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DaruabaaCy O JROLONUGLY oFTaRLUMINLOCZNCE OF PROTZLNS N TH
SLCOWDARY STrUCTulw 03 DHBIKR sOLuCULLS

[/ Followin; is the translation of an article by S. L.
sutsentsov, S, U, Nisenbaum, and S. V. Konev, Labora=-
vory of olophysics and lsotopes, AN LSSR, kinsk, pub-
lisned in the Russian-language periodical Biofizika
(oloonysics) 1968, Vol XIII, o 3, pp 428—432. 1t
was submitted on 1 Sep 1967. 7

in a vrovious work [:7 we showed that tne structural transitions
wnicn take place in molecules of pepsin in the acid and alkaline piH
rango ctuse a caange in the kinetics of attenuation of afterlumi-
ncscence of solutions of tals protein. But it remeined unclear,
will the paramcters of prolonged afterlumlnescence of other proteins
correlate witn changes in the structure of thelr molecules and,
waat is most important, during reorganization of what or which levels
of structural organization does a cnange take place in the nature of
transformation of energy of light quanta, absorbed by the protein
molecule, into energy of prolonged afterluminescence.

In connection with this in the present paper investigations are
continued on the influence of tne structure of the protein macro-

molecule on the kinetics of attenuation of prolonged afterluminescence
of solutions of proteins.

ileasurements were made on a unit and by the method described
earlier /I1/. 1In the work we used imported commercial preparations of
wroteins which nad not be subjected to additional purification: serum
albunin of a bull (SAB), "Koch-Light Laboratories"; human serum al-
bumin (SaCh), "Cyclo Chem. Corp."; pepsin 3X cryst., "Lawson"; egg
alobunmin (Yaa s "VDN"; globin and trypsin, "Spofa"; chymotrypsinogen

S8X cryst., lysozyme and trypsin inhibitor, "Reanal".

s+ ’he oreparation was kindly given to us by 1. 1. Sapezhinskiy, to
wac.a the autiwors express thelr deep thankse.

1n concentrations of 0,026=0.2% the proteins were diluted in
0.1 n KC1l. Change of pH of the protein solutions was achieved by
adding 0.2 n ICl and 0.l n KOH to them., pH values were controlled
with an accuracy to 0.05 units. As agents for changing the struc-
ture of the protein macromolecule we used urea, guanidine hydrochlor-
:de, an anion detergent ia-dodecylsulfate (NDS), ethylene glycol,
and methyl and propyl alcohol. for a quantitative appraisal of
cnange in the parameters of prolonged afterluminescence of proteins
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in various structural states we meusured the constant (KX) of rate of
attenuation of afterluminescence in coordinates lg of intensity -
time. i'or K we used a value, reverse to the time of lile of free
radicals T . In certain cases we determined the intensity of lumi-
riesconce in 20 seconds after termination of irradiation (120) and

the timo for a decrease of I by 2 times (ti). Calculation of curves

was performed on the segment from the begifining of attenuation tou
approximately 3-——4 minutes.

a8 1s known, urea and guanidine are effective a;ents for de-
spiraling of protein molecules. Therefore first of «ll & study was
made of the influence of tnese substances on the parumeters of
afterlunminescence.

lt is necessary to note the difficulty wnich developed during
weasurements of the afterluminescence of proteins with various
admixtures due to the luminescence of tne admixtures themselves.
Assuming that in our case the law of additivity was satisfactorily
fulfilled, we obtalned the true picture of attenuvation of luminescence
of the changed protein as the difference in the curves of total lumi-
nescence and the luminescence of the admixture.

Table 1

Parameters of afterluminescence of proteins in a native state and
after 10 seconds of action of guanidine on them (3M guanidine)

@ K et @ tiy, (eenya @)
Lonax S @S-::um '@_“ e /o 130 MaTuniore Geaka

% Cenka @ s ryl::;umu- 6':;:121 FYDNAIIG l30 B B ry:nm:umc( (,>
h, CAB 60,0088 | 0,0185 | 200 10 11,7
Z, €A 00073 | o0220 | 72 % 4,7
« Tpancun marnGurop | 0,0105 | 0,0134 37 20 1.0
&, JTH30MLIN 0,0130 | 0,0175 3 26,3 1,2
£, XuvoTtpuncunoren 0,0125 | 0,0240 | 20 138 1.6
“em A 0,0124 1.0,0136 30 30 1,0

MmiTpincii 0,0106 { 0,0274 | — -— 2,3

a2, Frobun . 0,0169 | 0,0200 | 17,2 09,7 i
fl [lencus 0,024 0,048 - — 4,0

I2p - intensity of luminescence in 20 seconds after termination of
irradiation; ti - time for decrease of I by two times. Concentration
of proteins - 0.1%. All measurements at pH 7 (pepsin = PH 5.5)

in 0.1 n XCl.

