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Roman analysis of Na*,K*-ATPasc structural changes induced by cation binding reveals a slight decrease (< 10%) of the a-helical content upon 
E,-E2 transition. Pronounced conformational clxu~ges ol’the enzyme are unlikely as the character of the onv’iconment of tyrosinc residues remains 

unaltered. However, local changes can take place as evidenced by changes in tryptophan vibration at about 880 cm-l. 
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1, 1NTRODUCTION 2. EXPERIMENTAL 

Although a considerable body of information ac- 
crued since Skou’s discovery of Na’,K+-ATPase (the 
enzyme responsible for the asymmetric distribution of 
univalent cations between animal cells and their me- 
dium [l]), discussion on the conformational changes 
associated with its Function is still open. The ATPase 
can reversibly alternate between two major conforma- 
tions: the E, form, which is the high-affinity ‘sodium 
form’, and the E2 form, which is the low-affinity ‘potas- 
sium form’ [2,3]. 

The Na+.K+-ATPase was purified from the outer mrdulla of frozen 
lamb kidneys by the method of I :ane et al. [8] and stored at 4°C until 
used. After polyacrylamide pcl clcctrophorcsis, the protein showed 
only two protein bands corresponding to molecular weights of the a 
(-100 kDa) and p (-50 kDa) subunits. The initial specific activity 
when purilicd was between 1,000 and 1,200 pmol of P,/mg/h. Activity 
measurements were made as described by Abbott et al. [9]. 

For li~~lan experiments, the samples with ATPasc concentrations 
of approximately IO-I 5 mg/ml were used (Tris-HCI buffer, pH 7.4). 
The Final corxentration of K‘ ions used IO convert the E, form (us 
isolated) to the El form was 20 mM (by addition of KCI). Thesamples 
rctaincd a~ least 90% of their activity after scvcral hours of illumirxt- 
lion, 

The E,-E, transition may cause changes in the repre- 
sentation of various secondary structure types, as well 
as changes in the position of cc-helices or p-sheets with 
or without changing their relative proportion. So far, 
circular dichroism [4,5] and vibrational spcctroscopies 
(iR [6] and Ra man [7]) have been used to monitor the 
changes of the secondary structure: The results gave, 
however, an unclear picture as the El-E2 (Na+-to-K+) 
transition was reported to be accompanied by a 7% 
decrease of a-helical content (by CD [4]), or by a negli- 
gible change of the secondary structure (by CD [S] and 
IR [6]), or, by a 10% increase of the relative amount of 
a-helices (Raman [7]). 

Hamnn speclra were taken using a 514.5 nm cxcilation from an 
argon ion laser with, typically, 100 mW light power unfocussed at the 
sample to a beam with a diameter of about 0.5 mm. The samples were 
held in a quartz thermostated microccll (5 yl) stabilized at 4°C. A 
computer-as&cd modular Raman syslem [IO], consisting ofa Jobin- 
Yvon THR 1500 monochromator with a Raman holographic edge 
filter (POC), placed at the entrance slit and a cooled RCA 31034-A07 
photomultipliercoupled with an ORTEC photon counting system was 
used. Spectral bandpass was set to 7 cm-‘. Data points were taken at 
cvcry I cm-’ with I .5 s/point integration time for one scan. Routinely, 
up to G4 scan: in 2SO or I50 cm-’ ranges were taken. The spectra were 
not subjcctcd to smoothing procedures. The difference spcc rum wns 
obtained by direct subtraction of the accumuluted spectrum .f tlhe E, 
form from the E? one. 

The careful Raman analysis carried out here reveals 
a slight decrease of the a-helical content upon the E,-E2 
transition. Greater conformation4 changes of the en- 
zyme are, however, unlikely as the environment OF the 
ATPase tyrosine residues does not significantly change. 

3. RESULTS AND DISCUSSION 

Corrcspmdcnce cddress: P. MojzcB, Institute of Physics, Charles Uni- 
versity, Kc Karlovu 3, CS-121 I6 Prague 2, Czechoslovakia. 

