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LUMINESCENCE AND PECULIARITIES QOF THE STRUCTURAL STATE OF GELL
FROTEINS

Following 18 the translatioan of an article by S. V.
onev, Ye. A, Chernitskiy, and Ye. 1. Lin, Laboratory

of Blophyslcs and Isotopes, AN BSSR, Minsk, published

in the Russian-language periodical Biofizika (Biophysica)

Vol XII1I, No 6, 1968, pages 1040--45, It was submitted
on 21 Aug 1867._7

On the basis of an investigation of the spectra of ultraviolet
fluorescence of various tlssues and organs of a frog an assumption
i1s made concerning the very hydrophobic nature of micro=-environe~
ment around the majorlity of triptophane residues of cell proteins,
which 1s explained by the absence in the cells of significant
quantities of proteins whose surface contacts with the aqueous
medium. Differences are revealed in the processes of denaturation
of proteins with detergent (0.4% sodium dodecylsulfate; PH 3.0)
in solution and in the cell, in the latter ocase resulting in the
formation of a "superhydrophobic" conformation of protein. By
means Of spectral luminescence and ATP-ase activity| measurements
recordings were made of conformation transitions in myofibrillar
proctelins under conditions of the cell and in solution under the
effect of various concentrations of urea. The structural organl-
z&tion of the cell protects myosin from the denaturing effect of

its solutions, which is manifested in the complete preservation of °
ATP-agse activity of cell myosin in 1 M urea and in residual activity
(~20%) in 8 M urea. .

AN

Ultravioclet luminegcence of cells, detected by Brumberg et al.
/1; 2/ and Viadimirov_/3/, has been dealt with in a considerable

number of works /I-157. At present it can be considered as proven
that the luminescence of cells and their organoids « nucleus, mito-

chondria, and ribosomes - 1n the ultraviclet range of the spectrum
is conditioned by proteins, and in them, primarily, by residues of
the arcmatic amino acid - tryptophan /8, 13-15/. This circumstance
considerably eases the interpretation of luminescence data for &n
evaluation of the peculiarities of structural states and conformation
transformations of proteins directly in the living intact cell,

In previous works /15-15/ in an example of various tissues and
organa of a frog and certain microorganisms it was revealed that
there was a considerably more short-wave position of tryptophan
spectra of cell fluorescence in comparison with proteins in solutions,
which was interpreted as intensification of the hydrophobic nature
of the micro-environment of tryptophan residues of proteins,
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incorporated in the compozsition of cell structures, and connected
with the influence of quaritenary and supermolecular structures.

In the present work results are cited from further investigations
of the pecullaritiss of structural states of poroteins in the cell
and changes in them under the influence of denaturing factors - urea
and detergent - by using the luminescence method,

Obvjects and Methods of Investigation

In the work we used various tissues of the frog Rana temporaria.
These were lsolated from an snimal which had been rendered motion=-
less by disruption of the spinal cord with as little damage as possi-
ble, To prevent drying during the measurements the tilssues were ,
kept in Ringer solution. In the work we used urea of an analytical
grade brund and sodium dodecylsulfate ("Reanal", Hungary). The -
dnvestigated tissue was placed in a rectangular quartz cuvette from
an SF-4 spectrophotometer which contained Ringer solution and
pressed slightly to the opticai face of the cuvette.

Excitation and measurement o7 luminsscence were carried out
from the forward wall of the cuvette on a unit madée from two quartz
_;monochromators which was described previously /16/3 sensitivity of

*the unit was controlled by an aqueous solution of tryptophan. Since
during excitation by light with a wavelength Ae, = 280 nm for &
nunbor of organs the tyrosine component of luminescence was ohaerved,
the spectra of fluorescence were recorded at 2.,,= 296 nme The

unit was graduated for apectral sensitivity with the help of a
band tube,

Sarcoplasm proteins, actin, and myosln were removed from the
gastrocneml s muscle of the frog by the method of extraction by
saline solutions of various ionic strength /T7/. ATP-ase activity

of myosin was determined by mineral phosphorus, forming during the
hydrolysis of ATP /17/.

