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S L

toplc under study (Chapter IV) deell only vlth cho-lcel

~

‘ -hlft neasure-ente q; The-e three NHR pcra-etere have been

‘ ot 1/2, as an exenple. eﬂ‘eu'

‘.-plnh ln identlcal chenical end,‘egne

A4

- "
"b

treated and dlnculeed 1n detmll 1n e nunber ot nonogrnph.
r

(Sllchterg 1963. Poole anq Farach, 1971 und 1972). In the o -

tollowing paraaruphs. a brlet outllne ot these pcreneters

°

ls presented ueinn proton nucleun,,wlth lpln quantu- nunber
, ek L i :

Nuclear -aznetls- 1. a -nc@o-coplc ph.no.,non v

(Bloch. 1946)._ The observed hehsvtor ot an NlR'éelonunce"73

rotlects the overall ettoct arlﬁlna tro- all th {nuclear

Lc‘e vlton-ent-,

the presence oi ‘ -tnt1¢ llanetic 11016 30.5-“Tﬁﬁh

“~ep1ns experience a -eanetlc tleld glven by.noi, depeunlhng?*”?f




‘ 1ovols 1- glveo by LHHOi : .f-vhoro M 1- tho -agnotlc
i . . " '. . .i&". . )
-o-ont ot the nucldu-. In additlon, thc nuclonr .pln-

.lntcruct 'lth each othor (-pln--piu 1ntoractlon) duo to tho'
T s 'y

-_ vory snall tiue-dcpendent tluctu.tlng naznotlc 11.ld

%

aflllng 15“: the onvlron-ont.- Thu.. thcy pree.-l wlth no

ph.l. coheronco at th. Lar-or pr.cosnlon trnqucney ”{_fﬁ“

glven by uH T vhcrc 7 ll thq -ngncgogyrlc ratlo.[.véfz

llﬁvordor to lnduco a ro-onande or tho nuclol ln
bqueatlon. a sultable clectro-agnotlc radlctlon at tho  ;
troquency wi 1- naod' Thc dltt.ronco hotv.on thc

“W

trequency and that ot a. cqrtiln retbrcnco llanal 1- knovn

. \.‘,A

;.as the cheuical shltt ot the nucloi. 'hon luch rcdlctlo'

a charaetorlntlc ti-e conatant T;, gon*r&lly no‘ A

B } . .

-pln-lattlce (or lonaltudlnal) rolaxatlon times

uddltlon, the cpln- tond to ro-u k*; i;:@




: prdbe-élbh;, Thln lcttor proco-- 1. knovn n- -pln-lpln ro-  v~

laxuflon vhlch ha- a chaructorl.tlc tl-e cog-tant Tg, knovn..»*f

’

. as.ﬁﬁ:ﬁ:pln--pln (or trcnsverlo) rolnxutlon'tlno.g”ykv

: : : > el

Rocent 1-provo-ont- ln lnitru-.ntatton Qllov‘tho e
-oa-uqcnont ot th..o nucloar phono-ona v.ry accurutoly tnd f:nf"’
e . R AR e

ln & roa-oncblo pcriod ofﬁtllo tor aany dlttoront typo. ot ?kV“fz

nuclol. -uch a- 1n, ’1P and uC--, Tho adv;ncon .ro vory

<

lnportant tor NIB qéudio- on tho-o dclicato cnipound. vhichf}*"

L

L ngy olthor bt un-tablc or nvailcblo only 1n vcry p-nll

LS

quantltlcl, Con-qqnontly, thc upplicutton ot NHR

tochnlques ln tho aroa ot bloloatcal ronosrchfh&- hoco-c
R n .

- lncronslngly usctul (Dvok. 1973. Bovoyv 1972)J~

R LT T afu1;viﬁg‘~“ﬂfl"*




SIncc -overal dltteront blologlcal co-poundq wtrc
1‘1nvestlgated and tho NIR tochnlqua. o-ployod vo?c dlttoront
:tor onch .tudyy tho tho.l. ll‘ lvidod lnto throo ch;ptorb..i~3 f

In oach chqpter. tho obJoct ot tho ro.oarch and tho blolo~f_f‘f 

'}”tlcul aspect. ot thn co-pound aro lntroducod togothor vtth o
fjthc relevcnt theory, oxporlnontal yrocoduro. rooult-." k
.dlscusslon chd conclu.lon-. J};g‘”‘”

. . . : . : “la“‘ » / .

k Chapter u dul- wlth tno blndlu mt.”' -

ud,plw-plm-b RN

5sdivalent -etul lon and cn onzyuo [ln(ll) lonf 

‘:succlnate«CoA~syntheta-e].V U-lng pul-od NIR t"chnlque-,  ;§;,j




- : ' ’ ! : : - '_n

| of thc dltural abundance uC nucl.l ot ATP in tho pro.onco -
o -

ot Kn(II) lons w.re noasurod.f Iho to-pornturo dopondonco 7 '
_or the rz procos-e- vcro tollowod. Tho dnta aro bo-t
l‘lnterpg;tod ln tor-s ot a thr.o-llte oxchcngh .yltc-._ The}

l3c T. dctn nllow the n.tul lon fo tdoulnc cprbon ¢1Itlnc..f“‘"

' 8 '. ?

,to be cclculated.~ A -odol 1or tho ln(ll)*nuclo_ f
: B NS . |_‘. S ‘: L "';_:

;jco-plox ls propa.od. SRR L o

F‘"‘lly' ‘“ Chﬂpfcr xv, tho -odo ot nolt-*ffff"‘
; "‘°°1‘t1°" °’ - °°"°“1Y °°cnrlna coonzy-o. follc actn. n-4fff

f’ﬂelt as 1ts contor-ation woro ltudlod by 'n nun. o rn*¥‘¥“
" ¥

'fchenlcal ehltt- ot tollc acld and that ot tvo podol

'-h

L»co-pounds vere -oasurod a- a tunctlon ot to-poratur. und

 ;concobtrat1on-' Rgaults lndlcate thnt tollc acld oxlst- 1n@}   1{

f an extended eontorqutlon ln solution.: In ‘ddltlon,;thiug ”k;fﬁ,,

f;no}ecules stack Ln solution qnd e po.clh}o nodol tor th

r-olecular asaocintion 1- propo.od{




N Jhk'- Succlnyl-CoA—Synthetaqe, abbrevlated as SCS&&&-

f one or the -oat 1mportant nnd complex enzymes ln'the'

::phOSPhOrua netaholls- (xautaun g; ;1, IQSQ).- Anona-vavious;?“Jau

Algources. the enzyno lsolated fron‘zgghggxghig nnll ls tho

1.one that has heen -oct thoroughly lnvqsticated ONIsh  ura.::

:;f1972. Bridger, 1974). It 18 co-po-fed ot two aubunus_(a '




fhctl# and p-pleatcd choet ntructur; 1n th. rntlo 0p18._e  r”ﬁ
'i0.14 and 0 08. rospecttvely (Krebl nnd Brldgcr._lO?l).< Thov
.'anlno acid co-poultlon- ot tho cnzy-e have hoon dotor-lnod : f3
»(Loltz-unn 11 nl. 1970). Bo'etpr. th;ico-ploto -oqunnc; -

_ hqq ngt‘beeq ngkg¢ out.: ’;f:ff'.T“f ;k»é; ';  ‘

< N . v « el

SCS cctnlyzc- thc tolloving rovcrnthle roaction

 1n the presence or dlvclont catlon.._fﬁ'

¢ e .

f aucclnyl-CoA * NDP + Pl ;Fzzﬁ -ucclnato + CoA * NTP
v iy

s .
I

'?fy ? f;_i H} é._ﬂ}.~'41iﬁi}}j};f{i. (Il-l)
fvher; CoA ntaﬁds fér‘éoe;zyno A;Hﬁi.atund; tor 1nor¢un1c
f% orthopﬁoa;hate. NDP and NTP uro. rospoctlvely, u{i i€?@i f
"&?jnucleoslde dl-Aend trt-pboaphattl. u*z 1- thoiffiif?;Liii;i

divalent -etal lon(lu;"z 1- -o-t co--only “..d)i'

fThe tobvard re ctlon repro-ents phosphorylctlon ln tho
fﬁtrlcarboxyljh'acld cycle (lautnan 31 ;L. 1953. Bltt .1 ;L,'

1953),’ chh 1- luportant m thl"»"_j » tabs

f*the subJoct ot 1ntonclv¢ rqsoarch

 fr¢v1owed (Nlahlnura, 1972. Brldaor. 1974)J

- IR R

Ty SR



2. munum-ntm ) LT e

Various technlques -uch a- 1-otope 1&b8111""

'rapld nlxtng and quenching huvo bnon u.od to -tudy tho :;}f_“}17

-

- klnotlc and catalytlc -ochanlan ot tho onzy-o (Brldaor.?i

;fﬁt h;n boon shovn that tho pholphorylntnd tor- of» '

f

'.'1974).“

. ,tha onzyne 1: an l-portant obliaatory lntcr-odlgt. ln th.;aif’“

o 3 R . » .

_catalysll (Brldgor 31 ;L, 1968. Grlnnoll nnd Nt-hlnurc. 3  R
,-'1969). ,_~'n,;}j7,'{,‘fﬁ;ff,jvf33=¢g,jg' 7;1 Tsf;tic[f.];f u,?3?

. ‘,V-;w: e

LA L

Roccnt cteady ltct‘ xln.tic qtudlo. (“otfct ‘nd_yyu;',

"-Brl.dgei-. 1970. 1913) uuuc.t. tmt tho nln rucuon putn--‘.’,‘j
. _ 5

‘;vaya can be rdprosnntod by tho tollovlnc nche-oz

CoA Succ

(E -ATP-CoA- Succ)
(E'ADP° s °Succ-CoA)

Succ CoA

Sy

- -
-

contrul conplox roprocontod by (B.ATP.COA~Succ) or

. (/




A 2

prop7rty vas tirst noted by Brldgor 31 gl (1968).‘ xn thﬁlr‘

.tudlea ot 33? lnotOpo exchange rato betwoon ADP ‘and ATP ln'

the’ preaenca ot phoapho-scs enzy-e. lt was tound thnt tho L

~»

-rate ot oxchanae ot 33? por unlt of onzy-o vnl -uch clovor -

thqn the - net cntalytlc ruta ghcn cll lub-trato. cto s

prosont. Addltlon ot lndlvldual -ub-tratcn (CoA or. w'j}- .
: B T
'Succlnate) aldne hus no ettact on th. cxchanau ruto, : -
: > : - e : S
‘vhoreas the lntroductlon ot Succlnyl-CoA (vhlch polscllo- ‘,

’the ossentlal tunctionai group.) lncrocneo tho oxchfngc VV‘

rate to . the tull net cqtalytlc rate levolo In tholrff>; 
'i“dlelo thes; researcher- alao ahoved that the onzy-; nni

be phosphorylated Nery rnpldlr by NTP-.vThe roactlon' :é i ;1iéfi
between scs and NrP. leading to tho tor-stlon ot a phos-ff’*

phoryiated enzyue (E—P), can thcrotoro bo rognrdod a. anl'ﬂi;;fﬁ
lnltrel rapid equlllbrium (pre-atea@y}?tato) ln tho ovorall

catalytlc nechanle- (KAUt-qn' 1955. Brldgor .; gl. 1968).:':;f15ﬁ

COnsequontly. the ovorall catctytlc rcaetlon nay

bo vvltten as. the tollovlna ﬂch'-°°f»1:;2f fﬂfR¥
7; ,’  _ ﬂ2v- ,. ;:.ﬁ‘%n;‘ S 2
S M7 Vo .
e 3 + N‘rP ‘.___——-‘ B-p + ND? (11-3)
:} ﬂf}]tﬁfffff;:‘ ';fl e :ﬁ¥2f;f]¥T Q”;‘C::“‘ L
SR B—P *succinate + Coa. ;::: B ¢ -ucclny1~CoA *Pl




! . . , Co . vl C ’/A;A_/"
v v b4 . .
° Lo e . N . ) . / . [
. . . T, . : .11 -0

‘ ' ‘/ A%
The verlous 1nter-edletee ln the eecond reectlon Bq.(ll-4)
(U . _ .

A . v

PO

‘ere stlll not. conpletely knovn. Tvo pqe-tbte eche-ee heve

been presented tor thts yroceee. ‘ ) S .
B N N . Ll . o

(1) The tirst sche-e (Heger. 1 62. Grlnelh end Nlehl-ur *

1969, Wnleh 31 ‘l, 1870) requlre- the preeence or an’
enzyne—bound phoephoryleted succinete (E-.ucclnyl-P) ,
. \ ! P '
‘hs a dlscrete lnternedlete. The lchene ney be vrltten

-

T ' ? +2 g -‘."-v S b_" ’8 -~ e
T e R U T S e
B-P_f.encctnete f———* B-eucclnyl-P A,(Ilfs)ﬂife_t&yr.

<@

e
R

s o +2 'jf“fﬂ.“~f" 3 :
. B-auccxnyl-P + CoA y;::: B +, euccinyl-CoA +P1
A ;g'~*f,»‘ g :;‘>Zw- ,.“_"-ﬁg:n: . (11-6) L
Sl e e SRERMEI 5 .uftn-

(11) The‘second schene (Knaen. 1962. Roblnaon 31 llo 1969)
L 1nvolvea a concerted nechenlnn whlch -ey be vritten-fﬁfﬁn'gnﬁ

:}‘g?;.- nﬁ-eievﬁ?'f,} f.;e;ﬁ”;i‘ntffnf;v:??f'fﬂ
B-P + aucclnete + GpA .;::; E—P-eucclnyl-CoA ;jf@lg 4{

[, B-P.succinyl-CoA 'c—-— B + '“°°""1"°°‘ * P ‘
R e RO ' L S :

;Flg. II—l llluetretee thle concerted echene;ln -or'

PR
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) thﬂco Qou how coﬁvodnh ﬁ.v&togo v Jo llwaaool .n.luaoo.-Ol ﬁonazn

.m: .a:@,_,.\ .n_«; _;.m_. 1L Lol «aoaa . qdlﬂl cona-aouv,

L]
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In all fh; reaqtlénsvof the enzy;e deacrlhed
~é;evl;;sly, the dlvnleﬁf 2§tlon lg(ll) ET- N always requlred
(;untman.IIQSS Brldgef, 1974 and refer;nces thereln)o The 
 ‘éresent work la to atudy jhe pOasible blndlng betveon the' 
-etal 1ons and the pbosphorytated enzyue (phospho-euzyne),
,‘5 the phosbho-enéyme la the . noatvstable and lmpottgnt torn  {
of thé enzy-e ln the cutulytlc rcactlon (Nottet gj Al, | |
= 1972, uonet and Brldger, 1973). In ttus study. lln(II)
lons are used hecguse they reee.iie closely ug(ll) long 1n~‘““
 :mostVb1ologlca1 -ystems (Vallae,,1960. Oleland, 1967.

: ; Daune, 1974) and also because the paranaznetlc propevtyrofyv
-;the Nn(ll) 1ons faellltntes the Nugrneaéurenents-/ The ﬂ“j:  

_approach ls hriezly outllned 1n the follawlng paragraphs.ifgjf

'hen Mn(!!) lonl blnd to nn onzy-o, thc envly&n- i%.

_-ent around the hound -etal lonc ls qulte dlt!erent fro-

ﬂthat of the unbound netal lons ln tbo lnna aolvont.;!_:‘ k

}" .

" any neighhorlng nuctel. Heneo, thcso‘cnvlronne tll chdhlﬂﬁ‘

f:vlll he experlenced by the soIVent vator paotons whon tho

fwater noleculeg neaidi'ln t%e coordlnntlon iphore- ot,tho"
'_-etnl lona.. sxnce thc wgtcrrfglocutos ar foxchan¢1n¢

'ffbetveen theso 1ons and tho bulk -otvant, the oboorvnd 4}3’L

i



‘ (. - uf:“ :;V' _ -", . - 43 '"[_ f;.
. . J , o
~betVQen these - lon. and the bulk lolvont. tho ob.orvod -~

~

‘jJ,-agnotic propartle- ot ‘the proton nuclol ot th. bulk -

-

'A’qolvqnt will thqn qontaln clt.coQ7r1butlon- tro- tho -
'iﬂzyitébgund,-qtgl ldh., the tro. -ct.l jons .l 'olt tlj S
LI ST _ _ e N

trq-;thé.pqpbfpoiygntg\ ._wv" j‘g s L S

- - By means ot ‘H NIR. tho-o -aanotlc propcrtlo- ccnlu

1
\

bo -ea-ured quantltatlvely ln tor-- ot tho protonbrotcx- g,
“ation raton (PRR) ot the water -olvont (Bln.lngor h; ‘1.

1962. Cohn and Lolgh. 1962)-T Purthor-oro; thf}proton ro-i;}af
:1axution rate arlllna tro- tho boq;d -.tct lonc on th .
; lenzy-e nay bo laolatad tro- the total oblorvod r-laxation“

. PN : : _
.A;rate when the conccntrutlons ot tho bound and unbound
’T(frce) netal lonl aro known; Thl- eat. -1r1 bo ulotul 1n
wAthe study ot structural toaturo ot tho portlon 1n tbo

.-\‘

'1970). In -cny caae-. tho re-ult- thul obtalnod*tro”iuln Q?ﬁ

: 1973). For exahple. 1n tho cnuc ot conccnnvalln-A, tho
_ P

: 4and oquatlon- wlll ho dl.cu--cd ln ordcr to lhov he ao ign

.z'ot tho oxpcrinont- tor tho ltudyo Tho,ffff;gg"’



1S

T T

5thb dllsoclatlon conctant ot thb cnzy..-ln(ll) 'oiﬁtpx-iqre :

-ousured uulng elcéirbq‘-plnfbolohanﬁéiﬂﬁSRilﬁyyhh(¢u§.§hf 

carried °“t as a tunctlon ot to-poraturo (4-433 c, tnd MR

.'troquoncy (6.--60 OIKz).

