Fish Tropomyosin and Fish Nucleotropomyosin
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U\"MH has been prepared from muscles of

erai animals (rabbit, pin, horse and whiting) by
dehydrating tia' minced muscle with organicsolvents
and extracting with M-potassium chloride (Bailey,
19438).
perties has
Bailey, Gutfreund & Ogston,
Spark, 1948).

In the
study on fish myosins, it has been found that two

A detailed account of its isolation and pro-
published (Bailey, 1948;
1948; Astbury, Keed &

also been

course of an extensive* ultracentrifugal
proteins showing the same solubility properties as
tropomyosin can be isolated from fish muscles with-
Both

tropomyosins have been obtained in crystalline form

out previous treatment with organic solvents.

and their ultracentrifugal and electrophoretic be-

haviours have been investigated. One of these pro-

teins is practically identical
Dr K.

other, which had the larger sedimentation constant,

with Bailey’s tropo-

myosin. Bailey kindly suggested that tin*
might be an association of the first compound and
This
phosphorus and ribos«' determinations and by the
The ‘nucleotropo-

myosin’is proposed for this compound.

nucleic acid. was completely confirmed by

ultraviolet absorption. name

KXIT:KIMENTAL

Lsohdion

Extraction of fish muscles with salt solutions

(mixtures of phosphate and potassium chloride) of

varying pH between 5 and 7 shows that the pro-

1950)

portion oftropomyosin in the extract incr
the pH ofthe extraction fluid decreases an
time of extraction is short. The troporr
still very extraetuble when the duration
traction is IO min. and the pH ofthe extri
tia*amount of myosinsgoingintosolution
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 si
treatment decreases the extractability o
1936) and does not >

tropomyosins.

sins (Reay 7k Kuchel,
behaviour of the Sepi

nucleotropomyosin from tropomyosin

extracts is easy. On dilution with water
coprecipitates with the myosins while tlu
mains in solution and precipitates only on
thesupernatantto pH 4-6. A final purifies
substances is carried out by ammoniun
fractionation. The details of the method
below.

The preparation has been carried out throug
cold and all the separationshave been done by cer
Carp muscles cut with a freezing microtome int«
thick (Dubuisson. 1947) are extracted for 20 min
of a I\(’l1-phosphate solution (O I.Vm-KCI and 0-
brought to pH i#). This extract is diluted with 3 f
water: the precipitate is discarded and the sup
kept.

The residue from this lirst extraction is re-e:
lo min. with 3 vol. of 0-5M-phosphate solutioi

containing 0-3% sodium adenosinetriphoej



residue is discarded and the extract (11) is diluted with 7 vol. partial specific volume given by S
of water. A precipitate of myosins and nucleotropomyosin Pedersen (1940), Appendix II.

fO{ms which is washed twice with water and redissolved in The preparation of tropomyosin app
0-UM-KC1 at neutral_pH. The supernatant (II) and the gencous by ultracentrifugation. It setli
supernatant (I) are mixed and brought to pH 445. The pre-
cipitate containing tropomyosin is washed twice with water
and redissolved in <)-5M-KClat neutral pH.

Both solutions are now centrifuged for 30 min. at
14,000 rev. miri, to remove some turbid material and are from different
purified by a second precipitation by dilution with S vol. of (Fig. £ and Tabic |i The sedimentatie
water at neutral pH (nucleotropomyosin) or at pH 4-0 extrapolated to /.ero concentration is 2-8

single fairly symmetrical peak wliatev-
centration (Fig. 4a),and the values ofthe
limi constants at diflcrent concentratiot

preparations are in good

(tropomyosin). Both precipitates are washed twice with values previously obtained for rabbit tr
water and rcdissolved in O OM-KCI at neutral pH. (Bailey et ul. 1948) have been added to th

Both tropomyosins arc isolated from these two solutions by
(NH4)2Nt), fractionation at neutral pH :the major part ofthe
total protein content of the solutions precipitates between
30 and flo % saturation, whilst, the tropomyosins precipitate
between fio and <i(>% saturation. The precipitate can be rc-
dissolved very quickly by a slight dilution wit h water, giving
a water-clear solution.