Results and Their Discussion

The table presents the position of maximums of tryptophan
fluorescence of various tissues and organs of the frog. Certain,
differences are apparent in the position of maximums of spectra of
fluorescence which are connected with the tissue affliliatlion of the
cells.

. Neverthelesa, for cells of all the investigated tissues a more
shortwave position of spectrs of fluorescence is characteristic in
comparison with the ma jority of proteins in solution [Igz and also
with sarcoplasm and myofibrillar proteins which were extracted from
the muscles. Attention is drawn to the c¢ircumstance that the
spectrs of fluorescence o¢f various tissues are close, though shifted
slightly to the long-wave side, in comparison with the spectrum of
fluorescence of chymotrypainogen, containing reaidues of tryptophan
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which are found exclusively within protein globules in a hydrophoblo
micro-environment /18, 19/.

Positlons of maximums of fluorescence of tissues of a frog and
proteins under various condltions :

. @ Monomemme Msxcncyna I
- SAyopecutIIDN, Mumx .
Odraxt weeacpomamen @)y 000 0m
, i .. ® pacTeopé| aogoitma. s M .
Punrope ﬂ:hmﬂ m-u@ . i'
. ‘ Muwua 334 330 337 - . {
- & Moar . : 333 330 350
i & Haux : 332 - 330 337
4 Jlcrxoe 331 328 330
" BnuremR nuuesoan 3N 332 337 i
&£ Tleveny : 335 330 a8
. AL Kowa 332 331 330
M A XUMOTPHICHITOTER 33 -
i /9 CAPKONANAIMATRYCCKHE GeanK
(mawuw 8 0,03 M KCI) 338 340--3/4 349
‘GQ MuogpuOnHanapine Geaxu (B pac- )
Tnope BeSepa) : 336 3 340

Key:a=Object of investigation; (b) Position of maximum of fluorescence,
nm; (e¢) in Ringer solution; (d) in C.4% Na dodecylsulfate, PH 3;

(es in 8 M urea; (f) Muscle; (g) Brain; (h) Tongue; (1) Lungs;

(j) Epithelium from esophagus; (k) Liver; (1) Skin; (m) Sarcoplasm
proteins (muscles in 0.03 M KC1l); (o) Myofibrillar proteina (in

Weber solution). /TN: (n) Chymotrypsinogen /

Therefore it is possible to think that the overwhelming ma jore
ity of residues of tryptophan of cell proteins are also found in a
sufficiently hydrophobic nonpolar micro-environment #, il.e., that
the cells practically do not contain proteins whose surface is 1in
contact with the aqueous medium ("bare protein™)e. This in its
turn may be the result of the influence of quatenary and super-
molecular structures of a cell, incorporation in the composition of
which is accompanied by the screening of & large portion of the
surface of macromolecules of protein by neighboring molecules (for
‘example, other proteins or lipids).

# At present the generally accepted point of view is that the
position of the maximum of fluorescence of tryptophan residues in
protein is determined mainly by the polarity of the micro-environ-
ment /Y0, 12, 14, 18/.
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The influence of the supermolecular organization of a cell on

the physicochemical state of its proteins is manifested also in
the case of the &ction of high concentrations of denaturing sub-
stances - urea and Na dodecylsulfate = causing 1n proteins two
effects correspondingly: 1 - disintegration of globules with the
transfer of tryptophan residues into the polar micro-environment

8/, and 2 - supplementary spiralization ol protein with the de-
velopmeni arcund the globules of a low-polarity membrene made from
connected hydrocarbon fragments of molecules of detergent /20-2Z/.
Just as in the case of proteins in solution, tho maintenance of
tissues in 8 M urea for one hour is accompanied by a long-wave shift
of thelr spectra of Iluorescence, which was noted in the previous
work /I57. As & result of the influence of urea the maximums of
spectra” of fluorescence of cells of various origin vary somewhat in
their position ( A g, = 337--339 nm), without achieving, however,
that long-wave maximum which 1s characteristic for free proteins in
solutions of 8 M urea (348--350 nm), and also those values which are
characteristic for proteir extracts of muscle in 8 M urea (349 nm),. -

The effect of 0.4% Na dodecylsulfate leads, on the contrary,
to that short-wave shift as a result of which the maximums of spectra
of fluorescence for a number of organs turn out to be disposed in
even a more short-wave range than for the most "hydrophobic" protein