Co-blnlng tho.o rc-ult.. tho ro-.”ﬁ

rlcxatlon ratol are .nalyzcd ln dctajl to .tudy tho

-tructural toaturc- ot tho onzy-o ;round tho hgpnd,qgtql;'jdi

lon-.:“
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: Ihen an oﬁzy‘u.vlth nlcqul@slont -.tal Lon
 b1nd1ng.;1tea ln/lntroducod Ynto nn uquoou- -olutlon ot
n(II) lon-. -ouo ot tho ietal 1qn- wlll btnd to tho_ff?;ff¥ ¥
g”bindlng -ltes ln the onzy-e. Consoqunntly. tvo typba of t
“.-ot.l 1on couploxca cxl-t 1n -olut;o;-4!_qf;f;iiizﬁ{iilgi;’:
&) - ‘ Tho orlginal hcxa-;quo ln(II) lon co-pl;i.‘ﬁrr ‘-

[ln(nzo)¢]*¢, vhich 1. gn;x.n_xgag snd Abbrovlatod a-;f 5

. 'M' tro. ‘now on.:'T' 5‘1”<ﬂff‘f ~.hj,~_} Sg{ofﬁ-wp‘-.;'

) i ;“e;,-,‘ LT N SR T SR

 p)f'1Tho gnzx.g_hnnnﬁ ln(ll) lon co-ploxc [ln(B')(HgO)]**_'mxf

b‘f},sbbrqvlnted ll Mb Tbo coordlnstlon llt‘

¢




BT

CEPEE

-otul blndlng -ltcs. [E i 1‘ oqual to nx[E] , vhero '

e [E] 1. ‘the. .nz¥-o concontr.tlon.. KD 1. thi dl--ng"

‘:;woclatlon con-tant (to bc dltculcod (n thc tollovlnaf;

' loctlon). and the concontratlonl ot the co-ploxo-,

1 ; [Mf]nnd [Mb] aro rolctod to tho total -otcl lon

b{concentratlon [M ] "',f3 £E 7} f:¥ ”$3‘f-fL:f‘f}fifV“

o '1963)‘

*ijhora

a__




. - & .
llnear torm,»trom vhlch the values ot KD'

,‘: obtained easlly.'fﬂi

|- . l

'here— [Mb] ; o

e
"

A Llnear ptot ot

plot (Scatchard. 19490--f¥:l

'TI line glves,;;]/K

Bxperlnentulty,




o The ﬁl! -o;;ﬁr.;ont. ln th. ﬁr;ﬁ;éf stﬁd& ;;o on
'a{gg,,;§;§=;411;§§ rolaxatlon rat- (T;") ot tho 'ctori_;:_fi_
_ ,bé&tdni. Bencc, the prlnclplos ot tho -tudy sro dl.cu..cd
*;nlong vlth tho r‘lovant oquatlonl tor tho .pln—lattho ro~
:‘laxatlon tl-e (T;)- The corro-ponding oquation- tor th¢{ ;J'

fw .n1n_l21ﬂ r.laxatlon tlne (Tz) wlll bo do-crlbod and u.od .“11

-f?ln tho noxt study [Chapter III]u ‘Por llnpllclty ot“ SR

vﬁ‘notntlon ln thll chapt’r. tho ter- “'ater groton golaiatlon

f;:ate or vnter PRR" ls usod to,stand tor tho rolovant gnxn_

'lﬂiilna rolaxatlon rato. -;: 5 _ﬁfifU.H}'*

"91953).
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Mgl ¢ L= ey

CR ux-za»;,_f‘f

:ﬁfbébé'L3&n65L¥*£rcfo su.o chcllcul -ptclo. ('lt‘r)y butﬁfg-*"*

Lln dlttereat -agnotlc envlvon-pnt-m"n 1- tho nunbor~@uyf; 

--.fot -olvent ‘pteculel (vator -olnculos)fln;th'rtlrl

 'coord1nut1on sphore ot tho -otal lon.,and !;-taad-;#ib;’

'@»;tho enzyne—treo co-plox 1n the prostnt calc.(or :orn

_tho enzy-e-bound co-plex Ln tho uoxt cn-o to bo

’f{ conaidored).;; u5ﬁ }

'n.

: eFurthornéra, 1t 1- notod thnt tho concontr t n_o



o ways s

N
C e

be isolated frow that of the hulk solvent in the following .

(II 14)

thro T] ]1' th‘ vater PRR noh-ured-on thc lu(ll) .olutlon'ﬁ :;

R

ﬂnd T] 0 1- 1hat -oa-urod on a blank lolutlon (pu,. ;;"

"t‘f). i ',

The contrlbutlon 1- rotorrod to c. ”wator PBR of
LT ol B E R TS
7 'the "f co-plex" or “ T]pf.” tron nqw on. It la rclct.d to

.Hjthe nuclear relaxatlon and tho excbange ratea and 1; glv.n

Jﬁ*br (O‘Rcllley ‘and Poole. 1963. Luz and lolboon, 1964)




: 'he':t‘e".- e L )

The terms in the above equatlons are detlned as tollows. _ ff

(1) The quotient,( ' T ), ts commonly knovn aa the ”'.

R R ]pf _ o
r[' ‘.netmnllzsg vater PRR.; It 15 the water PRR ot tha

;complex per unlt netal 10n concentratlon,_t‘vg-“
. HQII) [M ] 13 the total Mn(II) lon concentratlon,'as we “”ii{; ;

v{tdlscussins the ottect when all the Mn(II) lons are 1n _lif;

.{f;the °“ZM“9“1’°° COIPIOXo: Thls pohnt 1111 bavturfher

ﬁ f claritled ln the aubsequent discussloa on Eq-(if‘17)

(111)

vif(li) fTT
{Qltime.‘when the -ater noloco}o {

. ,.sphere ot the notal 10“0'

fkﬂlk;ﬁﬁl gntﬁ



In analogy to tho procodlng dllculnlon-, 11 all

tho ln(II) 1onl cxllt as the onzy-c-bound Mb co-plox, tﬁc

corrospondlng water PRR of tho co-plox l..}_ 

(P T]pb) ,gg T o m'af;f{ﬁ;?k,j fj7 
S Figo L

(11-16)1;f*s
vhere the tor-q aro ulnllnrly\dotlnod a- thoue 1n Eqa(II-,f‘”

15). and th. -ub-crlpt h 1: u.od to lndlcqto thct thoiA[f“’

Co

ter- 13 tdr th. onzyne-bound eo-plox.f q* 1- thg

. '/ .

‘ wcter noloculc. ln tho tlr-t coordlnutlon ;gfi:f

' T
vtho co-plox nnd 1- $ 6 ln thc

cq-o ot th-

ound :lln( u) lon. _l;f'i_.;.‘f-'
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R R 7 IR H -1
T '  5  f Tle‘f+,,[ b] ’r lﬁgg;' ,
‘.[Mtl<: ; P [Mt] L

| .) |'f. : _;,~??-;f}5fx}i.fﬁ'ff:7: (11-17)
'  vhoro [M ] and [Mf] are.'ro-poctlvoly. tho codccntﬂitlon ot!': 3
- ‘ tho ouzy-c-bound and onzy-o—tr;§ co-ploxo. nnd.tro e
% rolatod ln.th. .qulllbrtum a- glv.n by BQI.(II-O) to£ i?ﬂ1f

(11-11x.e - i | “  An..,;. | ‘

- IR o “fff713 “' L
Convontlonully, tho abovo Qquotlon 1. oxpro.lodif,jﬁ;_
Ln the tollowlna tor--..‘ﬁ;‘ ‘ o ’ i

T [M ] [M ] r
1pobs~;‘ f b lpb

R ey " L b |

..f€  9ES [Mt] ["t]
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‘y . . & - '.. " ‘ ! ... N
The relaxation rate ratlo at ‘the right hand slde ot Co

.

-the equatfon 15 known es the binury enhancenent ot the‘;' 

complex, - ﬁbZ.vf

Bxperlnentally, the water PRR ot the enzyme-bound’-”
-'complex -is theretore celculated ualng qu(II 17) by

"neasuring the related terms in the equgtion.’;

re el

.

 ‘(L) ; The concentrations ot the two complexes. Vhlch are :“"

f” obtained uslng the EPR technlques aa prevlously -

P

descrlbed.

(11) The oVerall water PRR. Whlch 13 neasured by the NMR . ,

experlments thnt'yleld ﬁwv' and T1 - 5 7”"""‘

pobs BT e Ty gt e T e

gt e s R e e .V;cgﬁa
:fwherg_;T] ;0 18 the Water proton spln-lattice réluxa-:-x»
‘rjytlon tlne ot a aolutlon thnt only\contg1n5; f3;5

[ e RN
:-31he enzyme. and ;TT ls the T, of.nvsolutlonf?

_ (111) Pinally, the water PRR of the enzyme-fres complex”

S R




'hlchis 65tg1n~%}9 ln a ‘1‘1'_';1‘ -nnn“‘ ll dﬁlcl‘lb‘d "
n..'lfh'_lé_c‘l;o(l‘l'-.\lli)."..l'n "w‘t'x'lci:h:"'t»l‘i’o_ i ( 1) lon ' o
-éoﬁégn,tvrqtlon is the m as tho ono ,u}.o’c»i. ln t;u
.ﬁrdcgdlaé _..loa.‘.j‘u;r‘oln"ntic'v-[( i1 )o L SR : - L

3
r.



R _~A;‘»‘1_ o e -
‘ o ; ‘, Tho NHR oxch;ng. rato. nnd th. nucl.gr rclaxatlon~
 'fito. rolsted to thc watcr PRR of tho conploxo. ‘r. dL.—;f
‘:-cu--od ln thll loctlou. B.phacla 1. on tho t..p.r.turo .ud

tr.quoncy (-agnetlc tlold ltrcngth)-cttoct- on tho.c rnt.t..

,.a
-

cs thoco d.pcndonco- tor- tho baald ot tho pr.oont NIR -

.t\ldyo

TR Y

. Ina m meuxu;

. The uun oxchnng. lltcxlno 1n tho oxchungo—.yqto-
[Bq.(ll~l3)] cun bo gonorcllzod 1n tho !ollowlng dotinltlon
. (Gutovsky and S&lka. 1953 ). S ' ‘ ) | / ‘:‘_.'

oy o ik

In tho present exchﬁnlo .y-t‘-'-'iﬁsi (J't' b) Ip tho ;S3ﬁ j

PR

.oxchango 1Ltot1-o ot ‘the water! -otoculo whlch bichang.l o

tro- tho _MJ'cOIplox to the bulk solvont.;

con-tunt [vlth ro-poct to tho :p.cloo'  ;

"i‘s?'f**v



S .
3 T o -

t . .
o it

Thc ovcrnll to-poratur. vurlutlon ot tho -xchunca“f
~rnto can ho cxprcuued ln ter-- ot tho ;ctlvutlon para-cterai
ltron tho tran-ltlon--ﬁnte thcory (Byrlng' 1935. Glasstone

et ale 19a1): -

Tmp L2 e - AHi .H451:ﬁ f
RTINS Rt §

(11-20)

A ‘Vv.h‘e‘r‘e' sdhicti pf . :m'

i (lsf. b) donotop that thc oxchcnsc tlfdy?
1: ot the onzyno—troq qnd th. qnzyf -

”.._"r--pocuvety. . n 1.; the ¢a- con-“_ﬂ*."' " “’ "". *““’"

'nu-ber, h 13 Pl.nck's conltnnt,'and Tgll tho ab-olutp

»‘tenperuturc.,‘ AHT .nd 'ASI ot

o “cctlvatlon ¢nthalpy cnd ontrops tar th- coPFG'POnd

;rocpoctlvoly, tho

_7cxchan¢c tro- tho M1 co-plox to tho'hulk solvcat.

.g!ovcver, ln so-e cc.as, the cxchunad rut.

3,

glonlc strongtb ot an. Qx[hanuo .y-tohgisnd hck

ﬁu-etut to tho -tudles )

co-pl-x



" not diaqusgd:Infdéfall;in 3h6 thesis,

Ai7fﬁei T]m : and T]mb f.laxntlon ti-o- of. ho-ﬁﬂ} B




{-1958. Bornhelu gx .L. 1959. Ptoltor. 1962. Poacocko g; ‘1' ;%

;;1969. Rouben and Cohn. 1970).> At vcry lov trequonclci (s

= llnz). hovover. the tcclar contrlbutlon wlll nllo boco-o

'chgnlticcnt to tho Tg rolaxatlou (¢odr1n¢ton uud

‘,\_,.

]Bloo-bergon. 1958).- Furthcr-or.. dl-crop.nclqa'tor tho.f S

lﬂccalar 1ntornctlon 1ron tho SOquon~Bloo-bor¢on oquctbsn

o"

5?havo beon tound at hlgh to-poraturod (98 c) ond ut lov\\

iftrcquencios (S lle) (Ptoltor .1 .1. 1966.YCo111ngvood and

j"hlt., 1969)-; Noverthole.u. ln tho pro.ont -tudy, tuo “
o : f ;
”Jtroquency used 1-Jb tuoon 6&8: tnd 100 Qllz .nd tho to_

- porature va. botvoon 4 c ind 38 c.f‘Thorotobo,'fho -pin-

Ailattlce rclaxatlon 1- coutrollnd --Lnl  by tho dkpolc'

'flnteractlon._vlho Solo-ondnloo.borgon oqu&tlon tor t




| (1) For both complexes,
f5 ih6é&_~ S 1. tho ro-ult.nt clcctron ‘pln nnaulur
v;;1 -o-ont snd ln 5/2 tor tho ln(!!) lon.,. YI 1. *hO“jgff
3 ",nuclcat -agnotogyrlc rctlo og th. ppoton' 9 %

L e i ' o
'-.“4-otroﬁ1c" 9 tuctor, und _p;j 1. thc Bohr -‘gnotonol;

}3(i;)w”ki (lst,b) la tho dl-tanco botvoan tho nuclouu .nd‘

’.

.‘ffltha pargnagnattc lon 1n thc onzyno-troo”cnditn tho __w_f

»;onzynevbound co-ploxcn renpoctlv.ly”gﬂﬂ

- (111)w1 and ws are tho nucloar and

;utoet tho

“}fco-pléxen. tho dotull- nro7do



i as

R The dlpolar lntoractlon. ar, co--only lnducod byfff

Ffthrec typou ot proce--o-. the NIR oxchang., thc rot.tlongﬁ“fg

'j.otlon ot the -otcl co-plox. und tho olcctronlc rolaxntlon,gi

Se

j7ot the unpnlrod alectronn 1u tho ¢o.plox.;';“*” 

}3dlpolar corrolatlon tl-o. con.l.t ot'ntl'
;_correlahlon tl-a- ot th”

care

4olovnnt'proc.-




. Lk v
’ )

.ploxes -ay ﬁav. dttt;poﬁf rotatlon;“l -c.orrlo:taﬂohk tl-o-}f
' :‘.'-'und. te-poruture d.pondo.nco."l:_i:'ﬁ. 1- tho -tundcrd (or
~."‘._ut.nnco) stato ot the rotQtlon tl-o and ER 11« fh'
.i;i,‘lc‘o;.re'pondll{‘ .cﬁ.vatlon ¢n0rgy ot thd rotatlon e
y.om,.. R e T

T]S chd tzs'. ln BQ.( 11-22 ) | a.ro th. 'Pln-

:Vv‘f Plnal.ly '

:s'

A

uct.lonn bet\u oni 'Itho



) _V,‘\; . 2o Lo . N R T :
St N aaE

fproduet (wlr 1) << 1.~ Thergtore, the_ Ff "" 10 fhe"5iiﬁf

’ TfM%i equation [Bq.(tl-zl)] becodes

(II~24)

o . .~>A\

71where the subscript t la to denote that the axpresslon 13 ' :

i;tor the enzyne-tree or the hexa-aquo ln(II) 1on co-plfxes-”:ﬁ

;;decreasé. Benee, the rotatlonal tlne ls ndjlonaor donina tgﬁ

_jand ln qone cqaea, tho electronlc rolaxatio

.CReuben and Cohn, 1970)._

‘;thc eloctronlc relaxation
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-1slngle electronlc relaxatlon tlme T]S aa derlved by_ﬁ,
: Bloenbevzen and uorzan (1961).. Bence. those tvo alpotar{jvi“
. correlatlon tlmes [Eq&(II-22)] nay be approxlnated'vith theﬁf

L T]S and thls has been applied satlatactorily ln -any  ; <‘}

f Nn(1I)-enzyme etudxes (Dwek gx ‘l,i‘ The J};fE

'iapproxlmatlon 153

'\where Bubscrlpt h ls to denote that the correlatlon tlnes ;f 

| are °t the enzyme~bound Mn(II) 1on conplexes.'}vﬂif

5?°°"5°q“°““y’ *he TFS *e’m 1n fhe ?#igf,oquation [EQ.(11-1¢ f
o R SR "'f;wb S : 3 PR

"21)] becomea

:temperature,

trequency



136"
-ixivelson. 1966. Iclachlnn. 1964. Burlcnccchl. Ié?biJ f}ﬂﬁ:'" -

In tho ca-o ot un(II)-Lon co-ploxo.. thd -aln no~fth
, . , _ e C
' lcxutlon nechanl:n arlno- tro- the -odulutlon ot thc zoro
 ‘1‘ld 'Plittinﬂ (R¢°¢ 21 Alo 1971. Rubcn.toln ‘1 ;L, 1911);fff

VETh‘ equatlon 1- glvan as (Bloc-borg.n and lordcn, #961),vf”;:"

B R { LE s ( 5_.'_:1' ,-_...1-{ )-

i# A 1aé‘ho zero-tlold apllttlnﬂv Cvd:T  ‘

;vh-ro rv
tqndj;g 1- tho acﬂ'%ctl



clpitate

.;9;;§t.q;“

' nted scs tro- B;:g;x; (Crooko'

,Unlvernxty ot Alb.rta.ﬂ Aitor tho .tundurd

é;rpceduro (Loltzntn A& Alv 19703 “°t“t ‘“d

d by Dv.j '.A. Brldgor, Dopurt-ont orn

_prcsont studle-. Plr-t ot all. thr pre-fji5?7

) vod 1n ‘& trlt-huttor at a pﬂ 0117-2- JT f{?
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All ot the ahove procoluos vorc carrlcd out at

4 C and the purltled cnzy-o -olutlons voro al.o kopt at 4° C ﬁf~
. ‘. ) ; . _‘? G B :

bctvoen -easuranant- to provent donaturatlouo Proll-lnary ;f,‘
--tudles -ho u that a 20 to 305 drop ln actlvlty -;y occurﬁfig

 over a pbrlod ot twonty dgy', 'hcn th. onzy-.‘g. ln tho “ 
_ BDTA—free trls-buttor lolutlon-;'fﬁ”" SR

All nlassvcre vua cloanod vlth concontrctod };ffff7
‘.nltrlc acld, thon vasbod .nd rln-ed thoroughly vlth trlply“; '

N RS R
:dlstllled wator.f;

Thc trln-ﬂCl-buttor was obtalnod tro- Sehvarz~'fﬁ-‘H

;nnnn Co.. pot*;alun chlorlde troL J.I.Bakor Cho-.Co.. And N

Qtron Pishor Sclentltic Co. Tho

. i

PSQphadex vas purchaapd tro- Phar;acia Flno Chonlculqg\

 nan¢anese (II) chlorlda

'8veden and AG-I relln tro- Bio—Rnd ch., Cnlltornls'af

“\..

;U.S A.. The purlty ot thoso roﬁcont- vop tound to bo'iw

;ln Dr.- Brldgur's choratory.j;f



. R ; L. L
-easurenonta vere ropoutod. The rusult- vorc roproducibloo

¥ sguploa vhlch exporienced a larse chango ln actlvlty (>

2%&) vero dlacar&od.;‘f  HﬁfL‘

S

2‘3~5Pl¥'# 4!#‘#’1‘“#)3814!%8{;“?
lolnt concenttatlcn ot tho onzy-o vas dotocnlnod VﬂV

‘fby U.V.: ab-o:ptlon at 280nn.1 Ihe cxtlnctlon coettl~}'f 3nT”
YA

*:clent, %' 1a 4.9t0.2 (!rob- and Brldgcr, 1974)

E'lcm

 onzyne actlvzty vp- -ossurod lpoetro.coplcaIIY‘! 5E' C on

1.1 .;. 1957.
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o® C _
230ni} All -a-plo- u.o& 1n tha tollovlaa BSR cnd Nll

-oa-urononta vcrc proporod ln trl--hutrqr. Tho buttor vu- .
O -
\-ado up wlth o.luxcl. 0 05! tris (hydroxyl -othyl) nninq

, -othnne cnd ut a pH ot 7 2.

