




8.2 Truncation of the Cytoplasmic H4-HS Loop of the a+/K+-ATPase u -subunit

and the T P-ATP Binding

8.2 .1 Motivation

Molecular modclling o f the 114-H5 loop ol' thc a t/K f
_ TPase according to thc El­

Ca2
+ TPase ( ttrich 2001) rcvca led thc - and Pvdomaiu structurcs that ha been

almost idcntieal with those found with r -ray crystallography and NMR analysis

(Hakan.. on 2003~ Hilge 2003). In silico dock ing o! A'IP and r-r N P-/\ 'r l> to thc 114-115

I op .. how d a. .ingle A r-rp binding sitc only (Kuba la 2( 03) (Fig. 16). In this active site

rc iding b twecn 1390 and L~576 (Tahle 1)., cight arnino ac ids interaet with A'TP (Kubala

200 ).

o co .. ure that thc docking experimcnts reflcct actually thc propcrtics of thc loop

ln .o lutio n W F nalyzed T P-ATI cquilibrium hinding to thc (I J354- I777 )--CiS
r r fusion

prot in th: t ontain.. hoth thc -domain and P<dornain. Experimcntal titration rcsult

wcre fittcd t f) th oreti cal curvcs (Chapter 7.1.1)., desc rihing thc TNP-ATP binding for

on I J .-nd two (2] binding sites in ordcr to assess thc numbcr of hinding sites on the

~1 -1151) p.

Furth r me ns to earch for a second AT'P binding site was thc prcparation of

scvcral .h rter iop onstructs. Conscqucntly, a number of GS'ľ fusion proteins starting

, t 1..1 ·n ng r t · ryi g '- t rminal ends wer cxprcssed and purified. Their

, bi i ies to bi d '( w re measurcd and analysed .

. mino tcrminal L hortcning of th 1) .P protein was testcd as well . W e prepared

h 'on .tr c 13 0- '6() I that lacks hl: p sphorylation itc at D369. With these

'on ' T t · the .arne meas urernent and analy i procedure was performed as with the -

t rminaI 'h )rt nin J ) ne -,.

Ihe r p- Tl' titration xperiment with the (L354--1777)--GST fusion protein revealed

hat l' P- 'lP bind to a ingle ite only. Fitting af the flu orescence enha ncement to

th theo retical .urves rl, 2), the single site nucleotide binding m del and the bind ing

model for o bi ndi ng sites (Fig. )7), gaye no indication fo r a second site.
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The construct without the C-tcnninal part 01' thc l)-donlain showcd unaltered Kl)

values of the H4-H5 loop-Třvl'<A'lP cornplcxcs oscillating around a mean value of 3.35

J.l M (Tahle 1). 'r he PvA'l P binding propertic ~ changed drastically, however, when C-

terminal .. hortening down to 1~ 5 2 7 rcrnovcd thosc parts 01' the -dornain that apparently

stabiIized its backbonc (F ig. 16). Wc obscrved an approxirnately 4()% increase of the

dissociation constant KJ) for the hortcned construct, I,J 54- 1,54 1 (Kl) ::- 4.73 ulvl), but a

harp ignificant increase of the Kl) for 'I' P-A'ťP ťor thc shortest construct, LJ 54-t~527

(2000/0, Kl) == 10.05 JlM; 'Tahle 1). We should add that shorter constructs could not be

purified because they showed an incrcasing tcndency to prccipitate in solution. This

, hortcst con truct I J 3 54- L~5 2 7 stili containcd all amino acid s known to bc neccssary to

bind rr p (Fig . 16) (Chapter 3.1 .1 .1.) .

Th -term ina l shortencd construct (I390-S60 1) showcd a single 'rNI)-Arr p

binding .. itc a ' well . The protcin had thc samc ' rN I > - !\' ľ l ) binding propcrties as the

long .. t prot in 1.135 1777 with Kl) -= 3.50 ~lM (Tahle 1).

