at or near the peptidyltransferase center (Oen et al., 1972;

Czernilofsky et al., 1973). There are indications that pro-
tein L15 may be part of the peptidyltransferase center (Bal-
lesta et al., 1974). Protein L6 has been implicated in the
binding of puromycin and chloramphenicol (Pongs et al.,
1974), both inhibitors of peptide bond formation (Monro et
al., 1969). Therefore, protein L6 might be also involved in
the peptidyltransferase activity.

Yu and Wittmann (1973b) confirmed other reports
(Horne and Erdmann, 1972; Gray et al., 1972) showing
that proteins L5, L18, and L25 form a complex with 58
RNA and are interdependent for incorporation in the ribo-
some. Our results are consistent with these findings since
the loss of 5SS RNA in our case parallels the loss of these
three proteins. However, the decrease of protein L18 release
in the presence of methanol might be important for recon-
stitution of active 50S subunits.

It should be emphasized (see Figure 3) that particles
with high Phe-tRNA polymerizing activity, and therefore
having a functional peptidyltransferase, may be inactive in
the fragment reaction. This could be due to the less stable
binding of the C-A-C-C-A-Leu-Ac fragment than that of
N-acetyl-Leu-tRNA to ribosomes (Monro et al., 1968) and
accentuation of this difference in the LiCl-treated particles.
These results point to the danger of using the fragment
reaction as an exclusive for peptidyltransferase activity,
especially with ribosomal cores or reconstituted particles.
We have in fact observed (unpublished results) that some
LiCl ribosomes cores, inactive when tested with C-A-C-C-
A-Leu-Ac as substrate in the fragment reaction, were active
when N-acetyl-Leu-tRNA was used instead.

Acknowledgments

We are grateful to Dr. S. Ochoa for reading and correct-
ing our manuscript. We thank Dr. V. Montejo for help in
the initial stages of the experimental work.

References

Ballesta, J. P. G., Montejo, V., Hernandez, F., and
Vazquez, D. (1974), Eur. J. Biochem. 42, 167.

Ballesta, J. P. G., Montejo, V., and Vazquez, D. (1971),
FEBS Lett. 19, 75.

Ballesta, J. P. G, and Vazquez, D. (1972a), FEBS Lett. 28,
337.

Ballesta, J. P. G., and Vazquez, D. (1972b), Proc. Natl.
Acad. Sci. U.S.A. 69, 3058.

Ballesta, J. P. G., and Vazquez. D. (1973), Biochemistry
12, 5063.

Ceri, H., and Maeba, P. Y. (1973), Biochim. Biophys. Acta
312, 337.
Czernilofsky, A. P., Collatz, E. F., Stoffler, G., and Kue-
chler, E. (1973), Proc. Natl. Acad. Sci. US.A. 71, 230.
Eikenberry, E. F., Bicle, T. A, Traut, R. R., and Price, C.
A. (1970), Eur. J. Biochem. 12, 113.

Glynn, I. M., and Chappell, J. B. (1964), Bjochem. J. 90,
147.

Gray, P. N, Garrett, R. A., Stoffler, G., an Monier, R.
(1972), Eur. J. Biochem. 28, 412.

Hamel, E., and Nakamoto, T. (1972), Biochemistry 11,
3933,

Hardy, S. J. S., Kurland, C. G., Voynow, P, and Mora, G.
(1969), Biochemistry 8, 2897.

Homann, H. E., and Nierhaus, K. H. (1971), Eur. J. Bio-
chem. 20, 249.

Horne, J., and Erdmann, V. A. (1972), Mol. Gen. Genet.
119, 337.

1975 1507

BIOCHEMISTRY, VOL. 14, NO. 7,



Kaltschmidt, E., and Wittmann, G. H. (1970), Anal. Bio-
chem. 36, 401.

Maglott, D., and Staehelin, T. (1971), Methods Enzymol.
20, 408.

Marcot-Queiroz, J., and Monier, R. (1967), Bull. Soc.
Chim. Biol. 49, 477.

Modolell, J., and Vazquez, D. (1973), J. Biol. Chem. 248,
488.

Monro, R. E. (1971), Methods Enzymol. 20, 472.

Monro, R. E., Cern4, J., and Marcker, K. A. (1968), Proc.
Natl. Acad. Sci. U.S.A. 61, 1042,

Monro, R. E., and Marcker, K. A. (1967), J. Mol. Biol. 25,
347.

Monro, R. E., Staehelin, T., Celma, M. L., and Vazquez,
D. (1969), Cold Spring Harbor Symp. Quant. Biol. 34,
357.