Experimental data for the Amide I region of Raman 
spectra of Na+,K+-ATPase in both the E, and E2 forms 
and the respective (E,E,) difference spectrum are 
shown in Fig. 1A. The spectra exhibit a characteristic 
shape for AT&dependent ion pumps, which are integral 
membrane proteins [ 11 ,I 33. Raman spectra of these pro- 
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Fig. 1. Raman spectra or sheep Na’,K+-ATPsc. (A) The Amide I region. Tracts a and IJ correspond to the E2 and El forms ofthe Na’,K’-ATPa. 
respectively; trace c, E,E, difkrcnce spectrum. (B) The 800-950 cm-’ region. The lraces are Ihe same as for A. For the cxperimcnlal delails, 5ct 

SCCLlOn 2. 

teins are known to contain a contribution from the lipid 
molecules bound to the protein, together with a signal 
from the aqueous solvent. Hence, for studies of the 
relative amounts of the various secondary structures in 
each particular state (E, and E2), a subtraction of the 
lipid and solvent spectra was commonly done [7,1 I, 12). 
Then, after subtraction, an estimate of secondary struc- 
ture in both states, E, and E,, was performed and the 
structural changes were then characterized as large (a 
10% increase in or-structure [7]). As the subtraction of 
solvent and lipid contribution from the spectra may 
significantly influence the experimental data, we com- 
pared the spectra of the enzyme in the E, and El states 
without any subtraction. The result (Fig. 1A) shows a 
characteristic differential feature with a minimum at 
1,654 cm-’ and a maximum at about 3 $5’12 cm-‘, which 
can be interpreted as a decrease in a-helical content 
together with a corresponding increase of j-structure 
during the I$-& change. The extent of this change can 
only be assessed as being less than 10%. 

This result is in agreement with CD data of Gresalfi 
and Wallace [4] who found a 7% decrease in a-helicity. 
Another CD sturij performed by Hastings et -al. [S], as 
well as an IR study of Chctverin and Brazhnikov [6] did 
not, however, confirm changes in the secondary struc- 
ture. On the other hand, the Raman study mentioned 
above [7] (with data processing including double sub- 
traction) indicated pronounced changes of the second- 

ary structure but in an opposite direction to those found 
here and by Gresalfi and Wallace [43: a 10% increase in 
a-helicity in the Ez form (in the presence of K’). This 
disagreement is difficult to explain. We feel that there 
may be two reasons. (i) Treatment of samples may lead 
to changes in their optical properties and structure. We 
experienced this when examining three types of samples 
which differed in the method of preparation and in the 
way of preserving the purified enzyme. Although both 
highly purified samples gave perfectly reproducible 
Raman spectra, the extent of structural changes and the 
spectra1 quality was higher with the sample which was 
kept all the time at about PC. The data presented here 
are those obtained with this sample. Hence, it may be 
possible that the degree of purification, ihc influence of 
lipid molecules attached to the isolated enzyme and 
possible conformational changes caused by changing 
the temperature, m2y influence the final result. (ii) The 
subtraction method may be another source of error, as 
already mentioned in the original paper 11 I]. Hence, the 
subtraction of the lipid and solvent spectra was avoided 
here to obtain the tbifference based solely on the effect 
of the El-El state transition. 

Another marker of possible conformational changes 
is the relative exposure of aromatic, mainly tyrosinc 
r&iurs as monitoi& bj* the Identity C!IM~CS of a 
tyrosine doublet at @O/830 cm-’ 1131. The intensity 
ratio, &,/lalo, is known to be sensitive to rhe states of 
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hydrogen bondillg at the phenolic OH group; however, 
an El-E2 state transition apparently did not cause sig- 
nificant change of the ratio. The value of the I,,dI,,, 
intensity ratio -0.5 can be interpreted as reflecting a low 
relative accessibility of the tyrosine residues (i.e. tyro- 
sine residues are buried inside the enzyme) and a high 
one (above 1) for the more exposed ones which can form 
H-bonds with the solvent, water. The value of about 0.6 
found for the Na+,K’-ATPase sample in this study (Fig. 
1B) indicates that the 24 tyrosines [14] in this enzyme 
are relatively buried. On the other hand, the presence 
of certain local conformational changes influencing the 
exposure of trypeoph;in residues [ 151 is indicated by the 
presence of a positive peak at about 8% c-m-’ in the 
difference spectrum (Fig. 1s). 

Hence, it can be stated that Raman spectroscopy, 
which is a powerful tool and complementary to CD 
spectroscopy and other methods used for studying pro- 
tein structure [16-181, revealed only subtle changes of 
the secondary structure of the sheep kidney Na’,K’- 
ATPase: a decrease in the cc-structure and a concomi- 
tant increase of the p-structure. However, gross confor- 
mational changes are unlikely as the average exposure 
of the tyrosine residues does not change. 
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