Xey: (a) Protoin; (b) K sec'l; (¢) ta (sec); (d) native protein;

(e) protein in guanidine; (f) Ipgg of native protein/; (g)/Igy of
native protein in guanidine; (h) SaB; (i) SaCh; (j) Trypsin innibi-
tor; (k) Lysozyme; (1) Chymotrypsinogen; (m) YaA; (n) Trypsin;

(o) Globin; (p) Pepsin.
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Plgure l. (a) Curves of attenuation of afterluminescence of a
0.025% bull serum albumin in a native state (1) and in a solution
of 3M guanidine (2). 3 - attenuation of afterluminescence of
O.l% SAB in SM guanidine. (b) isnamorphosis of curves of attenua-
tion in coordinates lg I-—t. '

I - intensity of luminescence in relative units; t = time in seconds.
Temperature 20°,

The results of measurements of X, Igg, and ty for solutions of

ninc proteins in 2 native state and after a l0-second action of
nhydrochloride guanidine on them are presented in Table l. On rig. 1

is saown tne action of guanidine on the parameters of afterlumlnescence
ol Sald. All the measurements were made at pi 7 (with the exception

of peypsin - pH 5.5). In this series of tests 5 ml of 64 colution of
guanidine wvas aixed with 5 ml of irradiated solution of protein.

Tais eclimirated the necessity of taking into consideration of the
iuminescence of guanidine itself. It can be seen from Table 1 that

X of afterluminescence of protein in 3il guanidine in all cases 1is
greater tnan the corresponding value for native protein, but 120

is less. 4n analogous effect was exerted by solutions of ursa. How=-
ever, it may be thought that the change in the parameters of after-
luminescence is caused not by & change in the structure of protein,
but by tne influence of guanidine ané urea on physico-cnemical pro-
cesses, leading to scintillation. In order to check this assumption
a study was made of the action of guanidine and urea on glycyl-tryp=-
toshan and lactalbumin hydrolyzate (Fige 2, B)e It turned out that
neither 8il of urea nor JSil of guanlidine changes the X of attenuation
of afterluminescence of these substances. A more correct control
would be the investigation of the influence of urea or guanidina on

r,

& preparation, completely devoid of the characteristic protein
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structure, but with the same amino acig com

, ] mposition as in natis

grotoin. For obtaining such a preparation the SAB was subontég

Io pro}eolysis w&th peps;n (ratio by welght of pepsin to SaB 1:100)
t follows from Fige. 2, A that, first or all, X of the proteol&zatc.

is conslderably greater than in native protein, which by itselrf

refle cts thno influence of structure on the kinotics of attenuation,

and , secondly, X of the vroteolyzatc dooes not change in & $il '
solution of guanidine. )

Thus it can be maintailned that the change in the parameters of
prolongod afterluminescence of proteins following the action of

guanidine and urea on them is caused by the disruption of their
native structurece.

Log!

Pig. 2, A, 1 - kinetics of attenuation of afterluminescence of an
0.2% solution of proteolyzate of bull serum albumin (pH 7, O.1l n
nCl); 2 - same in the prosence of 3 solution of guanidine; 3 -
attenuation of afterluminescence of native protein; Be. 1L = depen=-
dence of constant of afterluminescence K (seconds=i 10'5) of
bull serum albumin on the concentration of urea (pH 7, 0.1l n KClj);
2 - samo for lactalbumin hydrolyzate.

