Volume 1, number S

FEBS 1LETITERS

THE PRESENCE OF PROTEIN BOUND iNTEMDIATES IN
THE BiOSYNTHESIS OF GRAMICIDIN S

T.LIONES, O.VAAGE, T.L ZIMMER, L.G.FRQHOGIM * and S.G.LALAND
Department of Biochemistry, University of Oslo, Blindern, Norway

Received 19 September 1968

i. Introduction

Experiments with cell-free extracts from Bacillus
brevis have established that the polypeptide grami-
cjdin S is synthesized by a mechanism which is diifer-
ent from that of proteins {1]. When studying the
mechanism of biosynthesis, the detection of possible
intermediates is of obvious importance. Previous re-
sults §2] suygested that protein-bound intermediates
pay exist in the biosynthesis of gramicidin S. In the
present work strong evidence for the presence of pro-
tein-bound intermediates is presented.

2. Methods and materials

2.1, Preparation of a 40% {NH 4)2S04 frcction as the
source of the gramicidin S synthesizing activity
The B. drevis strain ATCC 9999 was used and the
4055 {NHa )2 S04 fraction prepared from the cell-free
extract as described in a previous paper §1]. The 40%
{¥¥H,4)>S04 precipitate was dissolved in 0.02 M potas-
sinm phosphate buffer {pH 7.5) containing GSH (10
amolesfm?) and glycerol {20%. v/v), and dialyzed
against the same buifer at +3° for 12 hr. The solution
contained in most experiments 20—30 mg protein per
The 40% {(MNH,4 )>504 fraction which was nsed as
the source of gramicidin S synthesizing activity, in-
corporated into gramicidin S the different constitu-
ent amino acids to the same exient, :
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2.2, fncubntion mixture

All mixtures contzined per mi: 0.5 m« of enzyme
solution {see above), triethanvlamine Eydrachioride
{100 pmoles, pH adjusted to 7.6 with KOE), XC1 (5
amoles), mercaptoethznol (6 jrmolesd, magnesihm
acetate {50 umoles), ATP (2.5 gzmoles) and L-phenyl-
alanine, L-eucine, i-omitlipe, 1-proline and L-valine,
one of which was labelled. The concentrations of the
amino acids and the amount of radicactivity aised are
given in ea’h experiment.

2 3. isoinzion of granicidin 8 and protein from the
incubation mixtire

A sample of the incpbation mixiure £0.1 mi) was
mixed at 0° with 0.1 m! of icecold 16% (w/v) i5i-
chlorozcetic acid containing {1.5% of s>dinm iungstate
and 0.1 M of the [12C] 1-form of the labelled amino
acid used. The mixiure was added 25 p2g of gramicidin
S and the precipitate washed twice at room iempera-
ture with 5% {w/{v) trichloroacetic acid coniaining
0.25% sodiwm tungstaie, 1 ml each time, and once
with an aqueous 2% {w/jv) Na; S0, solution {1 mi}.
Gramicidin 8 was then extracted with 1 mi of etha-
r0ol-0.2 N HC1(9:1, v/¥) at room tempzrature for
3 hr. The residue was washed with ethanol-0.2 N
HCl mixture, 0.5 mi eack time and the combined
extract and washings used for the estimation of radio--

activity in gramicidin S. The residue after gramicidi

S extraction was washed with ethanol {67, wjv) zad
dissolved in 8.1 N NaOH (025 ml3 and used for coun-
ting and estimation of pretein {3]. The purity of the
iabeHed gramicidin S fraction was checked by chro-
matography on thin iayer silica plztes in ethyl acetate-

_pyridine-acetic acid-water {(60:20:6:11, v/v) {4} and
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radioactivity lccated by radioautography. In all cases
only one labelled spot with Ry similar to that of gra-
micidin S was found.

2.4. Radioactive amino acids and measurement of
radionctivity
1-[U-34CHencine {251 mC/mmole and 1-[U-14C}
valine {190 mC/mmole) were prrchased from New
England Corp., Boston, Mass., USA. Radioactivity was
easured at infinite thirness in a Frieseke and Hoepf-
ner windowless flow counter.

3. Resnlis

In order to demonstraic the presence of proiein
bound intermediates, two types of experiments have
been carriesl out. These are pulse-chase experinents
and experiments where the effect of the composition
of the incubation mixture on the conversioa of the
protein bound inter:ediates into gramicidin S was
studied.

3.1. Pulse-chase experiment

'The result of a pulse-chase experiment nsing [314C]-
leucine is seen in fig. 1. The pulse period was inter-
rupted by cooling the incubation mixture to G°. It is
seen from fig. 1 that the 1ate of gramicidin S synthe-
sis at ihis temperature is negligible. The chase-period
was initiated by raising the temperature to 37" ata
20 X dilution of 1abelled leucine. It appears from fig. 1
that upon reinctzbation there is an initial zapid in-
<rease in the radioactivity of gramicidin S followead by
a slower linear increase. At the same iime thereisa
rapid decrease in the radicactivity of the protein frac-
tion. The rapid changes in the gramicidin S and pro-
tein fractions were estimated by extrapolating the iwo
zurves back to the beginning of the chase period. 1t is
noteworthy that the decrease in the radioactivity of
the protein fraction {approx. 900 counts{mis) ronghly
equals the increase in the gramicidin S fraction {approx.
1000 counts/min). Similar resulis were obtained in |
pulsechase experiments with Iabelled profine, ornithine
and valine. In some of these experimenis the decrease
in thze protein fraction would be scmewhat higher than
the increase in Yhe gramicidin S fraction. In the case
of phenylalanine, there was also a decrease in the pro-
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Fig. 1. Palse-chase experiments with 40% {NH 4} 2S04 fraction
using 14C 1zucine. An incubation mixture (1 ml) containing
0.05 umole of each amino acid was preincubated at 37° for
2 min before the addition of the labelled amino =cid (2.5 pC).
30 sec 1ater the mixtuze was placed in icewater. Sampies were
withdrawn after &, 3 and 10 min. After a period of 10 min in
icewater, at a point of the arrow, the tube with.the yemaining
incubsation mixtire was added 1-]12C}lencine at a 28 X ditn-
tion of the labelled amino acid and the mixture incubaied at
37°. Samples were then withdrawn at intervals. o—o and
o—o , radioactivity in the gramicidin S and protein fraction,
zespectively.