[ \ .

%

. :.noe,-r-tu,t_g;t:x . ;9: th“'g



e

fot thn spectru- voro thon -ca-urod by tddlna tho olx poak
'to p.u hclghtl ot tm BSR -un.u. rho n-u un(u) lon

, concontrction- ln tho onzy-o -.-plcb voro calculntod 2rou

 tho rtlutlv. -lpncl Lntcncltio. vlth'riipcct to thQ hlnnkg_:{f
‘ retcrcnco llgnalu (Cohn and'rownucnd. 1954)¢ Prlorﬁfi Qll L
’ W

fot th-sc -oalurouont-. tho .poctto-otor wau csltbrat0¢ o

3

':nslnz notoronco lalpl.l (0.01-! to 2-l)u= rho_in'qnt(tlo. R

L.

'.'arc tlnonr to thc concontratlon‘. '

~f var1an c-1024 .lgnal‘nv

”. tho -ocnuro-cut-.f qu‘tonpnrcturo nca controt- d usi

7w1th a coppor-conlfintnn thnv.ocnuptt'



© a3 ,1;

' jih§§§f;é;:£§0 ¢y§§qf6t{ﬁhg"§;5;§i§p;£;y§ﬁi§ﬁ§f/__ e
.h“” :' I SR _ R R
(1) rho tlr-t tyfo oz -;ulur;nont.‘v.- cnrrlod out .t tlxod;}
o troquoucy (100.0!!:) und to-porcturo (25 c). Stdplot
‘H ;vtro pnopnrod 1n Iuch a vuy tbnt th.y .11 haa tho .‘..iia;f
 1.0£111 Lnn :Qﬂf. rat

f:;a-onnt- oi onzvno (0009!“ *0 0'017Il"; ‘ "t"‘“°'

:  (o.oso-u) but ux:gpecnt

l"_

”f..-plo '1th tho -;-0 a-onnt ox In(ll) lonl 1n trl.-

'**huttor was proparoﬁ.’ Thono -a-plao voto u.Od tor thn ;35?5

'-Jcnhnaeoncnt oxpcrtncatu.fff'g7ﬁ‘ﬂf"”
 wf (11) Tho -ocond typo ot
"f.out at vnrlcblo trcqupncy-and'
"j»kno-tqago of the. dlcpoclut os
.-’;.Provlout ESR ro-ult- (loc

'~];.prcpurcd ln -uch u vay thn”

- bodna. un(xl) Lon-_toﬂtnql

Tu.

'fu-nx“dlzod.




-dich-ti-bﬁriiﬁéiinodnﬁrihont. All -q.plo- vorc Lo

‘carotully -onlod ln (5-x4c-l nun tubo-. .nd oach hsc

‘“:{t voln-. ot 75-lcro-lltro-.f lG  fFf}ffA‘lé;”;:ﬁz.

Ictof.;roto; ;pln-ltttlcc rolax;tlén tl-o. ( T; )

“fuworo\;;clurod n- A tunctlon ctrt.npovnturc ovor tho ﬂkﬁa. ~f' '
 S:tor 'hlch thn onzy-o 1. lt‘hl. (4 to 3£ C)o_ 8p1u~lutt1ce f;;;
};?rolcxatloa tl-o. ovor tho troqﬂoney rnnno ot 6.0 Inz to e

”¥{60.0 lnz woro -oc.urdd vlth - Brnkor sxv HIR SpoctrOlotcr.f







RN . .‘.

',ﬁ_",”‘l‘he -agnetlzatlon, Mz R ls then neaqured exporlneatnlly as ' k

B2 _".tho algna.l intensltyo\ A typlculfplot o! M iv-_ 1-

\

'Flg-II-G. The 1ntens;t1e- covrelate vlth ,he’ti'
N S :

. ‘v ,1-" gccordlng to the tollowing eq“thon,:i‘-}-'i

E



RO
o lﬁizver'.t‘h‘:e less, th. -»blﬁi"e:q'o‘:'i _tt',.gka.t.d\"c'“t_n‘ .'gl_.l,-" ;b:jl“c‘(l.épl‘hto"d' u..lng ) »
" the common technique with Bqe(TI-28)s "~ .

el :



a7

hldg'n‘ ln a. 180 . t i 90 pnl.b;oxporlnrntﬂ_

”ftho apin—lattlcc rolnxstlon tlnco

};tound to be 2.73-.c- _
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b “““““‘ S o el

In order to -ho- tho prolonco ot c blnury Bl

 V'co-plex betwoen tho ln(II) 1ou- and pho-ph6~scs' two tyral ff;”

“”3701 exporlnenta vlth NIR anq BSR tochnlquo-‘voro cnrr1 d§ fi

.Ljout.ﬂ Flr-t ot all. N'_Q-ouhur Rnf_ik ¢

\.,/:

"Ccnd tenporature“i'

fpresenco ot the onzync. 4 typica _B8R




'aome ot the or!glnal Mn(II) lons were bound to the enzym% Do

. '1n such state. the ESR slxnal !rcn tﬁe unpaired electron,f ;ﬁ.‘~
"lfot the metal lons may experlence slnnltlcant homogeneous,;fj-:;:;

or/and lnhomoaeneous 11ne broadenlng eftects (Reed and

K

-"Cohn, 1970‘ Reed g; 31, 19]1). SUbsoquentresults baced on ?}fffi

;”fNuR measurements (Tabble II-4) lndicate thnt the apln-?'

b?lattice etectrOnlc relaxatlon tlne”i T]S ,tor both'the

[

_f_band ), the values or

N

wenzyne-bound qnd eqzyme-tree complexosfﬁirhererore. the

f;absence’bt the ESR slgnal for the enzy"—bound Mn(ll) lon_gfoQ




'“lff;rhe vnluos ot Tg

o N et T e
IAHLE_LL_l Data of" the Vater Proton Roiaxa&lon Bdhanceponts;f';

7y

-

- _v;§§1ﬁt16ns#?_Q 5 ;?; ';v 891n~Lattlce Relaxstlon; ﬂ;ﬂ1 f

| ._.~‘n f;'(f?.  fJ5f ‘ ‘:f”ﬁ f7m¥¢"i“ A: ;,“ . -
. Ae Buffer . . ”1.15;_¢,g3.5110.03 sec

Vr;*Qgrfgng i§ct5(6;stu)fgg,7ﬁj,)5[41.423¢o.ooz sec

.,fEnzyne + unCIz(O OSnM)ffxgiﬁﬁ f;$;1§f5ﬂ[if gj;T¥3’

_w,o otsz;;-ﬁ;j,;h;
S 060228,
']M.fﬁﬂ,f{O 0305_]],H;;¢g~.»

060412
o 0.0457 oo

040617 T e

i 00686 .

06 0823”%“?

0, 0914

-fPourler Trnnafornqa -oua.

;:fff‘All lolutlona wore ln 0.0SH trlo-bnt.d
"sza pﬂ of 7 2. R N

: rd lndepond.nt ot th.,
tﬂ concontrutlon ctudled.
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~In order to descrlbe the stolchlometry ot the'

,/ . I8

enzyme-Mn(II) complex quantltati#ely. the dlssoclatlon .

Aconstant, KD v und the numher ot netal lon ﬁlndlng sltes,

.vuslng the ESR technlques ns descrlbed ln the expe f‘bi#t}iifg

sectlontc—2)._ The experlmental reaults are tabulat9£'1n

 Table II“2°' These dﬂf@ were nalysed vlth the Scatchard— o

‘.nh

- J
'w»plot as: descrlbed ln the theory sectlon(B~1)-, Uslng
< Eq.(II 12), the data are plotfed in. Flg.vlt~6.;u15 g¢1=jﬁ¢ A ‘

™o

T FrOm a: least-squarea a*@lysls fB these data. theﬁ}‘717*”

,Jdissociatlon constant ls 4 ltO 4x10‘4u at 25 c and u mole"ﬁ‘f’

S '

‘i°f phospho—SCs contniq\\G 7t0 5 uoles of netal blnding

“Qsites (Table II-S)- QSIulkar values (731x10“‘x and 3.4)

"(were alao obtalned by Battlalre and Cohn (1971, prlvate

ss' i

'.communlcatlon)o




The ESR N-titration Dataf.

'thtlg;:

CmM)

ESP Spectral Intenultlea**

Reteronce.; C y[M?]Uf  f.
Sapplq BRI

“Enzyme
.- Sample.

<

'(cA);j_'

"”(cii “

S (mM)

1 0.063 "

b'-f o;12§piLﬁ
oias1

- d:éaé-ﬁA
0. 503

v'7, o 670

"119010 .'és

N AN

0.084

asa

74.2

| 20.8

Caes

' 3{ 0iQ§§f:

- ;0;65$f' ”-

. 82.8 ss.o,w]"“‘g16;¢s§j;;,

g6 68 . oues -

Ces.e .Aqng?ﬁJH=7sm”o,é37f?

fixO%;a-';i}};;ﬂ3i‘; ';0 517.‘::G ‘ ;;i: faﬂ

g

-o r€adJuated in order to -utlulzo thc outpnt ulsnal
. amplitude.
”Q[Mt] v all condltlonl vore kopt conotunt.a_

ERSreae)

1¢ ‘

.;ﬂ fthO roteronce l&-;los.

»Bxperilentu vore cavrled ouf ct 25 c tnd B-P

"

- loxperlnental errorl are. tS!. e

pm.z)

3,

samples were prepnrod ‘in . 0.08X - trll-lcl but!lr-(
end 018 KCl. - [E ] = 0.074:!.__vﬂ;a‘ SR

: The recorder galn for -u-ple- wlth d;ttor.nt ["t} vnlf-"
Hovaver, ton -applc- with a- Q!von valuc ot

The " Lntenultles vore obtglnod by addlnc tho qix pnak t’ﬁfﬁ*éf}
peak nelghts ot the ESR . -p.ctru- (SQctLonmc-a),\ The _aﬁﬁ.“*"

L ,:/1 \ PR TERA
» Tho tree ﬂn(ll) lon conccntrut&cnl vorb eulcn
atro- the rclatlvo -pqctrul Lnfontltloc ut thé ’

I R
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| TABLE 11-3 - A Least-squares Analysis on’ the’ ll-'l'ltrutlon o
: ~ﬁgfu}f

*'f3i3~-;¥“

bl e

(obsorvcd)‘ff;gf (calculntqd) *

go,és,‘~"sv5;<f;;;#fq—éa f*,le;gﬁjai;,;s.ze :
0.576 - ?}ffa?f~g 6 sa-ﬁ'gffj;g.;,».;s»,,~,;.~». :

vf"1;55 ;5-}f.2 f f5jf}s 70}351‘ |
ﬂ‘ 1 81f»j::,if ﬂi7f;j?§,§9éi’ ;‘a:* ;“f
‘L";2.08? R7. L- j;;  fl{;i6f1;“ %{ ¢fm,u; o

2,38 0 gge LTy,

R Slope (-~1/K
: tntucept (

A

,3* ¢ho'§xpep}-onta1 dutn gro lllt‘f
vere analysed uaing Bq.( 11-12) tl
'technlque { the éonputu- progrn-
' n\ibroutlne LSOS)I)- , S



'?;*;";' ‘fo.”..fuf”' 4
Tho M-tltratlon renulfa indlcnte that thorc aro

Anenrly two Mn(ll) 1ons per aﬁ,subunlt. ot tho onxiﬁn':‘m.

fiKoweven. the exact dlstrihutlon o! tho-o:- al blndiﬂlfk.wﬁ»

' 31tes eannot be Qgsigned ut the presont .fudy (auch n-‘ono

vifnetal 1on par subunlt). alnce tho natlvo Q

‘7;two dlf!erenf aubunlt pnir- (Czﬁz)o. Sineo tho ntnndardiﬂfﬁ:

'.”aevlatlon of the dlssoclutlon conatant (th. nlopo);ln gho‘tzi

A.tIOS (Table 11-3). the 11near1fy o! tho plot lndt/wtol that

;-'detected. $11¢ht dl!!er.nce{

0- 1“ ICI). FOP exunplo, th




/

,1dltt!cu1t. alnce the enzyno-bound couplex doeu nat oxllt lnf

.‘-/.

”Flnrge qunntltlea-;;f‘;fift“
In addltlon. the solubillty ot the cnzyle 1- not

‘pxlurge and hence tha :oat concentratad onzyne cotutlon ;hf- :

-

 :,ava}1nble vaa ahout 22m¢ per nl.h Aa a Qoqparlson, ln the :f

”fln(II)-pyruvate kina-c Qtudles, the kinuao coneentrutlon Q;

*'V“ged ln the EPR experlnents vns;. ound ZSDmglnll(u";gj??fﬁﬁ




fos.ctlon 0—4. rhu v.luo. o!‘

f:qu.(II-lQ)‘ Tho nor-n' xod";tm“ﬁﬁ"

3_7( SDctlon c-4



In Flg. II—?. tho vator PRR ct a 51von t-n--F*ﬁ;f
';-poraturo are .con to d.croanc nuotonlcclty a. tho

“A

itroquoncy lncr'.cno-._,f At c conntnnt trcqn‘ncro tho wat.t

: Y.PRR nl.l docroa.. '1th un lncronqo 1n t..’.“tu..”;-:_

tho oxcl\,cnac rqto. rm " . 1- lndopondout of troquonoy und

‘l"f‘_lncroc-on -uh an lncnn-o ln tc-p‘rctulj

'E."{thorotort. tho T]Hf ton ot th, ;.-Mf.

'f:th. ohurvcd ntox- PRR {sq.(u-m)].
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EREA S

Uﬁlnl fha.rolev.nt .éustlonl (li-ls. 21 lnd 34)
,Sier tho onzyue-troo in(ll) lons. tho data voro tlttod as &
‘F}tunct‘°° °‘}t‘.Poraturo and trOQuoncy by varylnﬂ '% :wﬂi»ﬂ”
. 1£; 1n Bq-(!l—Zal-. Proq tho lou.t--qucro. AnQIYUI.ftO th.}i;
L : S T
g;kdat‘,'tho bost ttt cunvo- .ro .hqvn 1n Ptg. 11—7 snd thc
}but it p.untﬂ" }“'"'_ ' ‘ s
| (1: 4.8 Kcal/-ol. ,,, ng‘ '

(11) 1.0:10‘19 wec tor o, °:;13;7_33w3?*if:T7fﬂ"f?

‘thésdjvaiuéh‘aié}llnil@ﬁftpfﬁﬁpab:bbi@r?@#]b?ﬁbth§f *‘"'”

ﬂfrasearcgzrn.: A A
A X e ~.-. R R IRPR ’

_v'Tk a) Bloc.borzon nqd uorgan (1961)

f{ilﬁ};;f 4o5‘c¢1/-°l. ?{

Tt



‘In {he‘préa;nég éfnthé.énzy-;;vthe noraalizedwg¥;
:Qater PRR behaved qulté dltrerently (Flg. II 8)', Flrst ot.:
'“all. at a. given tenpetuture. theae values do notAvary |
f ﬁonoton1cally nlth trequency.i Secondly, at a glven a
‘ itrequ§ncy. the sharp 1ncrease‘ot the PRR'vlth an lncreas;

‘}fln 1/T observed Ln Flg. II-7 does th existo' Instead. at

',nthe hlghest trequancy (60-0lﬂz). ‘_»

” ht decreu-e ot the

iﬁ"PRR V1th an 1n°’°580 Ln IIT 18 oboervod.:jﬂ*

"i(Pig. II-6), nnd sone ot the ddvaﬂlhov-fa 
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- vould be predlcted [Eq-(ll 21l]o

Tho -polel v.rlntlon ot tho v;tor Pll vlth

'9,Qtrcquoncy 1- ncw con.idcrod.g lt only tho rct&tlnaul -ottongwufy

’?aand the oxchango p;ﬁcel- urc do-lnant ln th. dlpolct ST
 .0¢&§§19- ot tho.vqt.r protOn-. Bq-. 11-22, 1-20 cnd Il-23?fa}v
.indlcsta that thc ro-ult.nt corr lptlon tlnc ll cgnln

2trequoucy lndepqndont ds obscho] ln thc cb-;ncﬁ ot tho

9_nnzy-o. nonce, a -onotonlc d.crou.o ln PRR vlth troquoncy'ff_f

Thlt.do.

ot explaia the

ipresont datc (Flg.  1‘8)~};L~fhff\

. than 't'lia*t“ : ini
j; T ’-1-“

.R'b'
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Swo T o en
£ - . .:'_v' ;'A ' ' ;'<“
(;) " In thc hlah trcqnonc} roglon ot th¢ curve (60 0.
.»i" .nd 40.0!82), tho oloctron\rolaxstton tlnc 1. lon¢

[Bq.(ll-26)] (1];1. --all)."\Tho dlpoluq;corrolntloa
._tl-.’A; 1- governod -dlnly by {mbl Qnd Tij anq ‘f‘.

thorotorq ossontlally troquoncy 1ndopondont s-“

oxplalncd-prevlouuly.r Thq troquoncy dopondonce ot o

2.2 -1

‘v.tor PRR cnn only co-o cbout vin tho (1+u1 TC )

"tor-. (181 or s) ln 89.(11-26).” [ Fro- uov on. thll <

,n.

: tor- 1- rotorrod to .- F(r ) ]., lonco. n docroq-q 1n .n.
'cho troquoney (Flg- II-D) c;ulo. nn lacvocco ln thc
(plgxgtlonqutq ln<tho-ht.bi!roqqu9y.rangpg

. . . . . s . . A,
i . * A . . .

{

IS

"(11)‘ 1. 'hon tho troquoncy 1- turthcr docroasod, T,
'.d.creqsos and cvoutuclly do-inato. TC e whllo thof;z-'

5 PR

F(T ) tob-s nyprocch unity.' loncc. ut th0 lov

pgnoquonclo- (6 0 und 12.0!3;). tho troquoncy

‘, R

: ¢¢pon¢.nc- o: tu. PRR ;- cbntrollod -atoly hyf”.

'vhlc%}ln %urn 1- contaollod by 115 A d.cnouao ln

'"troqu.ncy chorton- tho rIS cnd hnaco thg PRR ;u S
.  ob-orvod (Flg. Il°9)¢ y~,fj;f?f f:g'i,{g_ «'f§fa';' =
ca L e S o "“"'ffﬁffiv%:

LR v .
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- mmxmuununmmnmmmanmsv
In ordor to lncluao both thh troquoncy tnd to-, j?
poruturo dapendence or tho vator PRR undor .tudy. Q l.a-t-:f
3'lqu¢res unulyull to tlt .ll tho d.ta 'n- cnrrtod out u.lnpi‘
fvull the rolevant oquutlonl tor tho onzyno-bound conpl.x alf
_dc-crlbcd ln tho thoory (loetlon B~2 uud 3).v Tbcno B

3"cquatlon- arc (11-16). (II~20 tb 23) Qnd (II~25 to 27)-'~.7i

; 'All paronoters &p~thocd -quntlon. u‘ro v.rl-d uutll tho

.  gnzle-treo nn(li) lon co-plox. u.1n¢ thpfgg.t t;t if

\’.-‘.