- chymotrypsinogen (see Table ) / TN. Note the reversing of M and n
on the paste-up._/ :

1t is characteristic that for protein extracts of muscle, and
also for chymotrypsinogen a long-wave shift is observed here. It
may be thought, therefore, that the intracellular organization
alters in a significant manner the nature of the interaction of
detergent with protein, as & result of which there are definite
changes cf structure within the globules, leading to a spatial re-
distribution of amino acid radicals and & lessening of the degrese
of polarity of the micro-environment not only arocund "external"
but also "internal" residues of tryptophan. These structural
reorganizations, in muscle proteins in particular, under the action
of Na dodecylsulfate on them are accompanied by the complete sup-
pression of ATP~ase activity of myosin,

For the purpose of a& more detalled study of the role of struc-
tural factors and intermolecular interactions within the cell (super=-
molecular structures) in processes of intramolecular conformation
reorganizations of protein which are taking place directly in the
cell, we investigated the comparative action of various concentra=-
tions of denaturing agent (urea) on proteins of the actomyosin com-
plex in solution and in the cell (muscle tiesue).

!
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In the course of the experiments, along with the spectra of fluores-
cence the ATr-ase activity of myosin was determined.

As can be seen from Fig. 1 and 2, outside of the cell, in solu=-
tion, myosin under the influence of urea 1s capable of undergoing
at least two different structural transitions. Monomolar solutions
of urea already lead to a long-wave ».1ft of spectra of fluorescence
and a drop of ATP-ase activity by 50-60%. The transition bears an
irreversible neture (restoration of fermentative activity and position
of maximums of fluorescence is not observed following removal of
urea by dialysis)e. Appareantly a certain residual ATP-ase activity
of myosin in 2--4 M urea (Fig. l) is connected with the insufficlent
time of action of the denaturing agent, since after prolonged dlaly-
sis a 30lution of myoain in 2 M urea did not possess ATP-ase activ-
ity. Therefore it can be thought that the conformation transition,
connected with lossea of fermentative activity of myosin and the

long~wave shift of its spectra of fluorescence by 2 nm, may be com~
pletely finished already in solutions of 2 M urea,

Further structural changes (second conformation transition or
several trensitions) are apparently caused by urea sven in denatured
blologically inactive proteln. These post-denatured changes of
protein are manifested in a progressive shift of spectra of fluores-
cence to the long-wave side (from 338 nm in 2 M urea to 349 mm 1n
8 M urea) and have a reversible nature: after dialysis solutions of
myosin in 4, 6, and 8 M urea acquire the same spsectra of fluorescence
which are characteristic for solutions of myosin in 2 M urea with
a maximum at 338 nm (Fig. 2)« Thus the result of a joint denaturing-
-renaturing process during the infiuence of ahy high (4-8 M) concen=
trations of urea is the emergence of one and the aame thermodynamically
stable conformation of myosin, devoid of fermentative activity and
possessing & spectrum of fluorescence with a maximum at 338 nm.

Losses of ATP-ase activity of myosin againat & background of a
comparatively insignificant long-wave shift of spectrum of fluores-
cence (by 2 nm) and the capacity of inactive myosin for a subsequant
significant (by 11 nm) spectral shift following exposures to large
concentrations of urea testify simultaneously that ths process of
inactivation is not accompanied by the coarse unfolding of globules
of protein, and that only in the course of post=-denatured structural
reorganizations does that intensive disintegration of protein globule
take place at which residues of tryptophan fall into an almost
aqueous, hydrophilic micro~environment (the positions of maximums of

fluorescence of an aqueous solution of tryptophan and myosin in 8 M
of urea almost coinocide). :
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Fig. 1. Influence of various Fige. 2. Influence of various
.concentrations of urea on the concentrations of urea on the
ATP-agse activity (curve 1; ‘ord- ATP-ase activity (1) and position
inate A, %) and position of of maximum of fluorescence of
fluoresosnce of solutions of solutions of myosin (2)e

myosin (curve 2; ordinate.l,ui, Measurements made after removal
nm). Me&suremsnts made in of urea by dialysis. Designation
the presence of urea. . of ordinates explained in Fig. l.
Key: (a) Amay Key: (a) 1»-4;' ;