.--- ------- -- - --- -,.----- --- ---- ---

[ .I ngth/arni no ' I~p-A' rp

- min acid sequcncc Bindingacid
or mutation (without G Fr ) Kl) (JlM)

Mean SEM
_.._--

354-L777 324 3.55 0.35
..- ---
I 354-1604 251 .3 0.06

-

390-860 1 212 3.5 0.07

I L354-P588 235 2.95 0.05
I ... - '.-

L354-L576 222 3.6 0.07
I

_ _ _ o

I L354-L541 188 4.73 0.19
I
I 354-L527 174 10.05 0.95I
I 398D (L354-1604) 251 3.3 0.2

1D369A (L354-1604) 251 3.5 0.5
-- --- --- - --- - '--- - --- _____ ___L __.______

I . b. I
1 . p. 'lP binding to II -HS loop- JST fusion proteins of different lengths. Ko values

ere .al .ulated using equation [ I J. The numbcr of binding sites for ATP for a H4-H5
Joo p as considered 1 for aJl investigated proteins. Mean values ± SEM are given at
I ast for si independent experiments.
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Fig. 17
Rinding f p, r-r r to the (IJ354-1777 ( .Srl' fusion protcin, and fit of the data to
quation.. f r 1 or 2 ' p-A'rp bind ing .ites. Thc (L354-1777 (]s rr fusion protein (1 .6

~l ) was titrat d with r- P-ATP in 50 mM Tris/I rCI., pll 7.5 at 37°C. Regression
r nalysi..' ce rdir g t thc equations [1) and (21 (sol id line: cquation t1) ~ broken line :
.qu tion [21 ., f r n-řl; also able I).

'hc int rpreta i ( ť the abov reported data on thc truncation of the l14-1-15 loop is

~)O id rably facilitat d by h avail ability o f a m lecu lar model (Ettrich 2001).

lJnfortunat ly, the str cture if the 14- 15 1<. m seerns to vary depending on the presence

f the phosphorylation irnain as .s a arent from the ťo llowing example. The model

ba .. cd on the I: I crystal structure of "a2
t- A'IPase (Toyoshima 2000) and respecting the

- and -termina! parts 'O h -do main ( ttrich 2001), hows ť'548 as part of the A P

.it (Fi J. I ). ( n the other hand, in the model based on the cry stal structure of the N-

om: in ot u' ! t ase and not including the -domain (Hakanson 2003) ( ig.18 ),

F - is buried und r the -. rfa ce of the ATP site. The role oť f~548 on the A'-fP and

r p, rl' binding has b en investigated carlier (Kuba la 2003, Hofbauerova 2003,

....002) The tl" ct o ť mutation of this speci fic amino acid on the nucleotide binding

prop rty o" the i olated 1-I4-H5 loop is rather drastic (Kuba) 2003). It remains,

howev r, unclear whether F548 directly interacts with ligands or whether its importance
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is just in the formation of the structural backbone of the ATP binding pocket. The

adjacent amino acid residue C549, can be labeIed by erythrosine isothiocyanate in the

membrane embedded a -/K ' ATPase after bIocking of the E 1 ATP binding site with

FIlC (Linnertz 1998). In the H4-H5 Ioop model of a'/K ' ATPase (Ettrich 2001)

obtained analogous ly to E I-Ca 2
' ATPase (Toyo hima 2000), F548 i part of the ATP

binding site and C549 is also accessible . However, in the crystal structure derived

exclusively from the -dornain (Hakanson 2003) , both arnino acids are hidden under

the surface as part of the structural backbone. lt seems therefore, that the model

respecting the Pvdomain-forming peptide exten ions of the N-donlain (Ettrich 2001) fits

better to these experimental findings .

. .",'

7I
I

..l

::J!" \' ~~" ~

I

Fig. 18
Recognition of FITC by amino acids forming the ATP binding site of the N-domain .
(A) Model of the whole loop in analogy to the E I-Ca2

t- ATPase structure (N- and P­
dornains, L354--L773). Covalent coupling af FITC to K501 is accomplished by a
hydrophobic interaction of the benzoyl-group within FITC with F548 . (B) Model based
on the -domain crystal structure of U2 Na +-/K t- ATPase (N-doma.i n only, R378-D586).
F548 is buried under the surface of the protein and therefore not able to interact with
ligands in the nucleotide binding pocket .

Molecular modell ing of the truncated H4-H5 loop revealed that a big part of the

-domain can be removed without decreasing the TNP-ATP binding properties

( ompare Table 1 with Fig. 16). The increase in Ko value of the TNP-ATP protein
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complex as found upon the extremc -terminal shortcning to the LI35 L527 con truct,

could be anal yzed by dynamic and encrgy minirni zation runs, and attributed to the

inc reased mobility ofcertain parts of thc loop structure (Fig. 16).