'-root mean -quato d.vtailon bctvooq tho oxporlnoat;l aud

K culculutod valu.- rocchod 6%. Tho b-ot tlt pgtanoto

#or
"tho onzyne-bound co-plox aro tcbulatod ln Tshtn 11-4.

<i’,"to¢othov wlth tho corrotpondln. 11t¢rcturo valuo- tor tho-:ﬂ
: ,./,_.. RIERR

'Vfliplran-tors. tho co-putcd ro-ultl tro 910tt.6 10 9180 II-B‘Uf
"ua oolld curvolo‘b | ‘ | ‘ ”

X .

A co-purlnon ot tho vulno. tor thd‘. pe. -.tQ'

(chle II~4) -hov- th. dlttoroncos botwtonun_l

.’itnd'the cnzyn-trcc OOIpl.XO.o



T

bound und thc anyne-tree Conplexes.‘f7”

Paranotera tor Nn(II) Ions ln the Enzy-e-

P#rbﬁqf;r?5 ﬂ? 

énzyne-hound

un(rl) lonl e

d;_fbat§f¢ndlécul;b)
Tho (ﬂdc )‘.Cooooc‘.‘f
‘l'ﬂkdbllﬁélo)p,@

 ,(€;;9)é;5‘é§Pf

' ;?¥e§1{i6t§);;;

'7(éqd?/-§c?):;if

E (Kcalluole)-..gf

(@8CVeadenasia

4.0

2. 2:10—10

e

LR

| -g;p;g?g?u,;,;

f*1'4x10-13 'fﬂvf;%f
f‘2.7

31.0x10*&‘:

48

1.6x19~1‘ ¢fﬁf~

4 5 ¢ ,,?f';~7

7.5”«- T 825 e

..l{a%f;fggr}f

1-3

«&‘:’

a.6x10~"” fj}-’;

a ‘\

 ‘@ fValu- ba-cd on RS

:flﬁ .Valuo tro:)louhcn{
‘;thercln.A:yr

Z;ISE‘i;:f*i;,;'




.ijSJ;.

~q* ahd-“R'“

‘ ‘uaed to calculate the dlltanco bstwcon tho vnter

'*f’proton and the Nn(!l) lon 1n thc onzynos

}F7° 

: Fron the laaat—-quaroa analyllu, those tvo
; 3para-etor- vero tound to bo perftetly corrclatod.f‘*-
FN»Ip'othifvwordu, the vulua o! qt dcponds on thut ot

‘ijR'l and JHco voraa. nenco. a sqt oq q# v;luoq wu-jf

«.}

-‘-_
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‘v,’;

~ longor tor tho Mb co-plox thm dor tbu Mf : co-plox.
Tht. 1- duo to tho dqcrocaod -oblllty ot th. ln(!l)

e

1on onco 1t 1- bcund to tho 808 odzync.

S

Conuqucntly. tho othor cnrohtxon rutc- 1m’b"] aud
TTS -1 ‘can - al-o contrlbut. to Tc 1@- Tho troquoucy
cnd to-pornturc dcpondoncn ot Il‘l throo corr-lcttonf_ S

. U L
rato- vll.l bo mnlyzod 1n -oro dctall a.t tho ond ot -

, th.l- -cctlon-

(4

o _--‘ ’;{{co-pquo.. stnllar ch&ngc



‘"ffspectrun of the blnary complex._ Thla covld be -

v,

pbbtalned about tho rotctlonal eorrclctlon tl-e iinccy?

'hﬂ?Jordan, 1970).

'cheeked by a varlnble trequency BPR study.(nced qnd 4{

"7Cohn, 1970)-g In addlﬁlon, 1n!or£ut$on.uay ho ;fﬂfﬁaif

:Qeo-plex’(WIIson and Klvelaon,*;f  7¥f§““f'

Flnally' Ln order to



.




1%

o iPes) sawi zc:Sm&mOU u_o ﬂ<uo~a_u



...N b _ ”._o..-v;. _.uow 3w’ A d, D. 0,.v..,.‘.l.-onlhiﬂ.“¢!o s#ub '05&90 Qﬁ.—.
mfw_OSOuhlb.vlm!cbqvucﬂwﬁonaﬂﬁow,Oht. .

) .v : .NO.—cloo.,.a uu,..vﬂzv...uﬂsoa,lOlhucl .DAO.... ‘cud ..A.

PR



 4a

o wop

L e EOV

R

1

e




:fTho prcvloua»quclitutlvo cxplunctlon Qn ¥h; ;ol.tlvo ;
'-‘1-portanco ot T]S1co.parod to th. othor cdrrol.tlon tlndn
";1- now prt..lod in dcta.u. ovor thc toupor;turc rnngﬁ |
B -tudlod (Flg.- II-lO). 'nu oloctronic roluxcuon r.to. '-vn-}y
,:‘-?-Aﬂ.th :rtquoncy and hcnco tho-o ﬂt tho lov troquonclo-.nrc o
}co-pcrable to tho rotntlonal hud tho oxchnngc corrolutionA£3*@
:.',:‘.:_.-.t..i. | 'rnu 1nducu oppouto ouoct. on tho cupolu- vx N
‘l_”’_,'corrolatlon ti-o- .nd t_hclr tunctlon- F(r )(!?13. Il-ll).“v_:::‘v;.v:_v_
JIn tho ﬂguro, nt low.r trmbnclong 'fc ] 1. trtquoncy o
gdopnndont vhorcu a.t hiah trequtnclnu F('t )1'

o f
;"fdcpendont. A -1.11-.:' tunctlonp(}“"nsz 2) ]' whlch 01-9' L

‘trcqu.ncy

.I,;‘pp..r. ln Qho T]Ml; oxpro-uon (Bq, 11 25 v,. .lo vcry -n‘ll

( 10“ to 10“) \uth ro-poct to"unttyx:_,“._'l‘h' “ctoro. tt

:‘.:contrlbuto. - nozllslblo u-ount to: 7tho' obsorvod rﬂ.: . "‘"

‘. ;1- not dlncu-tod.

4 ..'
SR S A
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E. . CONCLUSIONS - . R TT I h o PARE L S PR

0 '(»r-l"- .

4 -*[»:i . | S | | |
Fron both vater proton Onhnncenent (NMR) and H—f;f_

._ t1trat1on (ESR) data' a blnany ln(II)-SCS co-plex vas shownf;}

T ﬁd1saoc1at1on conatant 0: 4 lxlO"l nt 25 C.;f§5 

',sltes on the phosphorylatad enzymp vlth an averaae

;_bind;nc sitea compqrod vlth
ﬂifo the enzyng.: Conscquently, th elocfro
  ¢0¢3 eontrlbute to th‘ oh‘o‘;e 

bound 09n IQx. Th‘

;ftechnlhue. sl-llarugpprpach -ayj ‘

 f¥b be present.~ There nre nearly four notnl lon‘blndlnc

o~

o

Thc analyals ot #he wator PRR at varl&blo tro-.”7 ' 

‘

legpcct to tho;

’ stato (l.e. the hqxaquo—un(ll)llon), ;* L

)




1. anmmummummmm

Adenoslnifﬁ'-trlphosphate (ATP) 1- ono ot tho
: moét inpor‘tnnt coenzynea and a, anor suppuot- of ca .y lu.
'nost blologicat regctlons nntl oraanls-t (}!utchln.om 19643

i":ﬂ_xlt, 1970). An A'rP moloculc cona[stg ot a‘h’ udoalao bn-o,.-:v
’_-{'_Pig. 111-1 (Todd, 1958).

,\

ii;ALbevty. 1956a)., At physioloxlcal o-poraturd bct'

___:.ia.vc ne.lnl.y .tn the antl-contormntl




\,. ) . .
3 .

klnase (Brent g1 Al' 1965). by purlne nucleoslde kingsea !,{<;i'

, —
(Gotto g1 5&. 1964), and’ hy nucleoalde nonOphosphoklnasp :
(Nakamura and Suglno, 1966% leaaa and Suglno, 1966)§ The

c- N é>..‘

' attlnlty between ATP and dlvalent netal lona ls Very utrong

(Phllllps. 1966) and the resultant netal 1on-AfP conplcxea




.,
. | o s |
y “have been shown to be the actupl SUbernfes for a number of

4

enz;;es,vauch as creatine klnase (Morrison and James, 1965)
’ pyruvate kinase (Reynard et llv 1961, Clelund, 19?;) und

arginlne kinase (Uhr ‘et aly 1966)d T ' ) '-‘f ',f

1 .
A-qng varlous metal lons, Nn(I1) ions closely
» o

qssemﬁle Hg(II)“iona both in thelr chemlstry (Willlama,f

1870; Hughes. 1972) and 1thhelr blological atfects on: many
: »

.

-

 enzymes (Vall:j 1960' Daune, 1974)-' In eome'cases, Nn(II)

] [CET . ~

. Aons may eve:jﬁave larger actlvnting or unlque etiects tnnn

LN

those of vg( y 1q.s, sucﬁbas the reactlona wlth poly-

nucleotide phosphorylase (Haleh and Buchanga, 1967) and
with pancreatic deoxyrlhonuclease (Wlberg, 1958). Jheﬁ  :?ﬁ°
present study is concerned wlth th§~ﬂn(II) lon-ATP . |

a . . . a

.complexes.

8

w ."" “Lv" ] ~ o ‘ c
. Aﬁlarge volune ot therﬂﬂdynanlc and stolﬁ:h1 ‘.

netric datu\?n dlfterent -etal lon ATP conplexes han been,i 
sumuarlzed (Phllllpa, 1966, Iz«tt 31 ‘l, 1971),. In thg:;ﬁA

. cise of Mn(II) 1ona, pH tltratlon studles have been carrled

'out on dllute ATP solutlons ( Smu) for two un(II)qAIp

£y

'ratloa (10:1 and 1 1) (Taqul Khan and. Nartell, 1962).
) \\‘ .
_These researchers provcd thut the un(If) ion und ATP nalnty

Y



»

. O

form a 1:1 Mn(II)=ATP complek, instead of either a 2:1 or

122 Mn(II)-ATP complex. Recent:pelé041¥é fon electrode

»

méasurenohts, also.on.dllute ATP. slutlons (~1, Sml)-ﬁlth oy
severd%\Eo(II) ion" to ATP ratios (1 4 to 1: 1), also yield
;fh9v8&m¢ conclusipns (Moh;h and Rechnlfz, 1974). In the‘
in(il)-AT§'comp1ex: the ATP anions exlst malnly as ATP“

: becausé fhis_anionébinds more-st;ongly to the'motal_lon

wﬁen it‘ls co-paéed to the A'I‘PH"3 anlon:‘tor'eiaople; theA
'rornatlon constant ot [Mn(lI)-A‘I‘P]"2 ls 3. 1x10°u", whereas"

that of (un(xl)—ATpn]-' 13 3. 7x10‘u"(uohan and Rechnltz, C .

"1974).

),{(-.,v ey .\\ - " “.

AT hisher ATP concentratlons (°~ O.lﬂ), ééi!uﬂ'

’ asoclntlon of ATP molecules becomes,algnltlcant (Sternlicht

: ’ v ,
v_g; nl. 1965b). Neverthetéss, these reaearchers ra'orted 1nf'

-

. the same pnper a comparatlve ‘B NﬂR s udy on 0.35" and

0. 02u ATP solutions in the presenco ot Mn(II) 1ons (o~ 1 to

>

0 lmua' Results at both ATP concentratlons verq tound to

be the same and hgnce the effecf ot selt-aanoclatlon does

not aftect the stolchlometry ot the ln(II)-ATP conplex toi

o

any signlflcnnt extent (Sternllcht 31 31, 1965b). Never;

A o‘

V‘thelesa, an addltional 1: 2 [un(ll)-ATle",co-plex was

3proposed in a. aubsequent Mn(II) lon-co-petltlon study on

<

}equlmolar AlP*ATP solutlons (0 25!) ln the prosence of

dil“fe Mn(II) .lons (NO l‘M) (Sternllcht n ‘l' 1968)0 :
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'tearrangenent. In thls secOnd process: the relaxatlon

81

»

-HOVever, the-oblginal'NEﬁ‘dgtn, ihl¢h were uség to support

the presenceiof thé,1:2 complex,kwéfe'lrrcbroduclble (Waé
21 gl, 1974). fubfhermdre;bfhéAcondltibns 6r'fhé.probosed
kinetlc achem% lnvolvlng the 13 2 conplex have algo been

"
® . N

questioned by Frey.qnd Stpehr (1973)5' Theretora,‘lh the

..pneéent'sfﬁdy, thevatoféhloﬁétry'of thg-Mn(II)fATP épmplex!

Tle

is belived to be. mainly Iﬁﬁg\:zi ratldy

Thé-l:l'coﬁptéx7§hy‘eilét in se#éral'dtructuéeé}
For metal ions lncludlng hg(xx). Ca(II). Nl(xrn and’ Co(xt),

i
klnetlc studles based on. temperature Junp (T-Junp)

technlques showed the preaence ot two equlllhrlum states

e . N
X -

fand hence two k:netlcally distlnct netnl 1on-ATP cemplexas-;

The flrst p s ls represented by the followlng scheme-dk*

»’ . | - b" . 5 “

and {he related tenperature Jump relaxatlon'tlmes ure

dependent on: the.ATP eoncentrutlons (Dlebler g; ‘1, 1960-

Hamhes nnd Levlson,.1964s Hannes and Hlller, 1967)‘

-'. e ’ ’ . : ATPB;: ‘.., ,.v.‘ “" - . w2

; :vhepe u*z standa tor Mg(II), Ca(xr),,ul(lx) and Co(l!).ﬁ

The N-ATP"z complex cnn underao furthtr -trQ?tural

\_'

tl-es nre taater than that ot tha flrst procoss. yct

)



lndepehdent of the ATP concentration. . The proceSS'ls

repreaented by the tollovlnz scheme (Hamnes and Nlller.

1967 Frey and S*“"‘“" 1972; Frey et al, 1972 )

u-ArP- _ fﬁAATP“z]# | 12y

Several posslble a{ructuraa tor the qecond [u-ATP’z]t

ZCOmpLgx,were'proposeq. yet nq.dqfln;te ponclusion vas-nude

RN

bgsqp_on‘fhé;nlnﬁtlc aafafay¢ne;. -

R For Mn(II)—ATP couplexes, the lnltlul process

A}

[qu(III—l)] lendlng to the tornatlon of a blnary conplex N

O

13 &1so=present.- The relaxatlon tlmea tron tho T—Junp ex-'

perlmenta for thla process vere tound to be too tast to be"
3. . B . R

,fm;aeured acéuratel& even at a'vbry dilute AfP'concéntra¥lon.;
T:{SiO“M]o;‘Ben;e;gonly the Linlts onlthe reactlon rat;s o;H
Nthe prooess were estinated;. The torvard rate (lcadlng to»b'
;N—ATP‘z) waa > 10-9 .ec énd the rcverae rato vas about 10“; ;
 Use; at. 25 C and at an ATP coﬁcontratlon ot 10“! (Bannes.f¥Q
.iand Levlsén; 1964). At‘hlgh;r conccntnutlonc. no’; ﬁov re-" 
'glaxatlon fl-es can bc detqcted fn;;-es and llller, 1967)0*;"
Cr Two posslbllltles vero suaaested (Prey and Stuehr' 1973).,:3
vi(l) the relaxgtlon rates nay be too tant 4; bQ‘neasured ;a;fi
_;;the tlrst proqesa ls ulready‘at tho lnstru-ontal tlhlt, orj}{
_;(11) the second un(II)bATP‘z coiplox [dlv‘n ln Eq-(III-2)]€f&

 :nay not exlsf ln elgnltlcant anount and hence 1. not
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3. 51:gnxnz¢a nxlina:xg:ni lon Aii‘Sﬁlhlﬁlhi f‘

In an ATP -oleculo (Flg. III-I), thore aro

.

._soveral patential llaand- tor -ctal lon hlndlng, n‘-oly tho

-
B

oxygens ot the ;hbaphato groupn and nltrogonl ot theu : ;?” 

e adenine base._ Theretore, a v;rloty ot structuro. havo bqon:

proposed tor dltterent -otal lon-ATP coqploxo' (Izgtt .1 gl

e 197D e i >i.giv§_ff*ff‘7”“

y g

S _ff‘ ' In the case ot lg(ll) lon-, fho doqlncnt uotalﬂ" 5

blnding Ilgandn ere tho phosphatn aroup. (na--.- g; ‘Lg,if

A

1961' Cohn and Hughea. 1962).‘ 8,"[‘1 .tudlcg hav. lhow': ;
th“ “"’ N'7 "“”“‘“ ot “"’ “““1'\' clns ny not’ h'n‘]ﬁ'_

-\ .'- _
lnvolved ln tho -etal lon blndlnao- Thoso ltudles 1nclude:¢“.

1y

: ,optlcul rotatory dISpersion (McCor-Ick und Lovodchl..

‘H NHR (Cohn and Hughos, 1962) cnd “N NHR (Eappc and

lorales. 1966).

ey

For Mn(II) lonn uuod ln tha procont -tudy, lt‘ls

A -«‘

uanerally accepted that the three pho-phntc- are hound to:ff?

;. 'h\Tﬁ}f

the netal lon (Cohn and Hugheslk1962.-8tornlicht gjfgl.'

I
PR,
f9655, 1968. Brovn g;*gl, 1973)-; The 1nvolv¢-.nt ot tnb\

r\ ‘ ‘ X
adenlne ring la stlll under acthQ dlacululcn-s Schneld.éx;gg

g; gl (1964) carrled out a co-paratlvo U.V.

adénoslne, un(Ix)-adonoslno. ATP and un(ll)~ATP .olutloa-




R . . . i "

adonoslne._vlh»tho‘oaoo ot ATP, vhlch ha- throofaddltlonal

R 4

-»phoaphafh_groupauln_theorlho-o conporad vlth thot ln
adehoslne, only a snall traction ot‘the-ln(lld lonq is

v\involved 1n the blndlng vlth the adonh‘n\rlng. ‘¢55-."

e

‘“ro-eurchers thou proponed %hat un(II)-ATP co-ploxos oxl-t
’ - . R ; . oy

W”.glnly in a structuro ln vhlch only th‘ Ph°'9h‘*" "‘

hY

,'bound to the In(II) lon a- -uggostod tro. othor tltratlon

o ltudleé (Taqul Kohn and. lortellg 196 3 “"t‘ll ‘“d Sch-b o

' varzenbach. 1956. Sllth ond Alberty. 195§o.b)- Thll R

”::conplex vlll be retevod to ae M( )ATP tro- nov on.'

t 'j Fron ‘ﬂ NMR studloe. Stornllcﬂﬁ\gi Al (1965h)

_,conttrmed that the adonlne K-S proton ot ATP 1-

jpreterentlally attected by ln(ll). Co(II). Nl(lt) cnd e

-~

g.pu(II) 1ons (Cohn ond Hughg., 1962). In deitlon' tho

o’ossoclatlon ot ATP. Ihese nuthorl thon propocﬁd thot the.f,'
Vfadenlne ring Ls also bound to tho -etul lon [vlo tho N-7

t'nlqyogen].A Thla blndlng glvos rile to a h‘gxhggnd co-bloxi

‘vhlch waa proposed by Szont-Gyorgyl (1957).. In thll

T""f‘conpl.e:u,' both tho throo phosph to. und tho odonlno buuo ot G

‘fthe a‘.g ATP molecule ;re bound to tho notol lon. Thll 43‘x

N fco-plex ls doalanatod a- M(p+r

)ATP tro- nov on;

The exqct structuro o! tho backbonnd co-plox -ay :

'Lfvary even a-ong tho trunsltlon -otol lon -orlos ac ob.orvod{r

‘.