Also in favor of this affirmation is the dependence of attenua-
tion of alterluminescence of S.iB on the concentration ol urea (Fige.
2, B), which agrees well with the dependence on the concentration
of urea, viscosity, and specific optical rotation [§,§7. Just as
the changes of viscosity and optical rotation, changes in the para-
meters of afterluminescence bear a reversible nature. Following a
9=fold dilution of a mixture of proteins--8l urea with 0.1 n solution
of KCl, immediately after irradiation X of attenuation turned out
to be considerably greater than in native protein. However, the

4.




kinotles of attenuation of the same mixture, recorded 5 minutes
«ltor dilution, difrfered little Irom the kinetics of attenuation
of native protein (Figs. &, i)e. In other words, changes of X under
t:iv action of uroa wore rovoersible as a result of the processos

ol' ronaturation of protein, which cre completed in sever:sl minutese.
The timo ol ronaturaetion wus roduced with o lowerin; of the end
concontration ol ureou in the diluted mixture. Thus, following
irrudiction ol SaB in 6.1 urea and tao subsoquert atrong dilution

of the mixtur: to a urea concentratlion of 0.4ii, we immediately
obtuinod kinetics of attenuation which are close based on para-
metoxrs to the afterluminescence of native protein.

Lag!

Logl |

T T T T T T T

Pig. 3. 4 - ¥inetics of attenuation of afterluminescence of 0.1%
solutvion of bull serum albumin (pH 7, 0.1 n KCl) in urea.

Tne »Jrotein - 8ii urea mixture was diluted three times after irrad-
iation; 1 - immediately aiter dilution; 2 - 5 minutes after dilu-
tion, B = 1 - Xinetics of attenuation of afterluminescence of
0.C3% solution of S4B in water, piH 7 (without addition of €Cl);

2 - same Iin 84 urea; 3 - same after addition of 2 WDS. Ratio of
concentrations of detergent to protein 1/10.

The last result and the experiments discuscsed above (Table 1),
in waich guanidine was introduced into the solution after irradlation
of tine protein, indicate that the chunge in tae garameters of

~ $Vda

aftcrluminescence is not tne result ol the possible efifect of struc-
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turoe on the nature of products which are formed in the luninous
stage of the photoenomical pProcess, but 1s connected with the in-
fluoneo of structure on cvents wihich take Place in the course of
obscure reactions and are terminated with scintillation

<% 1s lntoresting to noto that various protoins are dwstinpuished
not only buscd on constant of ratve or attenuation, sut wlaso bascd

on tino sensivivity of parametcrs of afterlwaincscencoe to tae action

of puanidine und urea. a4t the same time that for LaBd tho groutest

cnan ;cs of i and Igp Were obsorved, the K of YaA under conditions

ol the exyeriment was changod insipnificantly. If in 4il urea X of
arterluninescence of SAB 1s significantly increased, then for pepsin
withh the samo concentrations of urea X does not change. This

agrees witn tho greater, in comparison with other proteins, stability

of tne structure of YaA and pepsin to the action of despiralizing
cgents /3/.

Table 2

Influence of spirallzing solutions on parameters of afterluminescence
of proteins

c A Be " thy,. ek lijye Cox B cnipas | Omomenne /34 0 enits
QIR N &1 \Sy} & \ uCe N ! h {¢]1]
. @ MEIP LU k34 HU DJCTDODH'I'C'HI NOK D &) 80,10 . &Sllll;)l":,:’l'g:ngdc p;;:l;:::ny‘:o:‘u;:l. pl:c,;';;‘c 0
@ [ MeTionui cnupT SIA | 2.2 20 50 . 10
00, -uwit-+0,01 u. HClL CAB | 2.2 3 ‘9 2,2
Nporiuaouuit cnupt 50-uud-+-§ 1A 1 2,2 22 69 6,7
h) {4-0,01 HC! CAB | 2,2 G- 21 2.6
3riacurankoab 708 tntit IA] 7.0 40 . 60- 2.2
CAB| 7,0 200 70 | 0,43

Xey: (a) Ssiralizing solution; (b) Protein; (c¢) Yaa {on top) and
Sid (welow); (d4) ta, sec in water; (e) t1, sec in spiralizing solu~
tion; () Ratio of Ipg in spiralizing solution to Igg in water;

‘g) wothyl alconol 70%+0.01 n HCl; (h) Propyl alcohol 50j%+ 0.01 HCL;
(1)=thylene lycol.