Consistent with recently reportcd data on NMR analysis (Hilge 2003), 1 })- 1 P

binding studics (Gatto 1998., Kubala 2003) and in silice docking experimcnts (Ettrich

2001), the abovc rcported data indicate (Figs 16 and 17., Tahle 1) that thc isolated 1-14­

H5 1<)OP of a tiK t A'I'Pase contains a .inglc A'lP sitc only . Fonner reports on the

exi tence of two ATP binding sites on both thc -domain and Pvdomain (Tran 1996,

Cavieres 2000) in the membrane cmbcdded sodium pump .hould therefore bc rc­

interpreted in term of the existence of othcr protcin conformations (Thoenges 1997,

1999) differing from that of the isolated 1-14-1-15 loop in sol ution.
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8.3 tructure of the TP Binding ~ ite

8.3.1 Motivation

MR study of isolatcd 'rhr~)7-LJCll()O() segment of ~ EI{('!\ (corresponding to the N­

dornain) showcd that Glu4J9~ Ser4XX and Val ) 14 are intlucnced by nucleotide binding

(Abu Abed 2002)~ corresponding residucs in a+/K t -A'lPase are A 'p443 ., -' cr477 and

et500 re pectively. Moreovcr, Fe2
+-oxidative cleavage ol' a tiK t_ATPase suggested

that ASp443 plays an irnportant role in A'I'P binding to and/or phosphorylation of the

enzyme (Patchornik 2002). The homology modelling of the Ha-Hx-loop predicted that

er477 could participate in A'T'}) binding (Ettrich 200 1). Finally, Met500 is closely

connected to the important LysS01_Ala503 region . Using site-directed mutagencsis, we

rl 441 477 d M ')00 . hlt" h . .d . Ar[,Pmutate sp 'I'" er an ct to c stim atc t c ro es o t esc ammo aCI s ln -

binding.

ln our previous work (Kubala 2003) we rcported. that thc mutation of Arg42J
,

hi .h is n th r di stant from the AT]' binding ite, resulted in a strong inhibition of both

'I' 1>- 'r p r od TP binding (K[)(l-- P-ATl") == 18 + 2 u.M and Kn(ATI)) == 31 + 10 mM).

This wr , rather surprising because this residuc is approxi mate ly 7Á from the bound

rn )1 10
(.: Je · nd lies outside the binding poekct. We pro sed, hence that Arg423 forms a

hydrogcn b ind wi h Jlu472 over a di: tance of 1.7 [~ and that thi s hydrogen bond

't biliz · the .hape )f th ~ wh I A'T binding poeket ( rubala 2003). Another distant

., which c uld b important for th proper shape of the A'T binding pocket, is

hich ÍL' eon .erv d am ng -A 'I' las .s. 'o verify these hypothcses we performed

I ~ m tation ~
, 472 d 489
JU an r .

Th ff ct o the m tations W' s evaluated by the bindi g of l~P-A P to the

i 'o l' t d - omain containing the given point mutation. We estimated earlier that some

mutations coul afteet only the -A binding but not the Ar P binding.

ompetitive di .placernent O r -A P by A was therefore used to test the intluence

o the point mutatk n on th -- binding of pure ATP.
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8.3.2 Re ults

AH the mutants wcre expressed as (J ~ ,rr - ťus i on proteins ln E'. coli and puriťied a

described in Chaptcr 6. Thc purity of proteins was checked by 120/0 (w/v) D -PAG .

We observed a single band at 53 kOa (Fig. 13). Thc cxprcssion lcvcl was high for all

mutants, cxcept for the P489A onc (Fig. }J). ll owever, cvcn in this case the synthesis

was sufficicntly high to perform all our C .pcrimcnts.

To verify that the G ~ T protcin itsclf does not hind 'rN I)- Arr l), thc G rl' protein

was incubat d with -I' I>-A'rl> and thc fluorescence was recordcd . The fluorescence

inten ity of r: PvA'l'P in buffer did not changc upon thc addition of the GsrI protein.