?.

S

ln some aubsequent _tud{os; 3F6f-N1(It)-and~Co(I%: lénl,

‘70 NMR studies on the nu-ber of oxchsnuoublc wntor L

» -olecuths coordlnatod to the notal lon havo bocn carrlod

1ou#’(01asaman 31 51, 1971. Kuntz 31 gl, 1972)o  On tho ;'

,fassunption that thore 1- only one. typo ot -otal lon-ATP

 conp1ex, both netal ion- hﬁo -hown to bo 1ndlr.ct1y houdd

. \4 P {

 ;to nltrogen N=-7 ot tho bane vla a wnter noleculo.”brldgc"

LA

' For ln(lI)~lona. anothor l"O NKR ptudy (ZOttor 31 ‘1.‘1973)

“showed that th{

arn about throo wntor -oloculos in tho
[

a . R R
Jlnllar "brldgo" vator conplox cannot o

¢ etter gj ll: 1973).1 In tho-e throo -tudlec,

- »-;



./" o » T o ao ‘
G o S S e
PR :\' In thls -tudy. an atte-pt ~As nade to doternlnc .:>

the . nunbor ot ln(II)-AIP conplexen (or Q&ructurel) prc:ont
. & 4 :
ln -olutlon a® well as to dotornlnn the tavorable aeo-otry .

\ ~ "t

relultlnc tron the ln(II)-adenlno rlng 1nteractlon.= Tho

7-oxpor1nontn woro carriod out uslng natural cbundance ‘3C

"NMR technlques vhlch n ro nuclel to bo ob.orved whon

'1% ls conparod to the ‘H NNR and J'P NHR .tudloc. ;ffz:? 'j{3
o ' -hﬁ,fﬂ.f';“"’ S ,\,: S
13¢ NNR neasuroaanta are nov r-adlly aeces.lble‘-
y due fo pulsed Fourler trunstor- NMR technLquo. (Vold g1 ‘1,
: 1968. Free-un and mu, '1969, Allerhand u .,1. 1971). R
”"Appllcatlons ot thla tachnlque to nuclaotlde -tudles vore  ;f
. 1n1t1ated by ueveral oarly ‘30 11n¢ as.lg:nOnt -;udiol =
j (Dorman and Robert-, 1970. Jonoa g; .l, 1970. lantccq und

(Sulth. 1972). : 3C NMR ntudy on adononlno-S'--onopho-phat.

. with Kn(II) lona has beon raported (kotowycz and Huyanlzu.

‘ R e e et e ﬁl
In the preaent stUdyg ‘36 NMR rc.ults tor both T
‘mthe spln—spln and spin-lattlce relaxatlon tlnos ‘are’ kS

,"' . BRI SAS

ﬁ'obtalneda Fron thé Bplp-ﬂpln relnxation tl-os. tvo typo- [fﬁ‘

iot ln(II)-ATP complexeg aro -hovn to exint. Tholo';”*

‘“complexas, toaether vlth the unbound ATP -olcculo. tor- c

'fthree-slto le exchungo systonoj Fro- the .pln-luttleo ro~



lexation. timess distances between the Mn(II) fon and the
. 'cld'on'l{nbo «éarpo_na are 'vbpk’o& out.

»,
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Be ;IKBQRX sgﬁgjgu

Ronco, tgo ATP nuclol -cy be

o - ' o R
‘. As dcscrlbed tn tho 1ntroductlon. Nh(ll)ﬂidn._-cy

~ ) “'

°

tor- one or two types of- conﬁ;oxoa vlth ATP -oleculel.,

nvolvcd ln a tvo—nltc or a
’ N ’
throe-sttc NIR exchangc -yﬂte- ro-pectlvoly._ Rolaxatlon
’ b '_.'
ntu tor both -y-teh are deacrlhoq 1n thu lectlon. ,

) [ VR
v :

It ATP torns only ono typo ot conplex [M( )ATPor o

(p+r)ATP] thn un(xl) 1on-, the unbound ATP and the

-co-plex, deslgnatod vlth aynbols ‘a cnd b{rospectlvoly."t{

co-priso a tvv-lito lylton."ﬂ:;:,; ?71§ -r'”f7fV]3  ;;;;i;g

Carieay

1n whlch [ ] >> [h] aa the ln(II) lon concontrntlon %f‘d 1-

’fvery.amcll.—kab }_and kba are, ro-poctlvelx. tho NHR

exchange rate irom spéclea 5 tc h and thnt tron h to g..?f,if

 f The prlnciplea ana equctlons tor the .pln-lattico relcxa~’fﬂh

tlon rates tor a: two-.ltc syston havc botn dctcrlbad cnd
S8 -

applled 1n the enzy-o study Ln th. provloul chngtor.: Por_};L

conpletenesn,'tho equationa tor both apln-lattlcc and -pin-';

f

-pln tolaxutlon aro nov do-crlbed. :.;+j»




o IR - Y

. The contrlbutlon ot the netal 10n.eé£r;ex to ‘the -

. nuclear T, or Tz relaxatlon ratea 15 calculnted trom the

experlmental data uslng the tollovlng equatlon.' h
(III'4)

where J atands for 1 and z for fhe Tg and Tz relaxatLon-

T tlmes, T

J,meta1 Ia they\;Tj‘ of the nucleus ln

the preaence ot metnl 1ons and TJ b]ankl’ thelTj |

q" /
.ot the qamq nuoleus }n the.absence~o£ netal lonq.

C O SO R IR R L TP e '
. \‘ o _‘ ' P ,/‘-' Vo . R [ .. I E '/
Thi? contrlbhtkon vlll be reterred to elthcr wlth

e o ST
thersymbol TJp' ‘or; g;ggmngngxig relaxation rate" trom now ‘

PN /
ons .. For the Tgp", the equatlon ls glvon aa Bdo(ll~]5) ln
o . e
‘the pnevlous cQapter.‘ For the sz ; in the caso o! Mn(II)

‘ion complexes wherc thé‘che.lcal ahl!t dltraroncc, AwM v

betveen the hound and the unbound nuclcl contrlbuto- v.ry R

» /,

2M

‘jxittle to- the. ralaxatlon, l.e.;(TZM T ) > T -2, A“M 2
:;the e?%atLOn of Tgp“ also hae‘a -1-1Lur tor- as that of

STt (Swlft‘and Connlck. 1962).~ Thorezore, in the two‘_'.l},

s
&

. slte exehange system lnvolvlng nn(II) lonﬂ, the equatlonu

2/
/

‘,tor both relaxatlon raten are uumnarlzcd rs
.,.;/!/'lf . .




R o 4-A o Aarr-sy

where [b] 1- tho concontratlon ot thq co-plix,'v;}ch 1- .

nuhorlcnlly equal to tho 1n1t131 ln(II) lon concen-
tratlon [n], :1nco all tho -ctul lon- aronbOund ,I
undor the cxperlncntal condltionz [ATP]SO 3! and

[ln*z] S axlﬂ"l (Taqul xhcn undouartoll, 1962),
p

j b 1- tho nuclaur reluxatloa tl-e when tho’nucleus

Y : v R N

' 1- ln the couplex b. and kb 19 tha NNR exchungo

rate as previously detlped.w

Tt

¢ -

) Both'T and k are tunctlon- ot to-pcrature.,w

J, b b

Thurdtore, the observhd T ] .ay tnk‘ tvo linltlnl tor--

pjp .

(Swift and Connlck, 1962. O'Rollloy .na Poolo, 1963. Luz,ﬂ.'-"

fcnd gglboon. 1964).-1;; {  fL(;;;1

g (t) o

2

STy .
O

At low td-pernturas, vhen tho oxchungo rato.ll -1ov,‘f7

’;lksa’a( » ‘ ]‘tho rolux;tlon rato As cpnttqllpd;bylh

5 b RN .
tha NIR exchnnao rate.-  fwfg2‘  j{'f‘~f~ffjﬁ ﬁfﬁ}; ;;



4
. . > o . ) N ) _ . :
(11i) At high fé-porstures,‘vhcn the exchange rate is fast
, vu e Srenange et !

A )) T ]. the rilaxatlbn r.fo>roflecf- tho
.k 3,b

| °“¢l°‘f fﬂl&xathn due to tho -dwtl ion co-plcx' ?‘“

. *;'} g‘f\- S

. L T [b']» g
. -1 o ¢ e -1 .

T Ty e

- 9

i

B '*v e ’:.;‘ ; (111-7) a

e

The detglla ot T band 1ts te-peraturo dependence

1111 be doscrlbed ln -a- -eparato soctlon(B-S). f V" 
¥‘ o .4.;’/.:), . o
Ry A

N -'“~’-J’1.' B R .j,j]: j
S e L



~

2. A Ingee=Site Exchangs Syates =
) . : ' '
Vhen boﬂ\M( )ATP AndM(p,,,r)ATR:o-pl.xot are
consldered, the ATP nuclel ard*ln?olvod ln a‘ihroo~-1to
‘-yato-. Furthernore, the exchange proceuseajénong the

three species (ATP.M( )ATP and M )ATP ) may not be

(ptr
co-plptely rqndom. As dcucribcd 1n ‘the lntroduct1on, the
phosphate groups of ATP are the pri.nry -etal-blndlng -1tqn
and the presence of these ¢roups enhuncel the ln(II)-

adOnlne rlng blndlng. In- Addltlon. both bln&lng- nre

/ lntra-olecq}ur (Sternllcht 25 nl, 1965b).‘ Theratore, thg@

& r
exchange between the unbound AIP and the backbound ATP _
. "N
' co-plex 13 llkely to proceed vie'an inter-edlate conplox f-' »
M(p)ATP . The syste- is ropresented by a consecutiva NMR '
‘ exchange sche-e.‘ ‘i"‘
NORTP == R VATP = M AP L e
S TP T Tper)™ T cTT
-, S e F
. o . o Do R (Ill?S)»?: E
-‘which 13:sy-bollcalty,'rltten,pa: R  \’ o
~ ' Lt e
> | kg2 . ka3 .
. ka2y o ka2 o e
Al — —. z::‘ﬁ:: f:: .ﬁ:fﬁi
— 1 ket N o
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4
with the tollowlng‘condltlohi:
(11 > [ZJ% (a),
. Y " . ‘ \
and AR
K3addkae i kKe2ddKey

. (III-IO)
Eq.(IXI-~ 10) 13 u.ed to expreun the consocutlve ncture ot
the present exchange scheme. Slillq? to the botatlon-:;n

the precadlng schene, the'exchdnxé rates are rbpresehtod,by

-y-bola k }_ tor the exchunge from npecies x to anothor

BN

: apocles'x ( xo Y = 1. 2. 3). The«tenporuturo dependonco

of the exéhange rates can be gcnerallzed ln tho tollovlna

form‘(Exrlng, 1935)"

L

(III 11) :
'thﬁre l,ls the gasfcbnétant. N ls Avogadro's nu-ber. h 1:

‘Planck's constunt, T ls the absolute tenperature. F
/) B

AH* Xy - q@d AS* y: ara, respcctlvely. tha

actlvation enthalpy and entrOpy tor tho x to X
'oxchanae process.;gl f_   ‘ {?‘ ."f : ?'- .
. Tkg -agnitu;e 61 the r?lcx#tlon rate due to thase -,tai ;on-j

“‘co-plexos 13 calculated !ro- expor&nentg;ﬂﬁ;ta ah delcrlbodf:;

’by Eq.((ll-@).~ The rate 1- nov a tunctlon o! the. -?gndtlc '1.



94
‘_propertles of both co-ploxcs und the rclatod NMR. cxchcnco
rntes. The detalls cro do-crlbed in the tollovlng _ o

‘ . . ' : ' ;,y*
. . :3..

'aubsectlonq" o = : ’

- Iha R .- :  . \Ax; |  f‘.', ~»'~i‘i‘ '
‘From the -odlfled Bloch oquatlon- (lcConnell,
. 1958), ;overal rnseurchers have derlv.d oquatlons tor tho Y
' sbln~ap1n relaxatloq rato.tor a.throeﬂaitq qy.tqq anq T
ainpllflé&.fhé exbf;ﬁﬁlénq 1ﬁ;v§ri;hq_£orh§.(S?lé{ijﬁ& 
“Coénlck,.1962; Ange?n;ﬁ>demJord#n4'1869;'H}ii!‘iﬁ#l;v

» " In the c;sglgt ﬂnill) lén co-plexc-, tho chenlcal
shltt contrlbutlon to. the.rcy‘&atlon 1; vory snall'vhon 1t
18 compared to fhe corrospondlng nucleur rolaxatlon ratei}

.(Bernheln g1 gl, 1959, SVItt and Connlck. 1962)., ?ﬁ»iﬁﬂ. f.
Ivadditlon, the‘preaent sche-e La a cont.cutlvo thro;v;tto -
exﬁhange wlth the constralnt- as. detlnod ln Bq.(lll-lO).  i“
'Theretore. 1rou the goneral oxpros.lon dorlvod by Angor.un

aand Jordan(1969), the equatlon tor tho npln—-pln rolaxatlon

.rate can be slnplltled lnto thq?tatlovlng torn:"  R



‘ﬁ' . . . ) . N .‘» ’ 1

'ky2F32 ¥ kiaFa23 -

Top~1 = e e
(Tae2™l4kag )Ag + kz3(Tze3~1¢k3y)
'A"'***urx'-'x:i_)_
 th:'= A:Tz-z t‘. kéﬂzn ‘.} e .
Fa3. = Azrzn 1+ kaszoz ‘ : v
‘.‘Aa = Tzn e k:z R . o .
‘Az‘_a .,rz'z »l;.‘i- *Zl"‘ kz, ‘._‘- o ‘ :
b S T R |
In the above equntlonr tho spln-spln rclaxatlon tl-e Tz ot x‘l
' the nucleua ln speclos x (on -lte x).ll denoted‘by Tz,x

[x-..z.; 1n the present acheue], and the NNR oxchnngo rute,b

k9 has the sa-e -eanlng as prevloualy d.tlnod.;

Xy S . A

o . o ‘,".-1 :

~ The ahovo oquctlon can al-o bo slnplltied lnto
tvo 11m1t1ng tor-a. dependlgf on the tduporaturcz

,‘1’ At low tenporaturos. tho oxchanqc rato- arc --all. L
_ A -' '-y.kz‘al"".,*((' TZva 1 '
‘ £ ka: * k“ .< < thz e
._3.?'3}‘8q.(lll-12) becones ”".f."{,*1ﬂ  f‘ff,§:;;;;J;»;§f';¢
sz v = klz = ~T_'kz(;“:'“fx- «f--.rx. A~~ :
PR 'ﬁlﬂ,:fg 1{ f (111—13)
’ng-lt lu ot lntereat to co-paro'thll .quatlon vlth thst ;f}

‘:::“ton the tvo-slto oxchcuad [Eq.(III-6)]o Both



-

v

"Qquations are ot slnllar tor-. They &ro govorned by

a slngla oxchnngo proces- hnd honco are lndepondont 3

)
. ¢ i

'ot the -agnetlc proportlel ot the ATP nuclol‘A For
oxa-ple, when pocIOI b is lpoclel 2, kg‘ = kb y

'.und coneequcntly thc to-pornture dopendoncoﬂot a
coa e .
,three~-1te syste- -ay appear .i-11Qr to that ot a
tvo—slte exchanao.>‘”‘ : ‘ | ,. Lo
At hlgh.fb-pefutugg-;'pdh'tyé q#&g&ﬂépif@fqu,d?i
'1ér¢::f" - . f 5;g

= kg" >> thz ' . .

‘Bq.(III-IZ) bcco-cs

R [z] .,-’b_ [2]
TapmE = = 1yt =
o RS R € &
: i‘ngalf  :JT.'7.5 ff;ffr[if;ﬁfﬂfﬂ?r¥?f' ! (111-14)

€.

Tzo:

'  Furthernofe; as‘¥ﬁo‘adan1nd.c;?boﬂ nucloi gp. 'j'T
loéatod near the para-ugnotgc Hn(II) lon outy ln tho ‘j
(p+r)ATPco-plox (specioc a). at thl- -lta, tho  u' b3

' nucleur relaxatlon ratu 1. -uch QAhcncod 1,0- that “Q
1n th; l(‘)ATp eo-plox-i Ig,, l )) Ttiz"‘;tbr th.if_ €

f

f'.§§c adenlne carbon nuclel und Bq.(III-14) boco-l-:" ffT

6t

| However, for the 3P nuclel, since the phosphate



-groups are, tlghtly bouud to the un(ll) lon ln both

¢

“:«canplexba. then T2e3" = nggo
Theretore. tor tho 3‘? nuclol ln ATP, Bq-(III-14)
fbeco-es.."'“? Dl - .

TaP 1(31p) = Tzvz s
- {J.]

[-J C e e
Tg.g “_, Dol [ L

| »f‘-_.' [ATP] . -
A , }?; -‘ﬁ.;f'%i5'?‘ ,  {{:}" (III*16)

'«1vhere [-] la the totat lnltlal‘ln(ll) lon concontra-

é

’tlon, slnce the attlnlty betwoon ATP cnd the Hn(II)
tona are eo large that alno-t 511 tho -otal lons aro f 

 bound (Taqul Kuhn and lartoll, 1962. Nohan and

- Rechni ‘tz' 1974 ). | . ;  . 1
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R In analocy to tho Tgp" oxprosllonl.'tho spln-*" ]

lnttlce relmxatlon rutos :pr the throc--lto oxch.ngo -yotc-f7
‘ under atudy can be ahown to have a tor- lllllur to Bq.(!ll-ff

" 14). In the taat oxchango roglon. tho cquctlon tor Tgp
o [aJ T
Tap™ 1 ="'"‘T va" + ;  I

Tt|z~
[.1] 1]

SRR e | r_'-‘-"1_7 ) -
vhébe Tg.x (x~2|3, 13 tho T; roluxation tl-c tor -etal

conplex x.rﬁf“

The equatlon hu- boon aonorclly sccoptod cnd u-od”f}
{“~1n the lltcraturc(eog. uildvan and Cohn. 1963. Rcubon and

1j;cohn. 1970)., ﬁovevor. ‘no- dcrlvatlon ha- btan "Pﬂrt.a »g,.

- The derlvatlon ot Bq.(III-l7) ls thnrotoro 1ncludod lnL:AvL_ff

N
.".

3f5Appond1x B.ﬁ!

LV The equatlon tov Tgp—"CQR also bo'tutthor

}sl-plltled dapendlng on the nuclol undor obsarvatlon. Pﬁr 5;*

fgithq sano reu-ons c- 31ven In oectlon 2A, Eq.(lll-17) thcn;ff;u




" 9§

= Teea™d - o,

o aneey

By
W N

' Tx§“("C).=:

... U With T3,3 << Tge2 for 13C nucledy [ .