iein fraction with a simultaneous increase in the gra-
micidin S fraction. However, the decrease in the pro-
tein fraction was roughly twice the increzse in the
gramicidin S fraction.

‘The resulis obtained represent strong evidence for
the existence of protein-boundintermedi=zes in the
biosynthesis of gramicidia S.

3.2. Factors influencing the conversion of the protein
. bound intermediates into gramicidin S
Gel filtration at +3° of an incubation mixture con-
taining [14C) valine (see table 1) yielded a labelled
protein fraction which was free from amino acids and
other low molecnlar weight substances. 1t contained,
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S Table 1 : Tt
The effect of the composition of the incubation mixiure on the conversion of the protein-bound radicaciiv.ty irto gramizidin S,
R Treatmeént of labelled protein P‘Qdiu_am {covnts/m)
" . - i : Gramicidin S Protein

Not reincubaled {control) 660 1680

Reincubated with ATP, Phe, Pro, Val, Omn, Leu 1500 see

Reincubated with ATP 640 1180

Reincubated with Phe, Pro, Val, Gm, Len 660 1400

An incunbation mixture (4 m)) containing 6.01 smole of each amino acid was kept at 37° for 2 min befere addition of [14C)-
valine (2.5 uC). One minute after the addition of the labelied amino acid the incubation mixture was cooled in ice-water, The mix-
tare was then fractionated at +3° on 2 column {36 cm X 1.6 cm, height X diam.) of a Sephadex G-50 course grzde. The column
was equiiibrated with a 0.1 M-iriethanolamine hydrochioride buffer adjusted 1o pH 7.6 with XOH containing mercaptoethanol
{6 pmolesfml), XCi {5 pmoles/m1), glycerel (10%, w/v) and 0.05 M magnesinm acetate and elnted with the same selution 2t a 1ate
of 1 mifmin. When the void volume had emerged, the next 4 mi, containing labelled proteins, weze coflected and used as the en-
zyme source in the reincubation experiments. Part of the same fraction was used for the determination of radicactivity in protein
and gramicidin S. The remaining of the Iabelled fraction was used iImmediately for the reincubation experiment. 1 mi of enzyinz
solption was added 2.5 pmole of ATP and, when desired, 0.05 pmole of the individual amino acids and incubated for 2 min zt
37° and the radiozctivily in protein and gramicidin S then determined.

kowever, a smail proportion of labejled gramicidin S,
probably as a result of adsorption. The labelled protein
fraction was reincubated at 37° in order io study the
conversion of a possible protein-bound intermediate
into gramicidin S. 11 is seen that when the labelied pro-
tein is reincubated with ATP anc the five amino acids,
the amount of label which disappears from the protein
fraction roughly equals the increass in the gramicidin S
fraction. Furthermore, reifticubation in the akbsence of
ATP or the five amino acids resnlls in no significant
increase in the radicactivity of gramicidin S. There is,
however, a significant decrease in radioactivity in the
piotein fraction. The resniis in 12ble 1 lead to the in-
teresting conclusion that both ATP and the five amino
acids in gramicidin S are requived for the Iabel 0 pass
from the protein to gramicidin S.

When the protein was labelled with leucine, proline
or oraithine, reincubation in the presencs of ATP and
the five amino acids also resulted in a decrease in the
protein and a rougnly eqnal increase in the gramicidin .
S fraction. In the case of phenylalanine the decrease in
ihe radiocactivity of the protein fraction was consider-
ably higher than the increase in the gramicidin S frac-
tion.

These results, thusglend further support to the view
that protein-bound intermediates exist.

4, Comments

The pulse-chase experiments and the reincubation
experimnents using protein lsbelled with either one of
the five amino acids in gramicidin S, indicate that pro-
tein-bound intermediates exist in the biosynthesis of
gramicidin S. The finding that the conversion of the
protein-bound intermediates into gramicidin S after
incubation requires the presence of ATP and the five
constituent amino acids, shows that it is a synthetic
process and not merely a liberation of preformed and
still bound gramicidin S. The bond betweesn the pro-
tein 2nd the intermediate is stable to trichloroacetic
acid at room temperature. The pressat findings are
important for the further studies ox the mechanism
of the biosynthesis of gramicidin S. Attempis are
being made 1o isolate proiein-bound intcrmediates.

Fujikawa, Suzuki and ¥urahashi {5 presented in-
direct evidence for the presence of iniermediaies
tound to the enzyme in the biosynthesic of the poly-
reptide tyrocidin. The present result is to onr know-
ledge the first direct evidence for the presence of pro-
tein-bound intermediates in the biosynthesis of bac-
terial polypeptides.
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