Thus, there wa no significant binding ol' 'I' P-A'I'P to (,S'I' observed over the whol e

rangc of 1 P- TP conccntrations used in our study. Accordingly, thc GST-H4-H5­

I op fu sion protein was considered to bc a suitable model system for studying the

binding of T p_ . ' P to thc Af'Pvbinding site. In contrast, incubation of al l fusion

proteins with T p-A'rp re sultcd in a clear and significant incrcase in fluorescence

intensity corn parcd tf) Ol T in buffer or buffer alonc.

, infirmcd our previous result (Kubala 2()()2) and es imated that thc hinding ofl~P­

'r l t the i ,rr-rI JCU154_ lIe604 ) fu ion protcin (wil type) yielded the valuc of the

Is..' iatir n .ons ant Kp =- 3.1 _ 0.2 J.lM (Tahle 2). A new founding is that the M500A

mut: ti in did n t significantly v ry the r s ts { 1 i also mutati n E472A influenced the

l I binding only moderatel y n t ie ithcr hand , titration in the presence of

· 72 and 477 mutants resul ed i r c nsiderably ~ mailer increase of fluorescence

inten .ity as c im par d to wild-type. his ifference suggest.. that the NP-A P binding

as inhibit d in thes cases (Fig. I ). ven larger decrea.. e was observcd for the E472A

mutant, and interestingly, urther mutation ol' Arg42J (i.e. the I 423LE472A construct)

had no .ignificant additi na) intluence on this e ffect ( able 2). The most dramatic

.hange W'- s b rved with the P489A construct; the TNP-A P titration curve of this

mutant as un i stinguishablc from that in the absence of any p otein (Kp > 100 JlM).

Th timat d dissociation constants values are ummarized in the able 2.
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T P- TP binding to the 4-115 loop protein with point mutations in the presence and
ab enc ot 'I P, respectively. GS'T' fl sion proteins (1 .6 J.lM) con taining point mutations
( 500; B: 43A; 477A; D: E472A; E: P489A; F: wild type) were titrated

ith 1 p- rr p in 50 m Tris-H I, pf-I 7.5 (triangles) and in 50 mM Tris-H I, 20 mM
TP., pll 7.5 (ci rcles). For comparison, titration in pure buffer is shown (squares). Open
mb ls in graph O represent data for the double mutant R423LE472A.
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'r P-Al~P rl P-Binding
Binding

Mutation
K n (~M) Kl) (mM)

Mcan S~:M Mean EM

wild type 3.1 0.2 t 'J 0.7J .....
-

D443A 3.7 0.2 32 8

R423Ij 18 2 31 9

E472A 15 4 20 11

R423LE472.t\ 17 5 35 15

'477A l) I 7 1

P489A / 100 not analyzed

M500A .6 0.6 5 2
'--------- - -- - -- ---- --- '--- - - - _._--L-. ----

~ rah . 2

Dissoc iati ln con stants for T P-ATP and ArI P binding to thc Gsrr- f-14-}-15 fusion
protc in__". The resented data are the average and S~~M values frorn at least three
inu p nd nt m a urements.

2 2 ......·1• • _ o o
.

o ro eIO".

Ih · issociation - )ns a t ll' A'fP bindi ng to thc 11 - f IS-Joop of Na ~/K ~ -A'TPasc is

· boi t three r ers ť magnitudc highcr than the onc if 'T P_ArrP (Table 2). This

sug Jest · a certain stabilizin J role of the trinitrophenyl moiety of the fluorescence probe

in t irming of he c mple with protein. J ence., ( ne has tl) admit that the interaction of

the tri itr ph nyl m i ty i ," lf with h . 'l l -bi ding it might affect the apparent Kl)

, Iu ~ foun for our mutants. herefc rc, we determined the di ssociation constant of

rP-peptide c mplexes for all constructs as well .

mpetition a r th binding site betwccn A P anc r -ATP was used to

.han .t riz th binding of T to thc t si n proteins. r: 'hc presence of ATP in buffer

( ithout any protein) did ot infl uence the fluorescence intensity of rrN P-ATP.
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However, it ha changed significantly the fluorescence inten ity of P-ATP in the

titration experiment pcrformcd in thc presence of 477A and t\1 500A mutant (Fig.

19). A lower fluorescence intensity in thc presence 01' A'I P ind icated that some binding

sites were occupied by ATP. This effect was much smal lcr in thc presence o f D443A

and E472 A mutants, suggesting that the TP was bound to these mutants very weakly.