“apd_ -{ /

 With Tyyz = Trys for the 31P mucleis .



T

N
Inalan: Rzlnxnfinn lsnhnnin.a Between xns lnLIll Lnn

-and the AIB uunlnL AR _JA'_~~._”.,- \v"l

ihen a nuclous 13 ln the proxlnlty of the In(II)

i
-

ion, the -ain nucﬁ;ar reluxatlon ls 1nduced by the lntorac— -

!

: . . , . \ -
.;tion between thq nucloar spln and the unpalred eloctron- ot e

the -etal 10n (Solonon. 1955g Solo-on and Bloo-beraen.;
;1956)51 In the spln-Lattlce (T;) relaxatlon, the do-lnant fﬁ
'lnteruction 15 tho dlpolpr coupling, vhlch h-. bton i .
3{doscribed 1n the prcvlou- chaptor-' Only tho rclov.nt
ffcquatlons to§ thc presont -tudy aro .u-uaflzod bcroo‘ For‘

e

-jtho present ln(II)-ATP co-plexos vhich are qulto --all 1n'35’f 

&

(,.1z§ conparedy%o the ln(II)—onzy;e co-plcxoa, tho rotctlon-l; 
u~a1 n@tion ot tbe co-plex ls‘rapid and hcnco do-ln;te- the;';i;;
hdlpolar mechnnisn ot tho ATP nucloi (Sternlleht g; ‘1'.fft:f“””
 1965ab. netler.gx .1. 1970‘ABrovn £ alo 1974). nonc.,:i;;ff“<
‘J,P¢3f~rTR rom’ qu. (II-ZI) to (II-24). tho .pln-lnttlcc |
t;rolaxatlon ;—3c 1. : . R e e
"’;1}<;f}r'=;i7}‘;};907*""'

“3(111-20)

.q,}.- St _,

: §ﬂBie x stands tor 2. 3. ov h dopcndlng on tho -pnclc- nnd

s *i o
detlned 1n Chuptcr Il-



-) SR U}

r : T T

vAt the -agnetlc tlold -trength (24KGnu'l or 25 Slnz 1or uC

Q>ro-onance) uaed ln this ltudy, wSZTRZ )) 1 (Storullcht g;

l

. ﬁli 19653b)c- ConnoquontlYo qu(III-ZO) can bo turthor %¥f

‘ll-plltled 1nto the tollovlng for-.'

s IR I RS O A

i MF“V-;~~75(5*])79255?,Yi?f,-'-v-;"'
T DR R S R S LR

:QFron thls equatlon' the dlstanco R botwoon the Kn(I!)»Lon :f;

e

"and’ the nucleun at -1te x ¢an bo cvaluat.d.;q"'

e
. ,'*

'f;ﬁ:gj'} In the -p1n~tpln (Ta) rotuxntlon. an cdditlonal

facular coupllng also contrlbuto- to tho:nuclolr rolaxatlon'

.{rhis 1ntoractlon 1- 1nducea by tho ovotlcaplng ot th.f-av-;
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: o . A
B S R X SR

N .

i(u,_,u;g,~gmv_,«uén»¢f
where, R ;.”377f77ﬂkf“”%3.3“1f7”?’

~»,aa,f

ﬁIn the aquation, Ta.x stands tor the Tz at speclo- x (x jﬁ;J‘

O
]
M
e
w
-+
—J
\-’

’-2, a, or n). All the other synbols (excopt A and re") woro é
ffdetined prevlouslyoﬁﬁ,A"i la the scalar eoupllng conatunt
’kwhlch mensures tho extent ot the coupllng batw.en the

fnucleus and the unpalred electrona ot tho ln(II) ionof:ﬁegy- '”

L 1e the relevant covrelation tlne ot the ncclar lnt.raction. A

l yThls scalar correlatlon tl-e 1. rolat.d tﬁ

;h,.?_." : Ap;&n‘:lg.tt,_{.c.,!-}.
  reLaxat£on tinc ot tho eloctron QPGPFM
| irctes (Bernhei- g; gl, 1959),:>::j1ff”“

s

_g
o

'{correlation ti-e 1n the :TZ b relaxatlon 1
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réidxatloh,1l=_f e e

'ifﬁ;' S (111-24)

vhere the corralutlon ttne- and tho oxchcngo ratos cro

‘rclated to the threﬁ—slto procosl."

Y

'Furthermore, ln the prosent conlocutlvo .cho-e. k:z>>k;g..ﬂ

5
\

tho scalar correlatlon tl-e boco-ec.-‘
S e S IR L B T SR R
S Te T s ot “32---ff',ﬁ.;,»- EE

RS ¢III-25";

tn -one cuses [qn vas tound’ln tho preueut -tudy and ln thcf L

. R

lp(II)-lnoslne-S'-tripho-yhuto -tudy (Kuntz and Kotovycz,
 1975)],‘the dittqronce betwoon the scalar corrolttlou tl-osu;'y
'glven by Eqa. (III-23) and (111-25) nay bc u-etul ln

ldentltylng the nuture ot tho oxchcnze lyate-.';?T; R $
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-.;1i ﬂgignihlg Anh Sample Bcgszhzizn

ATP (dlsodlum salt) ot hlghest arade waa obtalned
- i

+

.trom sigmu Chemlcal Company.: It 'as“turfher purltied to
ellmlnate aﬂw metnl lon impurltles by the following 'w ; .
' procedure., Flrst ot ull, a small allquot (dml) or 0.5M ATP
_solutlon ( pH 7) was added on the top ot h resln column‘
"(lcmx20cm, Dowex-SO, Na* torn).-whleh had been claaned and ;{f
zflllbratpd 1n trlply dlstllled water.‘ Then, the ATP was ‘  °
eluted down the column slovly with trlply dlstllled water.: -

'_The collected eluate (about 1 Iitre) vas rreeze-dried at

©

room temperature. o

KLY

ATP solutlons hnd stock ln(II) Lhn so utlon- vere:f[f

prepared uslng deuterated water (DzO) and trlply dlstltlod

vater aa solvents.

'-(4) - Por °11 the '3c Tz -oasurouents (1.0 to 90 C) und .fh

‘} ’t3c T; measurénents at 30 C. Dgo wuu u-ed as‘ ;\:iff['f
ﬁ;?solvent,(§ince 1t provides a stron; douterlu- ;;iffﬁ“"“
:ﬁeraﬁnance that can be used convenlenfly as a lock e
£t11f018na1 ror stablllzlng the -agnetlc tleld. Ioasuro;iﬁ 
i'_ments on - ea-plos yfepared ln nzo and sz wort kéff;;&hH*
'5¥;checked and the rcsultant sz valuob arq‘}qunJWto bQ
' S -

o thQ SGHOQ . LT . .“‘.lﬂ_:‘ ;r" Co

RN AU
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(B) For high tenperature (60 C) T; -easure-onts. Dzo can
' not be uscd as a aolvent, bocause vhon -u-pleskln

D,o {type A sa-ple) aro hoatod % 60 C aver a long

-

' perlod (>18 hru).a -1cnltlcant portlon of the H-

<

protons ot ATP is replaced by the deutpriu- tro- tho

v .

;nzo solvento The lntanaltlos ot ‘3C slanall -

docrease gradually wlth tinc as a rosult ot tho

‘dlnlnlahlng nuolear 0verhau-er ettect.

6

The douteratlon rato. hovover, vas not rapld : @j'

enough»to uttect nost qt the -oasurc-ents even at'"

<2
>

- high te-perature-.. The ‘3C llnovldth -easurénontc

(T2) took approxiuately tvo hqur-. But. tor ‘30 T;"

/ B

“oxperiments, 16 to 20 hrs vere requlred.: Posslble e

A : A
errors 1n~uslng the decreaslng "C lntonnltiea nay

'\

u'exist. Bdnco. water vas uaed as tha uolvnnt. anp a

couxlal caplllnry contalnlng dcuteratod bonzenc waa
then used as a locklng algnal. jﬂ‘ff,?  -'ﬁ: "

Ca

The ATP coucantrations vere doter.ined by U.V.
2spectrometry ( molar extinctlon caetticlent = 1.572x10’ at

260n- at a pH ot 7)- They vere all 0~3H[ATP].‘ The notal
" .

lon solutlon vgs added wlth H.B._Pedersen nlcroplpets.. The: _}

W;/.f;_
PH valuea ot all th- solutloua were rechocked attdr the S

.‘\.

'last addltlon ot Nn(II) lons gnd they re-ninod con-tant. {L'-'r'
I.e. Tho pH -etor reudlngs vorg 7 and 6.6 tor tho Ba-plo-~;'J
B b CJ v L - O‘. . P k& s ": e .'\

B
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‘Q‘n water and in DgO respectlvnly (Glaeoe and Long, 1960)].

i Stock solutlons of Mn(II) lon were prepared by

#
7 > < 1 N - .
gﬁng out an. appropriate anount ot unc12.4azo crystals'i.
B

(ﬁt?her Cortltied Grade), and dlasolved ‘in D20 (or in HzO)
: dﬁ}lnal volu-e ot 25n1.. The concentratlons v;;:’::::\\\\

'calthrated against a Flsher ln(NO;)z.solutlon (stan&ardlzed

vltﬂ%‘tomic nbsorptlon). Tho callhratlons vare car‘led out
hy neasurlng the 31p- NIR 11nev1dths on a pair ot 5'-ANP

' (0.1M) solutlons wlth the addition o tho stock and-: thc

standard solutions reqpectlvely; Thq.experlnental
.uncertalnfy'Waé'tS$llﬁ~iﬁese_heaéuré-éhia;“"

4
3]

. In all ot the vork. precautlon was taken to
wand detect any deconpocltlon (hydrolysls ot the

er-inal phoaphate) ln the ATP sanples.. Freuh sanplos vcre~-

prepared for each neaaurenent and the extent ot hydrolysla

"

was checked betore und atter the expcrlnqnts ualng thln'-

[

luyer chronutogrnphy technlquos (Rnndcrath 31 ‘L. 1964), or

' ~
,:uslng 3‘P NMR to neasure the relctlvc slanal lntonaltloa ot

_{“

"the lnorganlc phpsphate (hydrolyslu prodnct) and
}3.or131na1 ATP ;hosphatesn ‘Negllglblo hydrolyais*‘aa_‘f'

“observed tor all type (A) sumples._» nly 1n so-o type (B)

el

'fsumples, th ATP solutlons contalnlna ln(l!) lon-
':hydrolyzod sl htly (-axlnu- dotocted $ 10‘) due ta ncny .
. ) Ll

bhours of heqting Q\\60 C- Hovover' tho data w.ro ehcckcd

N
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for this Qrteét- loaéurenenfa were first carrled th‘gt
32°, then 60°, and then aaaln at 32° Ce. Ro-ulta were
reproduclble within oxporinontal error (185).

oo

15 all the '”c nd 'H NNE studl}\a, ‘the rolaxatlon
‘ratesaot blank ATP solutiona with- the aand ATP

‘ 1 - A
concentration as the ln(II)-ATP nolutlona were u-od.‘ The

pnru-agnetlc relaxathgﬁrntes vare }hen cqlculatod vlth o

, Eq.(III 4) uslng the results tro- both solutiona.

2. 13C NMR Measurementsr = . |
Natural abundance proton docoupled ‘30 NIR

specfra‘were ohtalned ln the Fourler transtorn'-odo on a.
Varlan HA-100-15 NlR spectro-etor (25.15 lﬂz) lntorfacod
.'vlth a Dlgilah FTSINNR—S datg syston' tho Novn 1200 .
. computer and the pulse unlt (FTSINIR 400-2).? For'typc (A)v‘
.samplea in deuterated vater, tho deutoriun ro-oncnce ot thei'
:solfentAvas uaed.as the’ lock slgna1.  Por type (B) sanples:
"ln watér. theAdeuterlu- resonanée of deuterated bcnzene ln En
a c;axlal caplllary vaa.ﬁé;d.. All -ounﬁrann*a ..,.‘5:‘

__carried out under controlled te-peratur;s.uslng tho Vaflaﬁ-

v : _

. ‘ Y
“te-perature control unlt and vero cali§yﬁtc¢ vlth a.

nlther-ocouple betore and ctter euch run.i Snnplc- voro put

. '. i 3 “

, 1n the probe at least 20 ulnntos bctore tho|-c¢¢urc-0ntl

s



- were begun, - h o ot
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Spln‘apln r.Laxntlon times. vere -oasurod tro- tho'

‘llnewidths at halt hglght Xro- the Fourlor tranntor-od e

spectéa.- Fof each apectru-. 2.000 troc lnductlon docny

*‘»
\

'(PID) Bilnalﬂ were atored in 16[ (16384 byto-) over n’:”l

_noise-decoupler..f"

corpeaponqlng trequency do-ain of 4000 Hz. Tho Dtgllcb

system ylelds 16K UQtu polnts in tho tran-tor-od roal

-'-pectrun by zero tllllng and cnrrylng out a 32! tran-torn

. \4

¢ 0. 25 Hz per: byte ovor 4000 nz). Thn pul‘o vldth- and

R

'nolse-decoupler ottset v;tuen 'ere optlnlzod by -cxlnlzlnz

\

the slgnal 1ntensit1eg at ‘a toducod pover lovol ot the

N | N

spln-lattlco rolaxntlon tl-e. vore ovaluatod ﬁro-:

‘proton decoupled pnrtlatly rolaxod Fourl.r trcn.tor-

.

i‘spectra obtalned unlng tho (180 . 7?90 -5Ta"npull.;.,g  }ﬂ.

'aequence (Vold 31 Al, 1968. Froo-an and Hlllo 1969.}_&?1 >1'

Allerhand g_; n.].. 1971). _ Fox' anh spoctru-. soo pm -unal-

5,vene accnmulufedo' Por short valuoo ot T; ((0-2noc),

Lot

;‘trlple pulse sequence, (90 -5T;—180 —‘t-oo -ST;), va- u-.d

_'(Preenan and Blll, 1971) to 1-provo tho sccurncy ot th-

-oasnreuents. Ench sp.ctru- vna obtnlnod tro- 5 000 PID

. llgnals and QACh QXperI-ent va- rcpentod tvlco.3 w

A erploat’ sat of pastially relaxed FoT. - spectra
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]
i . o o . .
for the~aQen1nd carhons vlth dlttnrent T vnluo- is shown
. ln Flg. III-2. Loaat squnraa analles (Appondlx A) vbre
carrled out on the dntn tron tourteen dlttoront '7  .ot-

tlnga, vhich y1elded T‘ valuon 'lth lt.ndard dovlatlon- ot

‘ los- than 8%.

ey

in all these oxﬁerlnonts. the pul.; vldthn uscd
vore IOOInicroseconds and S0 -lcro.aconds !or tho 180 dﬁ@t
"’90 puyses respectlvely.A The ‘30 pulso trequoncy vu. :
of!set in a wuy such that tho ulnnnla to bo oblorv.d v-§¢ 7}.~
 -1th1n 1500 nz trom the: carrlor (Joncc, 1972). Ther;to;e;  -

tor ATP, the carbon slgncls lu tho adonlne basc reglon und f 1

‘the sugar region were -eanurod soparatoly.



:EIﬁHRE_LIL:Za A -anple -at ot ‘3C NIR npectra ot thc

,adenlne carhon- ot ATP. ohtulnod in s 180 - 1-90 pulsofﬂ

”experiment- Tbe oxperl-.nt vu- carrlod out at 25 15unz,,. '5

. J
_30 c and proton-nolse docoupled._ Th. danple contained

.a

fO GM ATP ln DgO at a pD ot 7 0. The top cpectru- 13 a.

nor-nl Eour!er jranstorned spoctruu at T >> STxo Th..

_other spectra aro the purtlalty—relaxed P.T.' spaotra at;;‘

varioun ' T settlngs.' Each spectru- was obtalncd by

A Fourler transtor-atlon ot 500 trct 1nduction &ocuys.

ol
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SETEY

' Thc water proton linovldth -ea.urencnts venc -adtﬁ

'oﬁ a ln(ll)-ATP an¢ a blnnk ATP solutlonl- Both -olutlonl E;
5cont.1nca o.zvu of ATP .na tho [un+=] ln tho ln(ll)-ATP
 .anple vas 8 9:10"!. Tho oxperl.o;tl were - c.rrlod out lnj{;
.tho continuout vnvo -odo‘u-;ng L3 V.rlcn RA-100-12 Nki | HA.
;f:;poctro-etor (100 0 lnz). e tr.co ot DSB (-odlu- 2,2-, ;  ;5

‘idlncthyl~2-31lapontuno~5-‘ulton¢to) 'IO u.cd ‘as’ nn lnt.ructfg

-i;lock.; The te.peraturo va- allo callbratod u-lng a ;§: }ﬁTf77
1‘fth.rnocouple.--f' N

"f Iha T; expotlnontn tor the ATP Proton- '09

fglcctlon cc-zt.,_fﬁ?[IéOf?ﬁ?fF?Pffﬁﬁiﬁf

if.lanal to nolse ATP proton sp.ctru-;:“.

sl



oy The uc uun lpectru- ot ATP 1. -howu ln plg..

  111-3.» Tho ndcnlno rlng cnrhon olgnal- vorc a.-lgaod on ff'f
}the ba.l. ot th- c.rllﬁr work on nuclootldo- and

,nucloosidec (Dcrnun nnd Rohert-, 1970. Jonos 31 51. 1970).‘
rh. ribose-cgrhon ro-onaucc- voro nn-lgnod lccordlng to tho,f

- uork ot l‘ntsch nnd‘Slith (1972). .;”??3{{hﬁﬁ{L-ﬁ1

B : > ‘_
i .b,..:. Do

On progr...lva uddltlon ot ln(II) lon-, tho t‘c
'_fslguala ror thc rlhosc cnthon- voro not attoctcd. Hovovcr.:
':{thﬂ ldGniﬂO Plnc uc roucnuncc- -hbvod -pocltlc ottect-.}7*7”

'3Tho rosults (reportod A- T; ‘ cud Tz? ‘) aro plottad vl;;f#T

1i}the total ln(ll) lon éoncontrstiou 1p Pla. Il!~4lnnd

fftpig. 111-5 rospectlvoly- Peo- tho tlgurot. 1t 1. -oqn ngt?ff

'¥tho c-S and c—8 ro-onunco- voro -ont -trongtyfpttoetcd on .

n.theicddltlon ot uu(II) Lon..‘ Thc dntc 1n’th--

’i_!ulllrlzod 1n Ighl. 1;;-1."‘ ¢.<M,

.f?f ;kf;:"




113

Cs . ,.ﬂ.ﬁ

..o&.na ﬂo l....-vOQ.nl mzz h& unu Ocdlvﬂﬁ.ud ﬂﬂaﬁuﬁﬂ ﬁ'ﬂﬂﬂbd"l,ﬂcvo.u&




...,d. u._t.‘ o«.n cq_ vso;. vtdbudo O&Qh_.,.lﬁnollbﬂllol lﬁn : .&hd He ubdosﬂ

-




’114a

e ...__.n.o.

_,.&s \ F.:sa
| v-o_

muO—

"~ f

; ::: _r,.

TS

_::: .

N WwU. ﬁu

_:.:_,_ .

