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Fish Tropomyosin and Fish Nucleotropomyosin
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dnvesine has been prepared from musceles of

~ral animals (rabbit, pig, horse and whiting) by
dehydrating the minced musele with organic solvents
and extracting with s-potassivm chloride (Bailey,
1948). A detailed account of its isolation and pro-
pertics has also been published  (Bailey, 1948,
Bailey, Gutfreund & Ogston, 19458 ; Astbury, Reed &
Spark, 1948),

In the course of an extensive ultracentrifugal
study on fish myosins, it has been found that two
proteins showing the same solubility properties as
tropomyaosin can be isolated from fish muscles with-
out previous treatment with organie solvents. Both
tropomyosins have been obtained in erystalline form
and their ultracentrifugal and electrophoretic he-
haviours have been investigated. One of these pro-
teins is practically identical with Bailey’s tropo-
myosin. Dr K. Bailey kindly suggested that the
other, which had the larger sedimentation constant.
might be an association of the first compound and
nucleic acid. This was completely confirmed by
phosphorus and ribose determinations and by the
ultravmlet absorption. The name
myosin’ i8 proposed for this ¢ ompound.

nucleotn)pw

EXPERIMENTAL
Isolution

Extraction of fish muscles with salt solutions
(mixtures of phosphate and potassinm chloride) of

varying pH between 5 and 7 shows that the pro-

portion of tropomyosin in the extract incr
the pH of the extraction fluid decreases an
time of extraction is short. The tropon
still vers extructable when the duration
traction is 10 min. and the pH of the extr
the amount of myosins going intosolution
conditions becomes much smaller. The pr
the tropomyosins in the extracts can be
creased if the extraction is carried out wi
kept for several months in the frozen st
treatment decreases the extractability o
sins (Reay & Kuchel, 1936) and does not
bebaviour of the tropomyosins.  Sepi
nucleotropomyosin - from  tropomyosin
extracts is easy. On dilution with water
coprecipitates with the myosins while the
mains in solution and precipitates only on
the supernatant to pH 4-6. A final purifics
substances is carried out by ammoniun
fractionation. The details of the method
below,

The preparation has been carried out throug
cold and all the separations have been done by cer
Carp museles cut with a freezing microtome inte
thick ( Dubuisson, 1947) are extracted for 20 min
of a KCL-phosphate solution (13 w-KC1 and 0
brought to pH 5), This extract is diluted with 37
water: the precipitate is disearded and the sup
kept.

The residue from this lirst extraction is re-e;
I min. with 3 vol. of 0-3wm.phosphate solution
containing  0-3%, sodium  adenosinetriphosy



reswaue 1s aisearded and the extract (L) is diluted with 7 vol.
of water. A precipitate of myozing and nueleotropomyosin
forms which is washed twice with water and redissolved in
O-53-KCL at neutral pH. The supernatant (11) and the
supernatant (1) are mixed and brought to pH 4:6. The pre-
cipitate containing tropomyosin is washed twice with water
and redissolved in 0-5M-KCl at neutral pH.

Both solutions are now centrifuged for 30 min. at
14,000 rev. min. to remove some turbid material and are

puritied by a second precipitation hy dilution with 8 vol. of

water at neutral pH (nucleotropomyosin) or at pH 4+
(tropomyosin). - Both precipitates are washed twice with
water and redissolved in 045 M-K¢'] at nentral pH.

Bothtropomyosins are isolated from these t wosolutions by
(NHy)g80, fractionation at neutral pH @ the major part of the
total protein content of the solutions precipitates between
30 and 50 2, saturation, whilst the tropomyosins precipitate
besween 50 and 669, saturation. The precipitate can he re-
dissolved very quickly by a slight dilution with water., giving
a water-clear solution,

Although these methods of preparation are very repro-
ducible, some variations are observed in the vields obtained,
which are usually about 0-07 26 of the wet weight for nueleo-
tropomyosin and 0:039, for tropomyosin, A better yield,
amotinting te k50 of the fresh musele weight, has been
ubtained atter organne <olvent treatment (Bailey, 1948).
This diserepaney is not due to loss during the isolation. The
(quantity of tropomyosins and myosins extracted from fresh
muscles under the conditions deseribed amounts to 1 ¢, of the
wet weight and the tropomyosin content of the solution
viries from 10 to 200, Fractionation by (NH),NO, is very
effective: no precipitation of tropomyosin oceurs betore
AN, saturation while the major part of the myvosins has
already been removed. The denaturation of the myosins by
organic solvent treatimoent probably increases the differences
in extractability of the myosins and  tropomyesins and
allows a more complete remaval of the tropomyosins,