Indeed, we observed an increase of the valuc of the di sociation constant 6.2 + 0.7 mM

estimated for the wild-type (Tahle 2) to 32 + 8 111M for [)443 A and 20 + 11 mM for

E472A. In contrast, no signifi cant changc vas obscrvcd wi th the mutations 477A (7 +

1 m ) and 445 A (5 + 2 mM). The fact that mutant P489A didn't signiťicant l y interact

with p, 'lP disabled the cstimation of the dissociation constant for the ATP binding

in thi ca .e. The results of p-A'rp- and A'ťl)-binding to all mutants are ummarized

in Table 2.

IH V AT.- Z. FA LTY
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8.3.3 Discu
.
Ion

A part of the H4-t15 loop of a '-;K' -TPase ( equence Leu354_lleú(4) wa II ed to te t

the influence of point mutation on the binding of TP. T P- TP, the tluorescent

analog of ATP, ha been II ed to evaluate the e change in TP binding in term of

T P-ATP dissociation constant , a de cribed in Chapt r 7.1 .

All residues were replaced by re idue of imilar or lower polarity . Thi can, ln

principle, increase the T P-ATP microenv ironment polarity within the binding pocket

and, thu , intluence the a e srnent of the dis ociation constant . Fortunately, this effect

is likely to be much less then the observed difference between K l ) value for the wild

type protein and most mutant s. Fir t. the ATP binding ite is cornpo ed ať eight arnino

acids, and thus, one point mutation can hardly cau e a dramatic change in its polarity.

econd, we performed model calculation to how that even a relatively large error in

the y value estimation would vary the dissociation con tant for ATP only moderately ;

e.g., increa ing thev value from 2.3 to 4.5 would increase the calculated K l ) (ATP) for

E472A from 20 to 24 m.M only. Therefore, we could treat the fluorescence enhancernent

ťactor a a con tant for all the mutants .

I

j

Fig. 20
Difference in binding between ATP and TN-P-ATP. (A) The most important interactions
in TP binding are the aromat ic stacking between the adenosine moiety and F475 and
the hydrogen bonding of its H2 hydrogen donor with Q482 and D443 . (B) The
adenosine moiety ať T P-ATP is in the opposite position compared with ATP, and its

H2 hydrogen donor lies too much in the back of the picture to form a hydrogen bond
with D443 .
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The new model, based on the Hakanson s .tructure (1lakan 'on 2003 ) ~ was used

in computational docking experiment with Irce ATI) and '1' IJ-A'rp. In ilico docking

e perirncnts identified wcll the A'l'P binding site and re sul ted in the binding of both

substrates. The actual power of our model to interpret the rcsu lts of the tudie ofTNP­

ATP and A'I P binding to the l-I4-H5 loop (Tahle 2) needs to be tested further.

Additionally, this model had to interpret hy mcans nf ln silico docking e periments

(Fig. 20) th obscrved changcs in tcrms ar interaction with specific amino ac ids (Table

2).

8.3.. 472 423ydrogen Bond Between (.Iu and Ar~

To v rify the hypothesis ol' thc (, lu4 72
- Arg4 23 hydrogcn bond existence w e m utated

(Jlu472 to ee whether thi: mutation would havc an cffect similar to that of the mutatio n

of rg42J
. Indeed, a .tr ng decrease of nucleosidc triphosphatc hinding was o bserved

f( r r 1>- Tl' (Kn == 15 + 4 ~lM) and A'lP (Kn ~ 20 + 10 mM), and the values matched

i hin th range of crror va lues fo r Arg42J
. Morcovcr, the performance of the R423l",

mutation on the construct alrcady co nta ining the E472A mutation (i.e. the doub le­

nu r nt I 423lJi472 ) did not hri ng any sign ificant additional effect on both TN ll-ATP

( Kl) t: 17 + S ~M) and ATP (Ku ---= 35 + IS mM) bind ir g, and again, the values match

cll th vr I s btained fc r the R423L mutant. hus, we can see that these two

m t' ti ns has n additive cffect on thc nucleot ide binding, and this finding strongJy

p rts the hyp th sis that a hydrogen bo nd e ists between Arg42J and GIU472 (Fig. 21).