___:- - _

_ By &~
.‘. ..J. , .\ .‘.,

\ﬁU%

n-:-q _

_. rW”.J..@MmMﬁwmm@TMmmw@M_%@Mw&h<nme

_::: u

_:.: 1

Sl e

~ ’ .




EORRETE ..x on.a -« a3«¢3noo§o mu« ona 4.0 on vc o.h uo

ada d vd o~nlcq v:o vo«&&du Ohlt lﬂd.loasnioﬂ‘onh

.wo l.ﬁd& cOdadNGAO& 0!&0)06‘&* 0

T . s

n- 08« co laod .u




1158a

Lo s

o _A Ti \ H?: é g
M T T T T ,__:.__.v._ T Ty T [ L1265 o au s ERNES
Ty ae———p e Oml—— i 4

pr

ITTN NN (1T (W G (TTTE N _:::_ .__. .,__.___,.:;_..‘_



. .a..a

oﬂt)&.t&ﬁ 006'50 Oz #%.

.......

: olo~xhow 3o Qavdu mmh<u\mw+axu d ov nﬂﬂdon n¢c0l0uﬂhlol Obqw IOGﬂ lﬂ:&db 0l¢&0>< !H

o

¢

oO 00 v# o L HO ﬁk t Wd Oun ﬂd vﬂo UOd&&GO 6&0’

it

"Qﬂ“b.ﬂ '

‘.

Hmh<u\m«¢=zu

R

VGOIuBOan “a

. 9°TFP°cE

€°0F8°Z

900°0F
€S1°0

.,vyﬂuormn.
. T*0¥0°S

8S°0F.

89°L

oy

. L0°0%¥8S°0

C 8910

L skeorN

- SE*0F
.. B8%S

N _m..._“. ..._p:..w

ooo OH
wmﬁoo

e ,! Toon: ua.

T

;pwqmmmmwwnrMmr@mmwuﬂ

_._Mwmwh1wlnwﬁum
L;fﬂﬁAdFWﬂnuq%whw

. e

e T WG@..—.#Q.—..QW




e

-lons throughout the te-perature rnnae -tudled.

.III-Z together with the data ut 32 C tor conparlson

!-.'stemunnt n u (1965-.) a.re ubutu.a Ln -r.u. nx-a. .

o~ ' : o . ~
A . . . B o ~
AY

D, RESULTS (CONTINUED) . . N

Spln—spln relnxation rates. sz ,'wofe'atudlcd ,;.

u- a tuuction ot tenper@ture. 'In Fix. III-hg'the v@tﬂco ot

sz -1 tor carbons- C—S. C—8. C-6‘and C—4 are plottod agalnst‘

the reclprocal ot the absolute tc-peratnro.' Csrbon C-2 And

the rlbose carhon resonances rq.ained unattectod by Nn(ll)

¢

,Spld-lattlcé rélnxétlonurato-, T;p“ tor ccrbonsjv

"C-6, C—4. C~8 Qnd C-S were .lﬂo -ea-ured nt - hlgher to-— .

petature (60° C)., Thoae T‘p ‘ vnluts are taﬁclnted in Tahle-
) *u‘ .

I

N

purpoaes.

: The Typ~ 1 valuec tor protons B-S and H~2 vorc o

 -easure¢ ﬂs1n¢ ‘K NlR tochnlquos ct both ot thc-c tonp.ra-
,thres- “The’ reaults ar. ln cnro.-ont 'lth thoco ot '
>Storn11cht 31 gl (1965b). Thc proton dutc tl 'oll u- thn f“' »

;3‘9 Tgp ’_dnta tor the a- and 7 “P nuclol dbtclnodaby fff}'

 F1nal1y. sz ?.valuoc tor tho vator protoﬂb lu th. In(ﬁ&)git

ATP nolutlons were. nea.ured ovor thc sano tonporntﬁr- f:ﬁ

f - : j

[ ranges. The reaults nro plottcd in- P1¢. 111-7.
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EIGURE LKI=6.. ';"I‘he teuperature dopondenco ot Tap"‘- 01 *h' o

' _'.ATP“’C nixéle-l- ‘The vo,lues are scaled to th‘ l¢-° E B

'[Mn“z J/[ATP] ratio ot 2-5 x 13"3 Thc tlgure lh°"' °°“’

ﬁ.:thonc carbons thaf are attectod by tho ln(l“ 1°°'
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IAELB_ILI:Q. Ihe T;p v Ta-peraturc Depandence ot ‘the. ‘B :

- _nnd "P Nuclel in ATP.

Coa(Tey

o m-8%  gf2;,v:f5'f:‘a,7-3lp *

T;p“(-oc“)

32 41,04

60 I 18.0%2 -

982100 . 12 o

o ratio " 2.2

T;p ‘(60 )~3_W_f3“~”

s

-

t The ‘& nar oxporlncnts vero ccrrlnd out 1n xgo ut a pl

©2 7.0. [ATP] = 0430 M; [Mn*Z)/[ATP] = 3.8 x 10~% for * =
"H-8 and - 8e2.x 10™* for H-2:. .

Dlttonont In(ll) ton:

"; ;concentratlont were us.d 1n atudiot of the tvo protbn-:f.‘
wjto 1ncrocso tho uccuracy ot tho -aa.yro-ont-.-ﬂ'w

i * Tho‘3‘P data 1' tro- Stornllcht 31_;1 (1965&).~ Tho
: oxpertnonts ‘were carried out in- Hzo at a pH of 9 0, Sl

.-0

(ATP] = o.asu aud [un*zll[Arp] = 1 1:10“



b 7£1§ﬁxz+111=1a .Tho to-porqturo dopondonco ‘ot 1

131

0 EREETLE ae— T

!
1 1 1 ;]‘

L.

Liffl: L
}

R

‘ | ]03 T-l(o -l) _“,: e

proton transv‘rso rol;xatlon tll.l ln t ln‘_' i

vuve -odo._ Tho -olutlon (931.0) f"
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a2
B.  DISCUSSION

:na nnnxnnnx xalnxnsfhn ussnnnxa- nx 1ng uc Tgp ;g:f* jf}
xnn ; ~

The rlbose c;rbon nuclel ot ATP vcra not attoctod;::'
V'by ln(ll) 1onao but thoso ox the cdonlne basc shovod
..lolectlvo ettocts [ugs. (zu—u md (xn-S)J. :

N _ouautuuvqu. the data .uuut tn.t thc cd.nlno :-Lng o!

:tbe ATP -olecute 1: lnt.rnctlnc 'lth tho -ot.l Aon. cnd thcfﬁﬂff

;*.rlhosa carbon nuclel are not 1nvolved- 31-1l" °h‘““"

CAe’ do-e/rxb-a u ﬁu ﬂmu-y. tno observed relaxas




'7  dltteront carbons hcvedtholr Charncteriutlc rolaxa-gffﬂ:

vl¢ 3‘t1on rate-o\ﬁ :L ‘ RPN IS S Sl -m,;f_
‘;(11). .A low te-peraturo roglon (l/T ) 3 4x103) ln whlch

"ffthe TzP“ rateo OhOV\a chance ln 8109‘ ‘nd h“‘" t°ﬁ;*i7”

-,‘gyg'fconvoraa to a conntanf valua ct lor tcnporatut.-.
: '_, o . o . o : g S
: "-‘« Al those cnrhon nuclel ar. 1n the lc-c Adonlno rlng. -

o _"thl. dopondonco lndlcatca thqt thc obunroqt»_ 'rgp"'“:'7-,"._"!.ﬁ"j_v*"

‘frates aro approachlng the .lov oxchanlo‘llult lhlch“ -ff

"”71. govcrned by a ebnrnctqriutlc oxchlnlﬁ r&f‘

[ Bq.(III-6) or Bq.(lll—13) e



f“igqpqv_ldfth@-’iquféipd?éiﬁﬂé;rigIQQfo; -
Af hlghor tonpor&turoa. tho "P Tgp“ rolaxatlon f:?f

ato. aro -tlll 1n tho -lov oxchanac roalon (Stdrnllcht .1'}i¥.

'  >31, 1965&), nud th. ‘H Tg =1 rolaxatlon r&tcc uro ?lfi*-?

;"controllod by the dlpolqr lntorsetlon wholo-to-poratu

i dqpondoncc 1- do.lnutod hy th- rotntlnncl otlon ot thoJ ff7






The prlnclples ot electronlc relgxatlon hnve been '

.;-~:descr1bed ln the prevlous chnpfﬁr.; Aceordlng to , ‘-.yi?
’";Bloembergen and Morgan (1961), 15 ls governed by‘_TJ:%‘

: 'e.;f — [4(S+1 )S 31<-',..1‘?v--»~f-
w.so‘ ) 8§ '




C ST PRR ATN :\ s e

shoved tha* the data ‘can be convenlently analysed ln ter-s -
. PN - ! e .‘.
of the exchange rate and the electronic rolaxatibn rato :

‘. . . R ¢

uslng the followlng equatlon.""”




E .1;2}8_

' A“dfglsi@"

SOI-utl Qn
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At¥eh &;tornlnlng the‘te;per;tufc dope;donce 61. 
”_the ole;tronlc relaxatlon tine, the hlgh to-pcrature" :
‘:dopendence or ‘30 T;p 1 cdn be evaluatod tro- Bq.(III-ZB)

_[by vurylng the tern'%gb].; A typlcul tr!at to !lt carbonl
. 0-8 and C-S ls shovqwa:?thc "dnshtd" llno ln Plg--III-S.
- The Lov tenpavatﬁre dependencc ot Tz ‘ ls shovn a- the

-111ne 1ahelled vith kzi [2]/[1] 1n tho tlgurc.  Tho slop- 01 ‘
thls llne la taken tron sterntlcht 31 gl (1965&) for;7f $.i” ' 
. Jreasons explalned ln/thc prevlou. -octlon (B-l)o_ Thon. by‘“

Juslng Eq-(III-S), the resultant (ovorull) tonporaturo.F f @=Qf ¢;y

-:protlle of Tga'1 ean be evalustod. It va- tound that no
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FREIN

ipbihfqh the”‘ﬁA@M, tern i ¢1von by Bloo-borgen (1957) as.tA;

| | ~A s s+1) SR

. AwM = - QB ( . I R
. ‘H YI 3 k T : .\.-

" where -k 1s Boltznan'a con-tant. A/hl- the .aalar coupllng_'

| constlnt ( Hz ) And other sy-bol- have bocn dotlned -
'i,prevlously.‘ To Juatlty thc abovc con¢1tlon, the -agnltudo--‘
of thc-o pa;a-otors ¢ NQM }, TZN -y woro o-tiuttod‘ |
5under the presont exporlnontcl conditldnl [ 25 lsﬁlz for _
tho_"c and ln th. high touyofaturo rcclon. ( 2 30 C) Jalfi.iw

_ Assunlng that tho .cslnr ¢oup11n¢ coactnnt 1or tho ‘Q/ng.iv"’

gnucloi uay take thc -nxl-u- vlluc of !0‘ nz .. leorv-ﬁ ln

the coupllnc betvogn tho In(ll) olcetrong gnd thp "P

P

_nuclel of ATP (Stornllcht .; ¢1, 1965.) [8ubloquont "
¢(Table III-S) nhov that tbc con-tsni - 4
fﬁo ;AmM?; 1- 9:10' lz‘. eslcntsttd wi
anuutlon at 28.15!!: lnd ct 40.0}05

2" .l. SXIG.“G“" C.lcu‘.‘

i--;tho product (TZH ‘Q’f;ﬁl

JBq-.(III-S 26 .na 27),.5.;3_3

'7f.tho cho-lctl lbl!t ottoct?lei*rﬁ



A.f't _!‘1321.

_ ée(aigi;ons.' Ihi-qnngnjt,u'tvo-ilﬁdfo$chnndghip n§fYFl?il¥ :

troh'tha pr§p6ﬁt.£;ndihgq;

[

A, The Top™! vrg-f-pi;-@'tyél.; ib__o‘ﬁiiq@ifgﬁqd | e

o

~ o b

;'-’-o'ét-xon, tahe !3c 'r. -1 uluuﬂon rntoﬁ ey

.‘!ollowing rc.lonu.

_3v(1)¥;‘ In gho hlgh to-pcrulu

' 11 the ratq 1-3

[2]

Tgp"‘ 8 9--—. T!'!

[1]

C 4

"(Li) In thc lowvtonpoerurQ”'

3 11u1t1n¢ v.tue- tro- thquo»oqui



STTCRE

4.1pébuturé dependénéé‘of th-‘ ls then a tunctlon of tho

3exch5nge rates kz|. k;z and thc electronlc rclnxatlon tlue.w'f

_Inspectlon ot the relatod equatlons ahowa that thcre gro ;

'oeveral parameters that govern the tcnpnroturﬁ dop-ndgnca.t”"
“:NeverthoLpss. some ot thoa havo been dutcrginod._ A- -hovn
. o

:1_previously {sectlon Bl]. the valuen ot szn;t

'-:'n and ‘3C nuclel ln the lov teqpcrntuvov

'ifparanctorn to be(v te

(1}5;f
'-‘oxchanao rato.fifﬁ7*${

"Ab Ualng the ah.

17¢roups of pcra-ct.'u'“

Z;ccrrntpondlnnvrﬁtﬂx‘



2

\_Aslullérly obtnlned nnd those v!snlta

curves “in Pla. !II-G. The parapotqr

Ty

Adonlne Basn

t Thc-valuea are obtal)

Tt . ﬁ'. )

-Indlﬁldﬁhlly; The calculated re-ults on the basll o! thla‘V:f

{analysls are ahown as the solid curve ln fh' tL‘u’..A;435? ?,_

';eatlsdactory tlttlng to the datu tot tho other cqrbon-”vach

.

aro p‘létf‘d :Q.‘ ...“illd

S

p are ao rollowa.5,f:"'

S

Plg; II!-G-



X 'and (ut-z

- Exchange Rate for-the 3 &= 2

S systemut

HT(Kcallmole)

‘7 l







;_12 ‘_4—‘_-:‘ .3 oqulllhrlum occurs wlth tohp.raturo._ N“'!‘thg.'-:_:_

S -Itlue TR and honco exv'lbelt the



s TETIEEEEEEEr| HE
(l) 'rhe rotutlonal rato, R "]‘ la lxlO'lcc“ (Sto' nllcht

,_g ,1, 1965a).







vlfh thla value, the proton ‘to

[un*z ]/{ AtP].i{_"‘_“'{' by

thoso (Rov II- prie
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 -coord1nat1on sphere ot the cOmplex (Zetter 31‘319 1970)._y;  .

K

hence, the closest separatLOn hetveon tho Mn(II) lon and ;ﬂ;fﬁ

.“the N~7 muat be 1ar¢e anough at 1eust ta lnsort n vater

e n

'molecule.x Also, the dlotance between N~7 qnd the proton ot

fthls water moleeule cannot be shortar thantho longth ot a'tff

) xhydroaon bond; othervlso, slowly exchpnclna °’ “°“"v5ft ‘JA

O equlvalent water uolecuie chould bo ¢ot¢eted tor the
L

‘;ln(II)—ATP systcn.- Thll dlstsnce 1'?thoteforo

»choscq us'ﬂ‘

'TNQ alnce the hydrogen bond lennthlln a- 1dr¢e as 3‘»‘-:,f;~¥%

'l ;jchapter.; There!ore. the un(II)flon' o N-7 nl ‘ff""‘"

dlstﬁécefia takén au S,SA,




iThia assumes that the othor para-eters ln Bq.(l!!-aa) for

‘both conplexea arc the sane.. The ratioq arc 0.032.' .025,49 -

,Qnence, the maxlau- cOntrlbutlon tron-Tgfg“‘ estlnated tro!

?.f (p)ATP - nodel 13 only about li to 3! ot thc T;”

nuclenr relaxatlon rates tor the t'o COQPlexeg, T11243Q135}

/

.'nggi‘ ; can be estnated by taklnc the ratlo of thest

jdlstances [Eq.(xn-ﬁa)],l.e.; [ R (Rov II) / R (Ro\v w) ]5 f :;

\ -'l

e

0 016 nnd 0 011 respectlv¢1y tor C~6, C—d. 0—5 and C—So

values for the backbound co.ptex.‘ Thoretoru. tho

fanalyais. j‘

Qﬁkto 205. Othcr -ln';ffﬁ

5fﬂfp%y¢cﬁa, Nevorthnl°8‘9

T A e

1- nuchvleaa;than755 ;and




‘ln whlch only the phosphates are bound to tho lu(ll) lon- /“.,,

The NMR exchunge rate betwecn tho tvo oo-ploxoo 1; vory

fost (k;z 2 7x107seo“ ot 27 C) whon conporod to thot

R S

“botween f (p)ATP and the unbound ATP (kg; =, 2-3:105-oc‘?:a;?i:

27°¢) (stemucm a-t n, 1965a ). 'l‘ho prooenoo of tho K
phosphate-un(ll) 1on bindlng tacllltates tho oocondury
wrlngbun(ll) 1on blndlng. Thln ls 1n ogreqnont wlth tho"r
tact what adenoeine does not blnd un(II) iono (Schnoldor 31

x

The lntermedloto complex accounts foe 89% ot tho~17

un(II)-ATP co-plexea.’ Conaohuently. noat ot th ﬁh(!l)

' lons haVQ three coordlnatlon slteo tor thQ wqter solvent g; _.‘
L

:; molecules (the thrae phosphates acoount tor the otﬂor threo Lo

-sites). Thls number agrees vlth othor Lndlr‘ot otudloa

i

basod on l70 NMR (Zettor,gi 511 1973) ond ‘K NHR (ﬁollor ‘&
A o ,

‘gl. 1970). The remoindor (20!) lo tho bockbound oo-plox.-

]

’ Benco, the udenlne-rlng-un(ll) lon 1ntoraoflon -ay aot bO';pj‘<'

-

ﬂlarge enough to,ho dotoctod hy fhc klnotlc ltudefBAUQOl

o'and ulller, 1867).: Nevertholooo, tho prolomco ot both
coqploxea oay explaln Vhe Ilnllor yot nof idontint

pvoperties ot Nn(ll) ana Ig(lt) lon- ln tho prol.oco of

::ATP. slnce tor tho lg(!!)-ATP co-plcx. tﬁoro»lo no rlnall

teractlon aa doacrlbod ln the lntroduetlon.%:v



<

‘o

. fios (Rcbinuwitz.-lOGO). For oxanplcl thn}

bqnzoic acld' and (3) gluta-lc ucldo .