Although these methods of preparation are very repro-
ducible, some variations are observed in the yields obtained,
which arc usually about 04)7 % ofthe wet weight for nucleo-
tropomyosin and 003 % for tropomyosin. A better yield,
amounting n- "-.V1, of the fresii muscle weight, has been
obtained after organic solvent treatment (Bailey, 11)48).
This discrepancy is not due to loss during the isolation. The
quantity of tropomyosins and myosins extracted from fresh
musclesunder the eondit mii.- described amounts to 1% ofthe
\ct weight and the tropomyosin content of the solution
varies from 1(1to 20"o. Fractionation by (NH4)*X04is very
effective: no precipitation of tropomyosin occurs before
4n% saturation while the major part of the myosins has
already been removed. The dénaturation of the myosins by
organic solvent treatment probably increases the differences
in extractability of the myosins and tropomyosins and
allows a more complete removal of the tropomyosins.

frynUilHzntion. The undiluted salted-out precipitates are
used for crystallization. This is carried out using the condi-
tions previously described for tropomyosin (Bailey. 1948).
i.e. bv dialysing an approx. 1 % solution against a solution The behaviour of the preparation of nue
containing lii g. (NH4)2S()41. and (Mil m-acetate buffer of myosin is more complicated : it. sediments <
pH 5-4. Nucleotropomyosin crystallizes in elongated prisms sharp peuk which spreads much more sio
(Figs. 1, 2): tropomyosin in the quadrangular plates pre- tropomyosin and isalways followed by a si:
VlOu'Sly .descrlbed by' Bal_ley (Fig. 3). From a private co.r.n— ponent (Fig. 4h). The proportion of this cu
munication of I)r Bailey it would appear that the crystalliin-
form of nucleotropomyosin is not characteristic of this
compound alone: similar crystals have already been ob-
tained by him from fish (whiting) tropomyosin solutions

prepared in the usual way.

they show excellent agreement with t

determinations.

Fig. 4. Sedimentation diagram of tropomyosin <
tropomysin. Migration to the right. Tropon
0-89 %, 100 min. after full speed. Nucleata
(/>): 0-117 %, 90 min. after reaching full speed.

increases at low concentrations :it is not an
but a dissociation product of the main coi
the sedintentation constant-concentration
which (Fig. ™ cannot, therefore beextrapol
Several ultracentrifugations bave been

I Itnicrrifridiutfrilitin cheek the stability of nucleotropomyosin.
mentation isunchanged in the presence ofad

The solutions wen- examined I tin- Svedberg oil- triphosphate (ATI’) or after keeping the
turbiiu- wultracelitriluge using tin- I’hilpot optical trated solation at The pH ofcrystallization (.
system (I’hilpot. 19.38) at (id.uno rev. min. The few days. In acetate buffer of pH 3-f> mich
tropomyosins wore dissolved ina phosphate buffer of myosin is slowly and irreversibly trauslonia

ionic strength d-1containing d-2.">M-sodium chloride. cold asshown in Fig. ti:a new component sei lii
The pH of tlie solation was 7-1. The concentraiions more slowly appears after 2 hr. (Fig. tia)
of the protein were determined refraetometrii-ally. comes prominent after 2d hr. (Fig. fib),
assuming a specific refractive increment ufd-nobso. tropomyosin as an entity disappears compi
The values of the sedimentation constants have been tlie solat ion is kepi a longer ljme at this pil

corrected to 20 and to a water basis, using the mentation runs made with solations ofnude



025 05 075
Protein concn. (g./i00 ml.)

Fig. 5. Variation of <82n for tropomyosin and nucleotropo-

mvosin with tlie concentration of the solution. Lower
curve; tropomyosin; upper curve, nucleotropomyosin.
o, values taken from Bailey ef id. (104S);

tained by transformation ofnucleotropomyosin at low pH.

x , values ob-

Table 1.

tropomyosin are transformed at low pH

pomyosin.
Electrophoresis

The experiments were performed with tl

electrophoresis apparatus slightly modi

buisson & Jacob. 1045; Dubuisson, Di
Debot, 15150). They lasted about 20 hr. a
(1-65 V./ecm.) and 7 hr. at f=0*%15 (3-6.
giving a migration of approx. 6 cm. in b<

No account was taken, in the calculate
mobilities, of the differences in conductiv
dialysis fluid and the protein solution, the
the dialysis (luid being used for both limbs

Both

pin >retieally, showing a singio component v

preparations were homogeneous

only a slight.admixture ofimpurities. No

in mobility was observed between nui

Sedimentation dataJar trojiomi/osin anil nnrhotrojiomi/nsin at different conei ntrations in

(- 0-35. pH 71.)