"' uch i n ťorma i n is beyond the resc lution ) .. both -domain structures mentioned

I lx ve . rea ing this hydrogen bond -a t instability in the stre tch of amino acids

. h d h 47"5 L 480 I 482 - hi h bi di k hi h .ntam ng t e resi ues e , ys ar n W1t ln t e ln Ing pac et, W JC are ln

pr imity of the other residues involved in the ATP bindi g, such as Lys501 or Glu446
.

1 hi ~ o rre .ponds t ur observation that nl tation of Arg42J
BJ1(j <Jlu472 1ead to a strong

inh ibi tion o f Pase (Scheincr obis 1999).

o 89 esmu

E n more dramatic hanges were observed after mutation of the c nserved residue

Pro48
\} . We were did not detect any TNP-ATP bi nding, suggesting that the performed
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mutation substantially inf1 uenced the tructure of the nucleotide-binding ite. lndeed,

Pro489 is located on the loop connecting the third and fourth ~- trands of the -domain

(Fig . 22), and forrn a kind of hinge between them . Proline i the onI re idue that

forces the peptidic backbone to adopt the cis-conformation. Thu , the replacement of

Pro4R9 by any other amino acid i 1 expected to re ult in the change of the mutual po ition

of the third and fourth ~- heets . The third ~- trand c .mtain re idue Ly 4XO and Gln4R2
,

while the fourth ~- trand contain the egment Ly 501 _ la503
. Proper mutual po ition of

these residues is required for the effecti ve ATP recognition . Thus, thePro4X9 mutation

atTect the backbone forrning ofthe TP binding ite rather indirectly, imilarly to what

was discussed for Arg 421 and Glu472 in the previou paragraph.

Fig. 21
Hydrogen bond between Glu472 and Arg423. The shape of the ATP-binding pocket is
upported by a hydrogen bond between GIU472 and Arg423 that brings the stretch of

amino acid containing residues Phe475 and GIU482 (not shown) elose to other residues
involved in TP binding, such as Glu446 and Lys501 (not shown) .
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8.3.3.3 Difference Between the ATP and the T »-ATl' Binding

Mutation of Ser477 resulted in a modcratc chanuc of thc dissociation con tant ťor 'I'NP-
~

ATP binding, whcrcas A'IP binding was not afťectcd at al1 (Tahle 2). Although this

residue i localizcd more than 4.1 A away ťrom A'll' its closest di stance to the

Meissenhcimer complcx of TNll-ATP is only 2.5 J\. We concludc thcrcfore that er477

interact clo cly with the trinitrophcnyl residuc oť thc more bulk y 'I'Nll_A'I' P.

However, such an argument failcd in thc casc ar thc Asp443 mutation (Table 2),

for which, we obscrvcd practically no differcncc in 'I' Il_Arrp binding., while the

binding of pure ATP was strongly supprcsscd. In silico docking of both substrates

rcvealed that the position oť thc A'I'P in thc binding pocket is not precisely the same as

the position of the adenos ine tripho phate part of thc 'l P-ATI>(F ig, 20). The aromatic

ing int raction betwce n the adcno ine moiety and f>he475 and hydrogen bonding of

th ~ adeno ine H2 hydrogen donor were described tl) be thc most important interactions

of T!' and the protc in (Kubala 20()2~ Kubala 2003a~ Hilge 2003). On the basis of

m rlecular modclli ng of both substrates in thc binding pocket, we hypothesize the

ist nce .lf th di rect hydrogen bonding of thc 6-NH2 gro up of the adenine moiety with

dn4S2 and ~ ' p44J in the case of ATP. It hould be emphasized that three-dimens ional

fitting o thc .tructure and our model structure, both with bound Ar-rp, shows that

t c ~ denosin 2 hydr gen donor in both structures i: in nearly the same position,

mly ( . frorn ach ther. r: P-A 'P., however, lies in a slightly differcnt orientation

in the binding P)C et, and we are unahle to observe hydrogen bonding of its 6-N f -I2

hy r ig n donor. ot that A Sp44J is I pproxi ately 6 A from the adenosine moiety in

th R .tructure, which mak s the direct interaction rather unlikely. However, if one

mpares th binding pocket o the crystal structure with that of both NMR structures, a

i .crepancy in th po ition of D443 (D450 in the NMR structures) is found. he

carbo yl zro p f the 443 in the crystal structure is 2.7 A fr _m the position in the

nructure witho t and 3.4 A with ATP. Moreover, recently published

rn tagen si ' (lmagawa 2003 and iron-oxidative cleavage (Patchomik 2002)

periments suggested the importance of this residue for ATP binding. This discrepancy