Crystallization. Phe undiluted salted.out precipitates are
used for erystallization. This is earried out using the condi.
tions previously descrilied for tropomyosin (Bailey, 1045,
Le. by dialvsing an approx. TG0, solution against o solution
containing 16 ¢ (NH 0,50, L and 0401 soceotate butter of
pH 54, Nucleotropomyosin crvstallizes in elonwated Pristms
(Figs. L, 2): tropomyosin in the Quadransular plates pre-
vinusly deseribed by Bailey (Fig. 31, From a privite cong
munication of Dr Bailey it would appear that the ervstalline
form of nueleotropomyvosin s not vhireteristio of this
compound alone: similar ervstals have already been oh-
tained h_\‘ him from ti<h (whiting) troponiyosin solutions
prepared i the usual way.

Ulltracentrifugetion

The solutions were examined i the Syvedberg ol -
turbine ultracentrifige usimig the Philpot optical
svsteme (Philpot, 1935) a0 600000 rev. min. The
tropomyosins were dissolved ina phosphiate butfor of
ionie strength 041 containinge 0-23 M-sodinm ehloride,
The pH of the solution was 7-1. The coneentrations
of the protein were determined l‘l\i'r;ic-txnml-tz'iﬁ-:lli_\',
assuming a specific refractive incerement of D-001s0,
The values of the sedimentation constants have heep
corrected to 207 and to a water busis, using the

partial =pecific volume  given by S
Pedersen (1940, Appendix 11,

The preparation of tropomyosin apy:
geneous by ultracentrifugation. It sedi
single fairly synunetrieal peak whatey:
centration (Fie. 4oj and the values of the
tion constant= at Jdifforent concenteation
from differcnt preparations are in good
(Fig. 5 and Table 1. The sedimentatio
extrapolated to zero concentration is 2-x
values previously obtained for rabbit tr
(Bailey e af. 1948) have been added to th
they show excellent agreement  with t
determinations.

()

(h)

Fig. 4. Sedimentation dingram of tropomyosin
tropomysin, Murration to the right. Tropon
-89 7,, 100 min. after full speed. Nucleotr
(5): 067 V4, 90 min, after reaching full speed,

The behaviour of the preparation of nue
myosing s more complicated : it sediments
sharp peak which spreads mueh more slo
tropomyosin and is always followed by a si
ponent (Fig, 46). The proportion of this co
tereases at low coneentrations: it is not an
but a dissociation product of the main cor
the sedimentation constant-concentration
which (Fig, 3) cannot therefore he extrapol

Several ultracentrifugations have been
check the stability of nucleotropomyosin.
mentation s unchanged in the presence ofad
triphosphate (ATE) or after keeping the
trated solution at the pH of ervstallization (;
fesw oy s I acetate hulfor of pH 35 nucle
myvosin s slowly and iereversibly fransforn
coldasshownin Fig 6 anew compaorent sedi
more slowly appears after 2 L, (Fig, 6a)
Ccomes promiment alter 20 he, (. tih),

TPy esine as i entity disappears compl
the solution = kept a longer time at this pll

mentation runs neude with solutions of nuele
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Fig. 5. Variation of §,, for tropomyosin and nucleotropo-

myosin with the concentration of the solution. Lower
curve; tropomyosin; upper curve, nuclentropomyaosin.
o, values taken from Bailey of al. (1948); =, values ob-
tained by transformation of nucleotropomyosin at low pH.

tropomyosin are transformed at low pH
pomyosin.

Electrophoresis

The experiments were performed with th
clectrophoresis apparatus slightly modi
buisson & Jacob, 1945; Dubuisson, Di
Debot, 1850). They lasted about 20 hr. a
(1-65 Vi/em.) and 7 hr. at =015 (3-6.
giving a migration of approx. 6 cm. in b
No account was taken, in the calculatic
mobilities, of the differences in conduetiv
dialysis fluid and the protein solution, the
the dialysis fluid being used for both limbs

Both preparations were homogencous
phoretically, showing a single component v
only aslight, admixture of inpurities. No
in mobility was observed between nuc

Table 1. Sedimentation deda for tropow gosin and nuelcotropomgosin at different conee ntrations i .
8 L ! Ui

(1= 035 pH 7-1,)

Tropomyosin

e e : B s e R
Sample  Protein conen, Ny, vorr.
o, (. /100 ml.) < 101
i 0-5% 257
2 034 2-73
3 2-20

2,50

259

* .t
x 2573

Nucleotropomyosin

I N - SR e TN
Sample  Protein conen, Sy corr,
no. (. 100l « 113
1 (154 3-79
2 (-84 3-63

06 40
u-3 a1l
3 0-67 3-95
0-3 a4

* Obtained by transformation of nucleotropomynsin at pH 3-5.