Tropomyosin

Sample Protein concn. SK COIT.
no. (g.M00 ml.) X1013

1 0-5S 2-57

= 0-34 2-73

3 u-so 2-22

0-44 2-52

0-22 2-50

4% 0-25 2-H2

5% util 2-57

Nucleotropomyosin

Sample Protein concn. S.,0 con-
1)0. (g. 100 ml.) v 1013

1 <1X4 3-70

e U-S4 3-(53
U-G 4-0S

0-3 5-11

3 0-G7 3-05
0-3 5-14

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

Fig. 0. Sedimentation diagrams of nucleotropomyosin kept
inacetate buffer pH 3-5 for 2 hr. (<.total concii. 1-1 "1()and

2D hr. (b. total concn. <>S7 ; both 130 min. after
reaching full speed. Migration to the right.
myosin kept 2<) hr. or more in acetate buffer at

pH 3-5show that tlie peak corresponding to this now

component has tial same shape and rate of sedi-

menta! ion as tropomyosin (Fig. 5and Table I). The

myosin atal tropomyosin in sexe
made on pure solutionsand on mixtures of!
pounds. The mobilities found are given in

'I'able 2. Eh rtroplain tir mobilities of trop,

and nnrleotropomi/osin

Mohilit
(10 5sq.cm./
Ascending
.Conditions of electrophoresis value
Nn( ‘1-phosphate buffer of -4-30
/0-35 and pH 71 (/ 01
for phosphate and 0-25 for
Nat 'l)
NaCl-phosphate buffer of GOO
/ 11-15 and [ill 7-4 (/ - 0-1
for phosphate and 0-05 for
Na('l)
Nat'l-acetate buffer of /  0-1.5 G-15%

and pH 3-5 (/ 0-1
and 0-05 for Nat 'l)

for acetate

* Approximate value: one determination <

The values obtained at f= 0-35 and pH

greatly from the mobilities of rabbit troj



Fig. 1. X wel*mt 11>i.>mvn-il| Fiix. Niiclc‘i>t!-i>|)uinynsjn
(magnitiration - ."jli (magnificatim) « 13-).

Fifi. /5 Tropomyosin (magnification x 135).

G. HAMOIR— FISH TROPOMYOSIN AND FISH NUCLEOTROPOMYOSIN



under tiic same conditions (ascending, .™(> descend-
1950).

to determine

ing, 4-9: Dubuisson, Further investigations

will be necessary the cause of this

difference.

XKeltic arifi coulent

Liberation of the nucleic acid was performed by
heating the protein solution in a boiling-water bath
in 5% (w/v) trichloroacetic acid for 45 min. The pro-
tein was removed by filtration and the ribose content
of the filtrate was determined according to .Mejbaum
(1939), using a 45 min. heating time as proposed by
Albaum A L'mbreit (1947).

made with a photoelectric absorptiometer using the

Measurements were

(>07 Ilford filter with a maximum transmission at
600 mg.
obiaim'd by measuring

referred to a calibration

the

Readings were

curve absorption of

different amounts of n-ribose under the same condi-

tions. As both deoxyribo.se and rihose react with the
oreinol reagent of Mejbaum (193!)), the diphenyl-
ntnine reaction specific for deoxyribose was per-

formed on the trichloroacetic filtrate um ler the con-
described by Dische (1930). The

phosphorus of nucleotropomyosin

dition.-, total

contents and
tropomyosin were determined by the perchloric acid
method as modified by Allen (1940). using the same
photoelectric absorptiometer as for ribose and tia*
(ios IIford filter.

The ultravioletspcctrum ofboth Jmiteinsdissolved
in the phosphate-sodium chloride buffer of pH 7-1
and / = 0-35 was measured against the solvent with
the (model

1).1\). (These solutions had already been used in the

Beckman universal spectrophotometer

Readings were taken
The

expressed in

ultracentrifugal experiments.)
between 220 and 350 mg.
the
determined by

at 3 mg. intervals

concentrations of solutions,
g.'100 ml.,

assuming a nitrogen content of 16-6% (Bailey, 1943)

were micro-Kjeldahl
and were used for the calculation of the extinction
coefficient

Both preparations were precipitated by an equal
volume of 10% (w/v) trichloroacetic acid and kept in

a boiling-water bath for different intervals to deter-

mine the time required for complete extraction
('fable 3). (A slight liberation of nucleic acid occurs
even after precipitation at room temperature.)

Approximately constant values were obtained after

about 20 min. for tropomyosin and 30 n in. for

Table 4.

Tropomyosin
Nucleotropomyosin

Preparation 1

Tropomyosin
Nucleotropomyosin

Preparation II

nucleotropomyosin. ut-anng,

therefore chosen for the determinations.