. These conclusions agree well with data, based on a study by
other methods, concerning conformation shifts taking place under
the influence of urea on myosin. Small, Harrington, and Kielley
[237 showed that in solutions of 2 M urea changes in viscosity do
not occur, though a certain lessening is observed in the degree of
@ -spiralization of protein. Under the influence of 4~-8 M urea
an increase of viscosity 1s observed as well as the complete fusion
of spirals. This additlonal change in the degree of spiralization
of protein has a reversible nature, i.,e., after removal of urea
from such solutions myosin acquires the same values of optilcal
rotation /@/ which are characteristic for the conformation of pro-
tein in 2 M solutions of urea. Kasuya and Takashina /247 observed
an increase in the average distansces betwesn residues of tryptephan
and molecules of dye which were chemically fixed in the structure
of protein under the influence of 1--2 M solutions of urea on myosin.

A considerably high degree of complexity and uniqueness dis-
tinguish the picture of interaction of myosin with various concen=-
trations of urea in muscle tissues. First of all, in contrast to
myosin in solution, myosin within the cell did not change its ATP-ase
activity during prolonged (1-2 hours) exposure of muscle in & gsolntion
of 1 M urea, At the same time with tihe same influence, but after
removal of urea by dialysis, & small and reversible shift (by 2 nm)
is observed in the spectrum of fluorescence of whole muscle (Fig. 3).
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Fige 3+ 1lnfluence of various concentrations of urea on ATP-ase
activity (1) and position of maximum of fluorescence (2) of myosin,

found during the actlon of urea in muscle, Dealignations of ordi-
nates the same as in Fig. 1.

Key: (a) ZM,{.

Alrexudy this circumstance »roduced a slightly prokable hypothesis
that swriace membranes (T muscle tissues possess an impermeability
in respect to monomolar soluttons of urea. Moreover, speclal tests
on measuring the amount of urea extracted by muscle tissue from
solution showed that the cells are impermeable only for 0.5 M

solut lons of urea, while for monomolar soclutions of urea its equi-
libzium concentration within the cells is even considerably higher
12,5 M) than outaide of them and in the surrounding solution (1 M).

N

Fig. 4. Influence of various corcentrations of urea on the position

of maximums of fluorescence of muscle prior to dialysis (2) and
after dialysis (1).

It can be assumed further that myosin wiuv..n the muscle 1is
brotected from attack on the part of molecules of urea by some bar-
rier, for example, sarcoplasm proteins, which actively combine with
urea and thus oreate a protective effect with a aimultaneous change
of spectrum of fluorescence of muscle. Although such a possibility

Te
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cannot be completely excluded, nevertholess its realization in
pure form is not very probable, if it is taken into consideration
that: 1) according to the findings of Shtrankfel'd [?5 the main
contribution in luminescence of muscle 1s made primarily by con-
tracting proteins of taue actomyosin complex; 2)for whole muscle in
monomolar urea an increase of intensity of fluorescence is observed
5/ and & shift of its spectrum to the long-wave side (Fige ¢);
) the main effect of sorption of urea by muscle proteins is ob=-

served namely for monomolar, and not wmore concentrated solutions
of it,

ln connection with this, more preferable is the following

interpretation of effects of the action of monomolar solutions of
urea onh musocle., Under the conditions of intracellular structural
organlzation of muscle the urea which penetrates into the cells
attacks mainly the supermolecular (quaternary etc.) structures.
Changes in the level are manifested in an increase in the intensity
of fluorescence /257 and a long-wave shift of its spectra. At the
same time intermolecular interactioms (protein - protein, protein =
lipoids, etc.) prevent the possibility of conversion of myosin
from a native into denatured conformation, which 1s expressed in ,
the inalterability of the level of its ATP-ase actlvity and spectra
of fluorescence of contracting proteins, extracted from ruscles
which are found in a 1 M solution of urea (Fig. 3). It is charac-
teristic that in solutions of monomolar urea ln muscle there is
observed only & temporcry suppression of physiological excitability,
‘replaced after a short period of time by its complete restoration

6/ - The true intramacromolecular conformation transition in con-
racting proteins of muscle shifts, in comparison with proteins in
solution, to the area of higher concentrations of urea. '

As can be seen from Fige. 3, with a transition from 1 to 2 M
solutions of urea there is a sharp drop in the level of ATFP-ase
activity of muscle myosin (by 60%) which 1s accompanied by a long=-
wave shift of spectra of fluorescence of proteins of the Weber
fraction. In the same area there 1s observed an additional shift
of spectrum of fluorescence of whole musacle. 1t has an absolute
value which 1s close to that for the actlve~~denatured protein
transition in solution (Fig. 4).