(h)

Fig. 6. Sedimentation diagrams of nucleotropomyosin kept
inacetate huffer pH 3-5for 2 hre (o total conen, 1:19,)) and
200hr, (b, total conen. 0-87°): both 130 min. after
reaching full speed. Migration to the right.

myosin kept 20 hro or more inoacetate bulfor at
pH 3:5show that the peak corresponding to this new
component has the same shape and rate of sedi-
mentation as teopomyosin (Fig, 5 and Table Ty The

myosin. and tropomyosin in several exy
made on pure solutions and onmixtures of 1
pounds. The mobilities found are given in
Table 2. Kleetrophoretic imobilitics of frops
el yreleotropon posin

Mohilit
(103 squem./
Aseending D
Londitions of dlectrophoresis value
NaCl-phosphate bufler of -430
Iow3s and pH 71 (1 01
for phosphate and 0-25 for
Nat'l
Na('l-phosphate bulfer of 610
I =015 anel pH 74 (7-0-1
for phosphate and 0-05 for
Na('l)
NaCl-avetate buffer of 1 015 Ga

and pH 35 (7 01 for acetate
and 0:05 for Na('l)

* Approximate value: one determination ¢

The values obtained at 7=0:35 and pH
greatly from the mobilities of rabhit troy



Fig. 1. Nucleatvnpomyosin Fig. 2. Nueleot ropomysin
(magnitication . 54y, thegniticatinn - 135).
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under the same conditions (ascending, 565 descend-
ing, 4'9: Dubuisson, 1950),  Further investigations
will be necessary to determine the cause of this
difference.

Nuclete avid content

Liberation of the nucleic acid was performed by
heating the protein solution in a boiling-water hath
in 59 (w/v) trichloroacetic acid for 45 min. The pro-
tein was removed by filtration and the ribose content
of the filtrate was determined aceording to Mejhaum
(1939), using 2 45 min. heating time as proposed by
Albaum & Umbreit (1947). Measurements were
made with a photoelectrie absorptiometer using the
607 lford filter with o maximuwm transmission at
600 . Readings were referred to a calibration
curve obtained by measuring the absorption of
different amounts of p-ribose under the same condi-
tions, A= both deoxyribose and ribose react with the
orcinol reagent of Mejbaum (1939), the diphenyl-
amine reaction specific for deoxyribose was per-
fornwed on the trichloroacetic filtrate under the con-
ditions  described by Dische  (1930). The  total
phosphorus contents of - nueleotropomyosin and
tropomyosin were determined by the perehloric acid
method as modified by Allen (1940), using the same
photoelectrie absorptiometer as for ribose and the
60% Liford filter.

The ultraviolet speetrium of hoth proteins dissolved
in the phosphate-sodium chloride buffer of pH -1
and [ =0-35 was measured against the solvent with
the Beckman universal spectrophotometer (mocdel
1.1".). (These solutions had already been used in the
ultencentrifugal experiments.) Readings were taken
at 3 mp. intervals between 220 and 350 my. The
concentrations of the solutions, expressed in
g 100 ml, were determined by micro-Kjeldahl
assuming a nitrogen content of 16-6 Y, (Bailey, 1948)
and were used for the caleulation of the extinetion
coefticient £ g .

Both preparations were precipitated by an eqgual
volume of 109, (w/v) trichloroacetic acid and kept in
a boiling-water bath for different intervals to deter-
mine the time required for complete extraction
{(Table 3). (A slight liberation of nucleic acid oceurs
even after precipitation at room  temperature.)
Approximately constant values were obtained after
about 200min. for tropomyosin and 30nin. for

Ill]('i('ll[l'(‘})lllIl_\'UHlII.. 23 LITELULILE, prodinse srs s aeeses
therefore chosen for the determinations.,

Table 3. Rufe of nucleic acid liberation at 10
in 59, (w/v) trichloroacetic acid

Duration of Ribose liberated (mg./g. prote
heating L s e =
{(min.) Tropomyosin Nucleotropot

0 4-4 a0
10 -2 B2l
13 10-4 s
21 — 34-6
30 12-7 44-0
4D 11-0 440
1) 10-0 —

The ribose and phosphorus contents foun
given in Table 4. In view of the very differen
bration curves given by ribose and deoxyribos
the oreinol reagent (Sehneider, 1945) and the
agreement observed between the ribose and
phorus determinations, the presence of deoxy
ix very unlikely. Tests for deoxyribose carried
both preparations of nucleotropomyosin fai
agive any evidence of the presence of this sugn

Samples of the first preparation woere s
measurements of the ultraviolet absorption (b

13
A

10

M\

0
220 250 300 350
Wavelength (mg.)