Table 3.

in &%

Rate of nucleic acid liberation at 10

(li'lv) trichloroacetic acid

Duration of Itibose liberated (mg./g. prote:

heating
(miii.) Tropomyosin Nucleotropor
0 4-4 W35
10 10-2 32-1
13 10-4
21 34-1»
30 12-7 44-0
45 110 440
0 10-0
The ribose and phosphorus contents foun

given in Table 4. In view of the very difieren
bration curves given by ribose and deoxyribos-
1945) and the

agreement observed between the ribose and

the oreinol reagent (Schneider,

phorus determinations, the presence of deoxy
is very unlikely. Tests for deoxyribose carried
both preparations of nucleotropomyosin fai
give any evidence of the presence of this suga
of the first were us.

Samples preparation

measurements of the ultraviolet absorption (f

220 250 300 350
Wavelength (mp.)
Fig. 7. Ultraviolet absorption spectra of tropt

(curve a) and nucleotropomyosin (curve b) in a phi
NaCl buffer of pH 7-1 and f-0-35. Ordinate: E
tropomyosin and 0-25# j*n. for nucieotropomyo

Nucleotropomyosin shows the well known
acid maximum at about 260 mg., and tropoi

a maximum at 274 mg. due to its content

Ribose and j/hos/ihoru.s contents of trojiomyosin and nucleotropomyosin

Pentos

Ribose P Ribose/P acid cc
(%) (%) (mol./atom) (c

1-05 — _ 2
4-38 — — 9-
1-22 0-20 1-25 2-
6-75 1-47 0-99 15-

Calculated from the ribose content.



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

In conclusion,

tropomyosin prepared by the

present method is less pure than Hailey's tropo-

myosin. It contains a few per cent ofpcntosenucleic
acid which could probably be very easily removed by
keeping it for a certain time at low pH. Nucleo-
tropnmyosin has a much higher content of pentose-
nucleic acid, which shows some variation from one
preparation to the other. The presence of pentose-
nucleic acid in muscle is well known from the work of
Davidson de Waymouth (1944) on sheep and fowl
& Klug (1946) on rat
muscles, but no analytical data seem to be available
It can be assumed from the yield of 0-05-
of the found by

authors for pcntosenucleic acid that the amount in

muscles and of Schneider

on fish.

<> 1% fresh weight the previous

fish muscle is high enough to explain the present
analytical results.

DISCUSSION

Comparison of the data obtained allows some con-
clusions to be drawn on the influence of the nucleic
acid content on the macromolecular behaviour of
im i The presence of nucleic acid does not
t :ii.- electrophoretic mobility, as has already
n observed for mixtures of proteins and nucleic
(Creenstein, 1944)
(Markham er al. 1948).

less than 3 % does not influence the ultracentrifugal

acui and for nucleoproteins

A content of nucleic acid of
behaviour of tropomyosin. A higher content (about
19% ) greatly changes the shape and dimensions of
the
tropomyosin, appears with a different rate of sedi-
which

variation ofa few percent inthe nucleicacid content.

molecule: a new component, named nucleo-

mentation seems also uninfluenced by a

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 whethernucleotropomyosin isnot
As it could be

isolated from extracts made without addition of ATP

formed by some reaction with ATP.

to the extractant, and as preliminary experiments

have shown that the content of ATP of fish muscles

kept in a frozen state is extremely
the fresh weight), this hypothesis s
Nucleotropomyosin appears as i
tuent of muscle extracts made at
ionic strength to bring the myosins
dilution of the extract with water i
with the globulins. The phosphorus
myosins and actomyosins previous!
hot organic solvents (Dubuisson, 19"
is probably due to the presence of
suggested by Hailey (194(
Deutsch, Knappeis & Munch-Peters
the \
myosin isa natural component ofthe

already

The present results confirm

work will be necessary to know
myosin arises from the association
with pentosenucleie acid during ex
exists in fish muscle. As tropomyosi
ably located in the fibril (Hailey, 194

nucleic acid is a component of the i

not unreasonable to think that be
could be associated in situ.
SUMMARY

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

2. Althoughthetwocompoundsar
able by electrophoresis, they crystal!
forms and behave very differently in 1
fuge. These differences have been 1<
different nucleic acid contents.

3. Itisconcluded thatonecompour
identical with Hailey’s tropomyosin
one is a combination of the same c<
pcntosenucleic acid.

4. An especially mild method of
described and the

both compounds in muscle discussed.

nucleoprotein is

It is a pleasure to thank Dr R. 4
his kind hospitality and his advice, Sir Alai
Director of the Lister Institute, for the
available by hira, and Dr K. Bailey for a
tion. The work was made possible by a
Belgian Government.
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