.o Id re eet different transient ubconformations of the protein and/or some segmental
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dynamics. However, e .planation ať the di crepan y between the

other experiments may need further inve tigation

R tructure and

8.3.3.4 t500 R ider e I ue- o Interacti on with TP

from the TP molecule, it

M . f M "00 1 d . hutation o et- a tere neit er T P-ATP nor

backbone of thi re idue i 6.1

TP bindinu....... lt hough the peptidic

ide chain i probably

buried under the surface, and its mutation cannot intluence the ligand binding (Fig. 22).

F· ??19. --
-domain of the H4-H5 loop with Pr0489 and Met 500 residu es highlighted. Pr0489 is

located on the loop connecting the third and fourth ~-strands of the N-domain, forming
a hinge between them. Proline is the only residue that forces the peptidic backbone to
ado pt the ci -conformation and its mutation results in complete loss of ability to bind
ATP. ide chain of Met500 is buried under the surface of the protein and its mutation
doe not intluence the ATP binding.
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9. Perspectives

9.1 . Motivation

ln order to obtain more information on thc quartery structure of the Na t) K + A'TPasc, on

the possibility of the dimer formation and also (ln thc conformational changes of thc

H4-f-J loop during the catalytic cyc lc, a ncw projcct is currently in progress . Its goals

cannot be meet with thc molccular biology n cthods wc u cd for the characterisation of

thc A'IP binding site, structural stabi li ty and the e ffcc ts of the loop truncations, The

main i ~ ue i ~ thc existence of the CJ I- T tag. GST is a rel atively large protein

approximately of thc amc size as thc 114-1 15 loop, and thus, when in the form of a

fUL ion protein, can di sablc possiblc multimerization and/or confo rma tio na l changes of

th f-14-~I5 loop and thcir monito ring. Thc fusion protcin can be clcaved by thrombin

an d the G therealter rcmoved, as was done in the I:ITC aniso tropy stud ics for the

LJ -4-P588 con truct. l lowever, for íuturc experirncnts \NC eons idered not having the

(J L_ tag in our co ns truct at all to be the casicst ano most rigorous way.

Th is wa achieved by subcloni ng thc W'I' DNA to ano thc r express io n vector,

pl: -- 21 b. Thi: vcctor contains thc cqucnce coding the Kanamyci n resistance ., and thc

sequcncc c ding thc lis t r g - a .equencc f 6 histidi ncs, which fuses with our 1-14-115

loop and .s e ployed in the purific tion process in a: alogy with thc GS'I '. Hi s tag is

rather ' · II ln c parison with thc (Jsr-r and its cffect on the 1-14-1-15 loop

multim riz ti n n i s m nitoring can be neglected.

e c · the tryptophane fluc rcscer .e o be a measure of the con formational

changes r dimerization. ryptophan orescence is known to be sensit ive to the

p )Iarity of its cnvironment. onformational change ar a dimerization can be thus

tect d by a change in the emi sio n spectra when an originally water-exposed

tryptophane re sidue becornes buried in the hydrophobic protein environment or vice

rsa. The change in emissio n spec tra can be correctly interpreted only if a single

tr ptophan re sidu ig a l is co llected. Hence, it was essential to construct several

'in le tryptophane mutants. here are two tryptophan residues within the wild type H4­

ll- loop, i.e., II and W3 5 (Fig. 23). These tryptophane residues were mutated for

phen lalanine residues, thus producing two different single-tryptophane mutants

II F and 3 5F, and no-tryptophane mutant W411 FW385F. Having used this no-
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tryptophane double-rnutant a a template for other mutation , we obtained another et of

single non-native tryptophan mutant : F404W, F571 W, F426W, V684W, L733W,

F683 W, 1627W and H4 96W. ln thi way, tryptophane residue were in erted into

different parts ofthe H4-H5 loop where they perforrn like a " natural" fluore cent probe .