Fig. 7. Ultraviolet absorption spectra of  trop
(ceurve «) and nueleotropomyosin (eurve b) in a phe
NaCl buffer of pH 71 and [=0-35. Ordinate: B
tropomyosin and 025 E1 %, for nucleotropomyo

Nucleotropomyosin shows the well known
acid maxiinum at about 260 my., and tropo
a maximum at 274 mu. due to its content

Table 4. Ribose and phosphorus contents of tropomyosin and nucleotropomyostn

Preparation [ Tropomyuosin
Nucleotropomyosin

Prepuration T Tropomyosin
Nucleotropomyosin

Pentos

Ribose P Ribose[P acid e
(%) (%) (mol./atom) (
105 — — 2.
438 — I 9-
1-22 0-20 1-25 2.
675 1-47 0-99 15

Caleulated from the ribose content.



matic amino-acids. The two spectra are very similar
to those obtained by Markham, Matthews & Smith
(1948) on a plant virus and its specific protein.

In conclusion, tropomyosin prepared by the
present method is less pure than RBailey’s tropo.
myosin. It contains a few per cent of pentosenucleie
acid which could probably be very easily removed by
keeping it for a certain time at low pH. Nucleo-
tropomyosin has a much higher content of pentose-
nucleic acid, which shows s« me variation from one
preparation to the other. The presence of pentose-
nucleic neid in musele is well known from the work of
Davidson & Waymouth {1944) on sheep and fowl
muscles and of Schneider & Klug (1946) on rat
muscles, but no analytical data seem to be available
on fish. It can be assumed from the yield of 0-05-
0-19, of the fresh weight found by the previous
authors for pentosenucleic acid that the amount in
fish muscle is high enough to explain the present
analytical results.

DISCUSSION

Comparison of the data obtained allows some con-
clusions 1o be drawn on the influence of the nucleic
neid content on the macromolecular behaviour of

trepotesosin. The presence of nucleic acid does not
attect the eleetrophoretic mobility, as has already
teen observed for mixtures of proteins and nucleie
acul  (Greenstein, 1944) and for nucleoproteins

(Markham et al. 1948). A content of nueleic acid of
less than 394 does not influence the ultracentrifugal
behaviour of tropomyosin. A higher content (about
109%) greatly changes the shape and dimensions of
the molecule: a new component, named nucleo-
tropomyosin, appears with o different rate of sedi-
mentation which seems also uninfluenced by a
variation of a few per cent in the nucleic acid content.,
Solutions  showing  an intermediate behaviour
between tropomyosin and nucleotropomyosin in the
ultracentrifuge were only very rarely observed.
Owing to the presence of ATP during extraction,
the question arises whether nucleotropomyosin is not,
formed by some reaction with ATP. As it could be
isolated from extracts made without addition of ATP
to the extractant, and as preliminary experiments
have shown that the content of ATP of fish museles

kept in a frozen state is extremely
the fresh weight), this hypothesis s

Nucleotropomyosin appears as i
tuent of muscle extracts made at
ionie strength to bring the myosins .
dilution of the extract with water ;
with the globulins. The phosphorus
myosins and actomyosings previousl
hot organic solvents (Dubuisson, 19:
is probably due to the presence of
already suggested by Bailey (194¢
Deutsch, Knappeis & Munch-Peters

The present results confirm the 3
myosinisa natural component of the
work will be necessary to know
myosin arises from the association
with pentosenucleic acid during ex
exists in fish muscle. As tropomyosi
ably located in the fibril (Bailey, 194
nucleic acid is a component of the
not unreasonable to think that b«
could he associated in situ,

SUMMARY

1. Two proteins showing the soluk
of tropomyosin have been isolated fr
by salt extraction.

2. Although the two compoundsar
able by electrophoresis, they erystall
forms and behave very differently in 1
fuge. These differences have been r
different nucleic acid contents.

3. Itisconeluded that one compoun
identical with Bailey's tropomyosin
one is a combination of the same o
pentosenucleic acid.

4. An especially mild method of
nucleoprotein is deseribed and the
both compounds in musele discussed.

It is a pleasure to thank Dr R. A
his kind hospitality and his advice, Sir Ala
Director of the Lister Institute, for the
available by him, and Dr K. Bailey for a
tion. The work was made possible by a
Belgian Government.
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