Nierhaus, K. H., and Montejo, V. (1973), Proc. Natl.
Acad. Sci. US.A. 70, 1931.

Oen, H., Pellegrini, M., Eilat, D., and Cantor, C. R.
(1972), Proc. Natl. Acad. Sci. U.S.A. 70, 2799.

TRAKATELLIS ET AL.

Parmeggiani, A., Singer, C., and Gottschalk, E. M. (1971),
Methods Enzymol. 20, 291.

Pongs, O., Nierhaus, K. H., Erdman, V. A_, and Wittmann,
H. G. (1974), FEBS Lett. 40, 528.

Reynier, M., and Monier, R. (1968), Bull. Soc. Chim. Biol.
50, 1583.

Scolnick, E. M., and Caskey, C. T. (1969), Proc. Natl.
Acad. Sci. U.S.A. 64, 1235.

Staehelin, T., Maglott, D., Monro, R. E. (1969), Cold
Spring Harbor Symp. Quant. Biol. 34, 39.

Szer, W. (1969), Biochem. Biophys. Res. Commun. 35,
653.

Traub, P., and Nomura, M. (1968), Proc. Natl. Acad. Sci.
US.A. 59, 777.

Yu, R. S. T. (1973), Hoppe-Seyler’s Z. Physiol. Chem.
354, 125.

Yu, R. 8. T., and Wittmann, H. G. (1973a), Biochim. Bio-
phys. Acta 319, 388.

Yu, R. S. T., and Wittmann, H. G. (1973b), Biochim. Bio-
phys. Acta 324, 375.

Isolation and Partial Characterization of Anglerfish

Proglucagon®

A. C. Trakatellis,* Kozue Tada, K. Yamaji, and P. Gardiki-Kouidou

ABSTRACT: Evidence is presented that proglucagon from
anglerfish islets is a single chain polypeptide with 78 amino
acid residues and that the glucagon portion of it is liberated
after tryptic cleavage. The most striking characteristic in
the conversion of the anglerfish proglucagon to glucagon is
that the cleaved peptide bonds display enormous sensitivity
toward trypsin. Thus, conversion of the prohormone to glu-

Several published investigations have dealt with the prob-
lem of glucagon biosynthesis. These studies clearly indicat-
ed that glucagon is synthesized via a precursor (Rigopoulou
et al., 1970; Noe and Bauer, 1971, 1973; Tung and Zerega,
1971; Hellestrom et al., 1972). In a previous brief commu-
nication we have described the isolation of anglerfish pro-
glucagon (Trakatellis et al., 1973) and Tager and Steiner
(1973) provided the primary structure of the amino termi-
nal 37 residues of bovine/porcine proglucagon. We describe
here the methods of isolation of a polypeptide consisting of
78 amino acid residues and which upon trypsin treatment
yields glucagon.
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cagon occurs very rapidly within 3-10 min with a 1:500-1:
1000 molar ratio of enzyme to substrate. Further, tryptic
cleavage of the anglerfish glucagon requires higher congen-
trations of trypsin (molar ratio 1:25 enzyme to substrate)
and longer incubation time. The behavior of proglucagon
and glucagon toward trypsin shows striking similarities with
the tryptic conversion of anglerfish proinsulin to insulin.

Materials and Methods

Extraction of Anglerfish Islets. Anglerfish islets, frozen
immediately after excision, were supplied by the New En-
gland Biological Associates, Narragansett, R.I. The islets
were cleaned from the surrounding tissues and processed in
batches of 100-200 islets. In a typical experiment, a suspen-
sion of 100 islets in 300 ml of ice-cold 10% trichloroacetic
acid was homogenized (Sorvall Omni-Mixer set at maxi-
mum speed) for 2 min, and the mixture was centrifuged.
The solid residue was suspended in 40 ml of 0.18 N HCI in
75% ethanol, allowed to stand for 1 hr, recentrifuged, and
the clear supernatant fraction retained. The solid residue
was reextracted twice more with 30-ml portions of acidified
ethanol as described. All supernatant fractions were com-
bined and concentrated in a rotary evporator to about 20
ml. The concentrate was adjusted to pH 4 with 1 M triso-
dium citrate and extracted with 100 ml.of methylene chio-
ride to remove lipids. The aqueous phase was made 10% in
trichloroacetic acid and refrigerated overnight. The result-
ing precipitate was collected by centrifugation, washed suc-
cessively three times with 40 ml of acetone-ether (1:1, v/v)
and 40 ml of ether, and finally dried in vacuo.