: =- •

(

~-domain

Pv dornain

Fig. 2~
odel ofthe H4-Hs loop (two different views) . Both the natural and mutant positions of

tryptophane residues are shown in red. The constructs, with a single tryptophan residue,
were prepared and used in order to e. pl re the conformational changes and the
quaternary tructure of the a ~ IK t ATPa e.
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9.2. Experimental Procedures and Preliminary Result

ln order to induce and dctcct a dimcri zation or a conformational changc ol' the ingle­

tryptophane mutant, the sample was ti trated by di ffercnt 1igands and the tryptophane

fluorescence emi .sion was rccordcd . Custorn software was dcvcloped for thc evaluation

of emi sion pcctra using thc Matl.ab cnvironmcnt. Thc background was subtracted., the

emis ion peak was ťitted to a scco nd ordcr polynomial, and thc po sition of the

maximum of this curve was rccordcd. The titration curves wcre plotted in two different

ways: (i) as thc wavclength at the cmissi on spectrum maximum versus the ligand

conc ntration, and (ii) the fluorescence intensi ty vcr us thc ligand concentration.

R ., ult: ol' thc first cx pe rimcntal sequcnce sho w that seve ra l amino acid residues

(W 85, W411 ., W571 , W627 and W683) exhibit a shift o l' thc fluore cence maxima and,

notably, the W627 and W683 residucs cxhibit thc blue shift, which indicates that these

particular amino acid residues are locatcd within a segment that i , buricd upon the

c nformational change. Another, intcresting hypothc .is deals with a possibility that the

particular amine) acid residc.. in the contact site of thc dimer during its ormation.

Unfort nately ., we dont havc cnough information yet to makc any conclusions.

dditional expcrimcnts are thcrefore to bc performed. Thc first part of this

future pr ijecr w ill rc ly on thc tryptophanc fluorescence quenchi ng. It is expected that

thc solvent-c pose r s idue: will be quenched casie than the residues enwrapped

wi thin hc cor f t e protei n, thus providing similar inf rmation as the ligand titration

p rimcnt . r 'he di fc rcnc ~ betw cn the conformationa changcs and the dimerization

íll be th reafter e: plored by means )f im. csolved fluore cence spectroscopy. The

anis nropy ecay the tryptophane f re cence wil l be measured for particular

mutant ' .n the prc .ence o f the ligands nd the distribution of the rotational corre lation

times ill cornp t d . hi will provide us better insight in the changes in size

· n r e ibility f th l 4-1-- 5 loop upon the ligand binding.
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1O. Conclusion

ln this project we have analyzed the structural properties of the a-i/K t- A'TPase and, in

particular, characterized its ATP binding sitc. The overall tability ol' the N-domain of

the 1--14-1-[5 loop of the a +-/K +- A'lPase was c amined by thc means ol' teady state and

time resolved fluorescence spectroscopy. l Jsing the I-Il~C ani sotropy decay and eosin

fluorescence we have shown that thc -dornain of thc 114-1-15 loop ťonns a rigid

strne ur without any fl exible scgrnents.

sing the too ls of molecular modcl ling, we have built a model of the l-I4-1-15

loop of the a-subunit of the a IK t ATPase. This molecular model was used for the

truncation pcrimcnts, The wild type scquencc ol' thc H4-1-15 loop of the o-subunit of

the a+/K+ ATl'ase wa.. trimmed from both, - and C-tennini and the ability of the

truncated c nstructs to bind the 'I p-A'rl) '1 a fluore sccnt analog of A'I'P, was tested in

ord r to timate the number and localizat ion of the ATP binding sites. lt was shown

that th re is only onc A']'P bindin g .ite rcsiding on thc -dornain of thc H4-1-l5 loop ol'

thc a tiK + ATPase.

The molecular model of the 1-14-1 15 loop of the Na tiK + A 'TPasc was also used tc

pint out ( mino acid residues that might bc involvcd in thc ATP binding. These residues

were n utated and the ability of these mutant constructs to hind the ATP was tested and

c rnpar d t th wild type protcin. T lP-A II titration and eompetition experiments

.rc us d for the ctermination of thc AT binding. Apart frorn previously reported

f min ) (cid re .id Je nec .sary for thc AT binding, w nave found everal amino acid

resi ues thé t ~ upport the overal form o ' the A1~P binding site and we have confirmed

that th " hydrogen bond between JI 4 7
1

ar ' /\rr
J

423 is c sential for the maintenance of

th proper .hap of the P bindi 1 c eL Jsing the in ilico docking procedure we

hav al o pointed out the difference between the A and P-ATP binding to the

Pbin ing site o the a tIK t- A ase.
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