It follows from tne data cited that breakdown of the secondary
and tertiary structure of the protein molecule leads to a drop in the
intensity of and an increase in the constant ol rate of attenuation
of afterluminoscence. It could have been expected that agents,
exerting an opyosite action on secondary structure, i.0., increasing
the % of spiralization, cause an opposite efiect, decreasing K and
increasing the intensity of luminescence. Such an actlon 1s possessed,
for axample, by KDS, which restores the initial values of viscosity
and specific optical rotation in proteins which have been denaturcd
with 6il urea [3,&7. Wo observed an analogous influence of IKDS based
on parameters of afterluminescence (Fig. 3, B): tho addition of
05 my DS to 5 mg of SAB, denatured with 8il urea, completely re-
stored the value of X, although the intensity of afterluminescence

6.

e gt oo -



was not lncreascd to tho vulue which 1s characteristic for native
pgote;n. Tho offect of the action of NDS did not depend orn when it
was waded to the solution of protein, simultancous with the urea or
aftor it, sinco urea alreudy nad an effect on the proteins.

»om thie samo point of viow there is interost in the action of
soevoxi.l low=Dolurity solutions wvhich ulsrupt the tertiary structure
of a ,rotoin wnd incrouse tne dogree of algha-spiralization of
wolecules. L1t is known, for example, that methanol and propanocl
Posgess & splirallzing oifects The eflfect of spiralization 1s
incroased in an acid medium /3/.

In Table 2 aro presented the results of experiment: on the
reasuromont orf t% and 120 for SAB and YaA in methyl and propyl

alconols at pii 2.2 and 1in ethylene glycol at pH 7.0, ard on Fig. 4

are dopicted the curves of attenuation of Yaia in water and in methyl
alcohol.

wo

Fige 4 1 = curve of attenuation of afterluminescence of 0.1%
¢i3g albumin at oH 2.2; 2 - curve of attenuation of a mixture of
egg albumin — 70% methyl alcohol (pH 2.2); & - afteriuminescence
of solvent (707 methy.. alcohol at pH 2.2).

In acic aqueous solutions of SAE and YaA 1t was not possible
TO casurc a cus to the low intensity of afterluminescence, tnererfore
it WiC nocessary to be limited to the measuring of ti.
=
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in conformity with data on an increase ol spirality of proteins in
methanol and propanol at pH 2.2, wo observed a considerable increcase
of Igp and t.. Changes of those parameters in othylone glycol at

PH 2.2 could not be detected. Attention is drawn to the fact that
the action of ethylenc glycol on SAB and YaA at pH 7 Lore an opuosite
nuture. The lessoning of t% and I, in SAB under ticce conditions

in ap. aprently conneoted with the groat change in tho tortiury styuce
ture of the protein molecule (in comparison with secondory): in
weakly polar solvents the tertiary structure of these proteins is
partially disrupted, and the effect of spiralization in SiAB, in
contrast to Yad, is insignificant /6/.

tlowevor, it seems to us that the secondary structure makes a
sreater contribution to the values of K, Igg, and t%_than tertiary.

Tnls is tostified to by the fact that in solvents with little
polarity in an acid medium, where tie tertiary structure is disrup-
ted, an increase of spirallzation leads, nevertheless, to a decrease
of X and amplification of intensity of afterluminescence. The
question concerning the influence of secondary and tertiary structure

of a protein on the parameters of afterluminescence requires further
investigations,

R . Conclusions

.Eﬁlnvestigations were made of the parameters of a number of
protcins in a native state, in solutions of urea, guanidine dodecyl=-
sulfate, and in weakly polar solvents.

8¢ Unfolding of the secondary structure of macromolecules of
pLrotein is accompanied by an increase in the constant of raete of

ry do do

avvenuation and a lessening of intensity of luminescence.

\30//An increase, under the influence of dodecylsulfate, of tne
dogreo of spiralization of protein whicn has been denatured by
ursa leads to restoration of tne value of K to values waich are
caaracteristic for native protein.

-4, 4n increase of degree of spiralization wlith a simultaneous
disruption of tertiary structure leads to an increase in intensity

«nd decrease of the constant of the rate of attenuation of after-
luminescence.

’~;S, The structure of a macromolecule exerts a prodominant in-
fluence on the parameters of afterluminescence of prozteins in the
course of obscure processes whica begin after cessation of irradiation
and lead to scintillation. ( ) .
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6. To a cortain depree the parameters of afterlumincscence: of
srotolns reflect the dugree of alpha-sgiralization of their poly-‘f
»reptlido chains,
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