It is nscessary to accept, therefore, that with a transition
from 1 to 2 M solutions of urea there 1s & conformation transition
in contracting proteins of muscle which 1s accompanied by a drop in
ATP~ase activity. It 1s namely in solutions of 2 M urea that muscle
loses its excitability /26/. Attentlon is attracted to two charac-
teriastic peculiarities of thils conformation transition which is
taking place within the cell: 1) ATP-ase activity is not lost com-

Pletely, aez this is observed for solutions, but only partially
" (approximately by 80%); here the 20% residual activity is preserved
right up to the exposure of muscle to 8 M solutions of urea;

Be
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2) removal of urea from muscle by means of equilibrium dialysis
against physliologloal solution leads to a shift of spectra of 1!
escence in the same long-wave direction as its intrcduction. 1
other words, both the introduction and the subsequent romoval ¢

uroa causes effects which are similsr In nature - an increase : -

the degree of hydrophilization of residues of tryptophan of mus

proteins, which is not noted for myosin in solution. For conce .
trations of urea in the external sclution in an interval of 2«-

a characteristic 1s the absence of a subsequent significant drc
ATP-ase activity, a shift in the spectrua of fluorescence of wl
muscle, or the nature of spectral changes after dialysis (Fig.

Therefore it can be thoﬁght that structural changes, addit
to those which already took place in 2 M urea, do not take plac
thls interval of concentrations of urea.

However, under the influence cf 6 and 8 M solutions of ure -
Aft

there is obgerved a further, but already rever sible long-wave s
of spectra of whole muscle. Therefore it can be thought that u
the Influences of 6--8 M urea In muscle there &re subsequent st
tural changes which do not affect the functional getivity of my

It 1s also apparent from Fig., 4 that regardless of what co
trations of urea are acting on the muscle (except 1 M urea) and
which structural changes they lead, the removal of urea 1ia acco
by the transition of muscle proteins always to the same structu

state which is characteristic for the maximum of fluorescence ¢
muscle at 337 nm.

Thils circumstance gilves a certain foundatlion to the assunmp
that in the absence of urea contracting proteins of muscls can
found in two diverse thermodynamically stable conditions: 1) m
biologically active (form 331 nm), and 2) changed, partially fe:
tatively active condition (form 337 nm). The second condition

_emerges from the rfirst after ihe influence of 2--8 N urea with

subsequent removal under conditions of the cell,

A3 already pointed out above, outside of the cell, in solu
of 4~=-8 M urea myosin is found only in a fermentatively inactivc
conformation, not capable of renaturaticn after removal of urea.

However, it 138 still unclear if the possibillity of existenc
a partially active form of myosin is connected with ita heteroge
in muscle or with the fact that the nature of conformation tran:
or the process of denaturation of all the molecules of nyosin w:
the muscle proceeds differently than In solution, leading to the
formation of an end product, different in its conformation, but
possessing fermentative activity. Apparently certain approaches
the solution of the problem may be given by the study of the kit
characteristics of activity of myosin, isolated from denatured .
and renatured muscle (determination by the Michaelis oonstant).
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Thus the peculiarity of the denaturation-renaturation processes,
connected with the action of urea on myosin in a cell, in comparison
with myosin in solution, can be reducsed to three basic moments:

1) shift of concentration thresholds of conformation transitions;

2) rreservation of partial ATP-ase activity of myosin at any con=-
centraticns of denaturing agent; 3) change in the nature of revers-
ibility of post-denmaturing structural reorganizations within muscle,
which is manifested in a reconstruction of conformation, corresponding

not to primary (2 M urea), but to secondary structural transition
(5 M urea).
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