SELE ASSQSIAIIQN QE EQLIQ AQIH IN Aﬂﬂﬁﬂﬂﬁ ﬁQLHIIQN
BI fkﬂIﬂﬂ IAQHBIIQ BESQRANQE

A. INIZODPUCTION'
Follc ucld (Latln. tollun. lea11 18 & vldely

distributed vltamln whlch was tirst oxtractod tron splna.h

| leaves (uitchell g1 51, 1941. Anglor g; gl..1946)oHA ,;f7'

7

"bulldinz unitn. (1) a aubstltutod ptcrlno. (2) p-a-lno-;;-

AY

el JREIERT

Follc Acld can undorao a v;rt.ty ot r-cctiou: And;}jf;

’7thydrogcn atoms at tho 7 And 8 po:ltlonl produccc ‘ dihydro-‘

S AT

L are the actlvc tor-s ot tollc acld Ln .o-t blologlcnl

5queous solutlons at neutral pB, tollc acld oxists as a.'~5'
_divalent anion, tolate, as ahown ln Flg- tV—l-(A) (Albort.. '

1983; PastOre. 1971).. It consists ot throo charaeterlatlc: ﬂ

k the resultant dertVatlv¢- havc dltt‘ront blqloglcnl cctlvt—7lifﬁf

' 1011c acld' 1urtﬁer hydrog.nctlon ut thc 5 nnd 6 pooltlon-ffiei;f

:';Blves a tetrahydro-tollc l¢ld¢ Tho-c tvo tollc dorlvatlvos'tff]?

systems (Sauborllch cnd Buunann. 19483 3006 n llb 1949)-




: :""14'6."/ o

}ﬁolaté - (pD 7. 1)

© 2-Amfno-a-hydroxyl- p-Amfnobenzoic  Glutamic -
 btarlytarts k| el e

2 Amino 4 hydroxyl-

Mode]

6-methyl pterin

e ’"°I?’é‘ C°mP°und I8 (po 7. 1) S

. e
C,'»,,'Q,%-.-No..f-_.: |

- -odol co-poundl. g Au unu.. pvotono ta tho .

dono tmj vl th "n"




T A SPIRLE EERS :;.1.
Hov?ver. halng?natlon of the.arénatle bonzélcbacld unz;
deactivates tha tollc ncld (Connullch 3; AL. 1951)._ Sone
tollc acld qnatogues, sueh a- N‘°~nothy1-tolate and'N‘°- .;})»
nethyl-c’-amino-tolato (Kcthotrexatc). -ay cvon have

) inhlbltory ettccta on the tolute onzyno syntena.~i
Netahollcatly, the nost inportant role or tollc
»\

Aacld ls lts tunctlap a- a one carbon unlt carrier (Shlve g;

' Qlu. 1941) ln a’ uunbor ot blo.yntho-el, tor Cxauplo, ot the

i ) *

purlnes (Greenbera, 1954). lorlno (Btnklly. 1954) lnd thy—

mldylate (Wahha and Prlcdkln. 1962, pa-wn anq ruodun._. .'.‘-?j'-;'_;:_'*"-‘

'”1962). A doticlency ot !ollc aeld lnducec th..tsllu';v

2ftheae blosyntbeoe. ln ora&nl.nl and'nahnat- (J'm,m o

‘7 1964' Lukby nnd Cooparn&n. 1964). Iho\blologlcu‘

";that lt c.n 0:1.t'cith¢r_la lﬂ Q!,.' '¢.°°“*v




 A148Gj:

| a pcrtly—toldod contor-ctlon 1n vhlch tho ptorlno rlng llo- ;fJ

: partxally ovor th. bonzolc acld tr.g.ont ot tho .;.n

'°1°°“1" 3°V°fl1 coonzyn.. havo boon -hovn to oxlst 1n a-f“'

‘co-pletcly tolded contor-atlon ln aqucou. Iolutlonn, tor

".

cxc-plo. the pyrldlnq dluuelootld.a (8‘?.‘ nnd chlan. 1969

o and 1970a,b). and tlavln aaculne dlnuclootldo PAD (Snr-u ‘1

aly 1968. xoto-ycz n.t n. 1969)‘ o N O

g?ﬂﬁ@f'f¢ In addltlon. tor larno -olcculo- vltm neo-utlc

and allph&tie aroup- ln aqueouo solutIOn.. _f:_jifJitf.:ﬁ

nb-oclatlon -ay cl:o oxlnt. n- ha- hoqn ohiorv.d'ln'pnrino

nucloonide- nnd nuclootlao. troi o--otlcdpros-uto’-tudlo-

e




e
; éortles ot th§ -urroundléé nucloi (ltucﬁ cnd Fo.;ondon; -
1957. Johnaon an¢ Bovcy. 1958)-. Conthuontly. ln tho .pqtr:ij 
diractly abovo or belov tho rlng. tho tuo 11.1d- cro f;;, :is 
‘.—{;ppo-ed.l? A proton .I.n thll lpn.c. 1. thon lhl.ldcd lnd - | |
1voxperlenc¢a @ hlch-tlold .hltto Hovov‘r. vhon tho proton
 1- 1n tho pcrlphcry ot thc rtng' whorc tho -.gnctlc tlold- jf

k"'u‘- rolntorcod' a. lov-«n.ta -hut o.f tho proton ro.ult..

ifTHOPOforOo the vroton chonleul chltt. ot totato ccn h. unodf}5*

2¥vas carried out. Tuug-odcl co-pound. !oc




L.

.*._'_to a--oclat. 1nt0r-ol-cularly.n

propoaod., e

. ‘. lﬂﬂﬁl snlnnnnc II !ro- nov on. It 1. tho Ibdol tor tho‘j}“f

' b.uzone region ot tolsto.r Co-p.rllon ot thc proton'rf '":A“

chonlcal .hltt- or the -odol co-pound- vlth that ot tollc'ﬁgji'

acld .hovs that tolic ucid oxlsta ln iolution 1n un f-ff: ?d:n

. ,.xtonded contornntlon (untoldad).) In .dultlon, th. _;‘}§5 _ 

cho-lcal .hlttu ot tho totato proton- woto .tudl.d ‘. u it

On

tunctlon ot tq-poraturo und tolnto‘eonccute;tlon.

¢
¢

A '-o«l'lto‘e tho -

N T e e e L e e e




':\

s

oy

Follc .cLA (acld tot-) -co pnrehtood tro-
A- tho .cld tor- doco uot lnnolvo

i calblocho-, CnlltoquAQ.

J‘f drying.: A y-,lcvﬁpovdary -alt.ad odlu-




e, -1ni-a1. AH. -olu .lon ".\u




f if't1r-t pcrt ot tho oxporinont- va.'

'Vf>_#-pectr9-otor.; Tho rolalndor og thi 089"&

.A”;?§ 115'3¢“f'”I;J”iﬁéhiilfT  ?5 }"
Proton NNR oxporl..nt- vorq.eqrrlcd out on thc "
v.u.n u-—noo-xs (100, 0 uu) end the nrux'“;-“ nu—'s ' 900

“ﬁﬂ;unz) Nua lp‘ctronotlr. ln tho contlnuou- vuvo -odco Tho

cnrrted out'on tho v.ag.“gji}

S L
‘,V»gcarriod out on the Brukér .poctrnnct



‘-f?<1547 ff ﬁ

:obtalnod tro- Dr. 0. Ya-tnoto. Nntloual Choulccl chorntory” f§;g:

b

ﬁ7 f&or Induutry, To*yo. anan (Ya-n-oto nnd Yanuatunvc, 1970);iff73¥
lAll aauplc- --r. plncod ln thc Nll probq 20 -1nutcu botoro »W

‘ttklng tho -".“r...nt.'é”“l:5t;ﬂ;J;Q¥ffﬁ[ffff,ﬂ*ﬁfg i‘ ;’ﬁ.ﬁff$;ﬂ

All ch.nlcal shi!t.-' ‘._c.llbratcd vlth TOJPoct ;f“<*l

A”t Pm value. :? 7f"‘



']ffuél““]iiniis; '

1 :,hj-.,,j,_d,, X -’g'.ﬂu"sh_- scion g R
rna 1oo.czunz ln uun lpoctru- ot _‘luto 1. n,o at e

, A : o
-36 S’C 1- ohown 1n leo IV~2.; Tho ro-onanc . V‘lo

: provlously nnunu by puton ,._; ._], (1963) . ln th. MR

. ~ apoctrul. H~2 and n-a doalancto tho ro-onnnc¢- correa~
"pondlng to tho tour h'nzon- rlna protou-.' Hbl nndfl-4 ;rc,f:f.
; . R

N tho-o 1ron tho protonl 1n tho pt&rtno rlng and thl»nothy—fr ;lpf3“

"ﬂzlane brldaea —cBa*Nb—o bot-onn thc ptorlnc*nnd boazolc acldeEf“ﬁ5

e

”unlts. The -ultlplot at 4.4 ppl adJac.nt to,low tl ld ot

Q

LVf}the n-4 re-onunco eorrospond- to tho a-Cﬂ pcoton rc-onunco_f?f:f‘f

7-02 the glutblafﬂ uhlt, und x.s r.pr‘.‘nt. tha_mO!onunccl

t ;tor the tour re-alnlng protdn- ln thq .a-o untt

fflattor renonanceo re-alnodﬂunchongcd vhou Qitltt hh  “Qf:¢"“‘

4...<

‘iﬂtcnporatuﬂb or th? conconttatlon ot thdf

7ﬁ_var10d._ Thorotora, tho -ont.intonsc poakuot_tho

vas used to denoto th- cho-lcal lblttl#; 1;;_
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187
| The ‘H NMR lpectru of Iﬂ#ﬂl gn.ngunn L and lhﬂﬂl -
gg.ggnnﬁ 11 are shown ln Plg. IV—S—(A) and Fig. IV-S-(B) .
”.rosptctively. Mgngl ngnngund 1 sho's two proton slznals' } ~

_vhlch are asalgned to. the ~CH- and -CB; protons\('hlteley
. and Buenn;kena, 1967).1 In the‘ﬁresent stuﬁy, the nlgnal af ? 
.8-5 PPN vas ueed 1n the comparathe study'v&th the E-if'j. |

proton ahltts of tolate.(Flg. IV—Z). }‘ff?,”

Mndsl snnnnnnn 11 showc u ulnglet correlpondlla

_tn the N-methyl protons (2 Sppn) and the doublet rar thei*‘”
aromatlc ring protons. The a&onntlc reaonance- vdrg‘

':asslgned according to tho atudlea on dlsubltltuted benzone

‘ 0

‘:Zderlvatlves (Nart;n and Dalley’ 1963, S-lth. 1964).."

Chenlcal shltts ot thesa protons. donoted.@y H—Z nnd B~3olnjif ?_]

“th. IV-S-(B), wgre co&pared vlth thoso o;“t

Pcorrespondlna tolatc protona (Pic. IV-Z).

o
<



‘co-poundm ln ngo ot 30 5 Co |

a‘.

[ SR TR TR 1v';:-,;f-.giﬂﬁ’,~;v o

80 - 69 - uﬁlnfﬁA«:f“"zb.ﬁ

;,,

;;gzgnxg_;g=;,‘ Tho too.o unz ‘n Nli‘lpoctrul ot

'_. .‘..

“j(A) ]nﬂ;l_ﬁa.nnnnﬁ_x (o.oas-u .t pb 12.9». and

4

(B) undal,ﬁnmnnnnn_LI (0-060-l sf pD 7 1)'

- 188

.8
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2. mmﬂnmnmmmunmwm

The cho-lcai nhltt-‘ot toluto proton- woro
neasured at 30 5 c ll a tunctlon ot tho tol.t; ?oLc;ntr‘-

» tton.' The reault- are .hovn ln Plg. IV-(. Tho concon-i,‘
tratlon rangod betwoon 0 0091- (tho lovor coacontr;tloﬁl'i
ll-lt of the 1n-tru-ent) and 0.094- (tho uppor -olublllty
ll-lt ot tolate Ln pgo).f Protonl n-x and H-d oprrlonco
the larzoet ‘shigt (to lov tlold) vith tho docr..oc 1n eon- if'
contration.' nowover. proton- BBS rc-niu-d unchonaodo_fqigé :

'  oxtrap;latlng the d.ta toﬁlntlnlto dilutlon u-lna - lns-t-'i”'
squares analyllu. thc 11-1t1n¢ .hltt; wcro obtalnod. Tho.o?k:
rqsulta are’ aunnarizod 1n chlo IV-I. toc.thcr wlth tho_ ;?f 

proton chenlcal -httt- tor tho lOlt concontr.tod tolato,5 f

"xsolutlon tor cOIP&rllon purpo-o.  :ﬁ ff .‘,a.;:

Slnilar nxé;rlnont- vor;.ccrrioa ént gt 30.5 c
.Dtor both tho tolate solutlon nt a pD ot 12.9. nnd tho .gd;li}_ fi
© e
’,-sgiggnng 1 -olutlon alao at thll pD. Tpo ch.nlcul -hitt-= f;f;”'
- tor the tolate yroton B-l and tho -cn— ptotou ot .nﬁg;? |

»

.¢f\coqcentrntion.; Tho ll-lting -hltt- tor th'
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S ’ ﬂ/f.~“"'
.1‘3&3_1!:15_ Tho Conqkntr;tion Dop.ndonco ot Proton
- Chonlcal\Shltt- ot n1-od1u- Folato 1u naO ot 30‘5 C -nd

v ﬂD Ot 7.10 *

'*--‘conc-ntnuon Co e shiges (ppm)

W- ﬁ;;ﬁ€:? ~?.2 ’T if§f3-ff7 Q§§‘;fi;"5‘?5;:isf;ii.f

=t

2 py

04084 . 8.457 . 7.438. _ﬂc;égif.; 4.054

"f‘dxzfge;a¢§7f' f5oaé7;.§;fo;3z;=v1fﬁ;iifff;ﬁo;§§jyf,f

“ - . R i . -

u-u- u-o rS 0 01 \obtunod tro- tho -tnncum 'dcvlgﬂon
* ‘of l..nt—--quarc- cnul,yu-- R
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IAI'B' 'l‘ ET I!',':'.‘a o Iho Conccntraﬂ.on Dopnndqnco ot Prbton E
o cn.-xcu. smtt- ot pol..t. sotuuon .nq mx_nnnm_x
- Soluuon at 12, 9 pn Qnd 30 s c.

(A) Folat- ﬁA;*; ;”';:5Aa5°, %37f< B-1

Concentrat{lon ( -)

T owosr
. __0 048 : T e : | .
__0. 031 B A PR ey

(_"B)‘"m
e Concontration (-) _ \
S .:];.:.fo-xso;.¢,;JV S

~u'--'.-.--;-o.oezu*;;,kahfi;*"

' “.l‘ho ch.nlcnl nhttt. ard Y
u-n- u-c t0.002 pp-"‘



i -

The chenlcal .hlttn ror proton- R-2 cpd n—a tor

‘v«;-_

tion range betvnoh 0 24h and 0.023- Thc-o -hltta~ar.

lndopandont ot conqpntrutlon.3 Tho n-é cnd k-a proton

s

n-hltt- tor 0 023 .olut&pn lro tl.tod ln Tablo xv-a.: Al.o,i¢7'ﬂwf

| 'f*h‘ 1“‘*‘“5 ‘hif* °f *hO eorrcopondlng pvoton. ot tolst. ﬁv 5

S

(tron Tablo IV-l) arc lncludod tor co-parllon.“" 

e



| ZABLE IV=3. The Compacison of Chemical Shifts* between = ..

~the Protons in Folste and. those in M

‘Compound ' Proten Chemical Shift (ppm). ..
_ L S f ' ' ::-E- S fv'r?'f .;' .::f£u

—— RS e

Folatess . " 7.8620.01 -  :.f6-?4t0.01

gié##i‘tii'Efffﬁ}jfi?1;755#b?b°3-3f?§3f6'7‘8*°'°°3 i :

Cen L

A .

“difference

3 oxporthe .
Rt pn Of 70101¢3ﬁ

rango (0.23- to 0.“24-)’




Thc chonlc;l -httts ot all thq tolato proton.

Hg“iuorq -tudled asa- tunctlon ot tq-p.raturo (5 8 to 60.0 c)-*gfﬁf?

"' .t two tolato coucontrctlonl (0.049- and 0-009’);3

me L

'f;tcnperature depondonees cr‘ Plott.d ln ?13‘,1V‘5°T.

- ‘:_-A- oh.orvod 1n tho concontrctlon dopondcn

:-_-_'.tudlcl. qutons _n—l and ﬁ-4 ahut fth. mo t



<.
S I i..':‘
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:IAﬁLB_iniy 1h0 TOlporaturo Dopondonco ot tho Proton
‘?chonlcal Shltt. og pg.o¢1u' Bolato ln Dzo at 7.1 pD, 1nif"ﬂf'*'f'

Tvo Dltterent Concentrntlon-..'sﬁ‘

R

B

( c) ff.fﬁ51f75*95w,u

60 84660 7.626. . 6667

1‘ ?f_" ]5;3fﬁ;iai?R%58?é3é§‘7%7;§49;Lf1%
T difference. 0434 0.27

-

1 (B) 0.008m folates. o -
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 be DISQUSSION .

'J‘ .'_‘. . o

:-;: A; deaeribad ln tho lﬁtroductlon,-toluto -;y Q;;?:n

'”ff .x1u¥ ln solutldn ln q; extondod contorn&tlon or ln n’i;ff;i?iﬂgt
‘ paPt1y toldod contoruatlon vtth tho ’torlne unit .1th'r"*” 
~)above or beLow thc bonzolc acld unit. Thlu lntru-olccntar |

'L'toldkna -ay ho -tudl.d by co-pnrlng th. proton ehi-&cql

>: ~sh1ttc ot tolntc at 1ntlnlto dllutlon. vh.u tho 1ng.,-_df f T

}protons 1n tho -odol conpound'. Tho tvo -od.l co-pouqdofﬂ
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‘dltterqyce ls 0 OSppm In ngngl sg.ggung Llh,the proton-””“f
¥‘;che-1cal shlrts are lndepondent o! concentrntlon and ;f*
ttenporature(Tahle IV-S). The data ln Tuble IV—G lndlcates
ifthat theseﬁihcnical shifts are very sl-ilar to the llnltlna
:shltgs*tor protona HPZ and H-S or tolate at lnxlnlte
 ;¢1tut1;n. the dltrerence 15 O 03 ppn tor the H—G protona"uA
fjand 6.10 ppn tor the H—2kprotons.; Tho lutter dltiorence

r‘¢ N

-f.ay partly bc due to tne tact that thenn-z proton. aro ngar

e T

ﬁ   an, amlde 3roup ;n tolatd hut noar a carboxrl gpoup ln ﬂﬂﬁgigﬂ-“ o
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tlon may 1eed to consldereble etruln 1n the nlddle parte oi

3

: the molecule. '

l In noet aromeuc ce-pounde, the proton chem;cal
;‘ . i R v-_‘ '.!:.‘»:

5

shltts only very sllghtly w!th conceﬂtretlon or tenperature

(Zlmmernnn end Foster, 1957‘~Bothner—By end Gllck./&957,
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~4

_dependences 1nd1cate that the tolate noleculea ure .

‘lnter-olecularly usﬁoclated.v‘

Iu largg noleculoa-vlth>aronat1c ond allphatlc

;tragnenta, tvo type. ot lnter-olocular a.-oclatlon are o

R
S

jotten encountered.

.® : s :& ] ; .
(1) Vértlcal atacklng, ln ihlch the -olﬁculel aro packod
“ o ﬁi’ Q R

vith the aro-atic rlngs one qbove tho other. tornlng '] ’

‘been proposed tor/-o-t nucloonldo- and nucloofido.

., (Ts'o g; 31. 1969 und rctoronco- thoroln).

R
oy

r{‘
'regions ot tho loloculos as.ociate, yot tho .llphatlc
.»A.-ns."‘_.b .
groups with 1onlzablo terninal groupl oxtond outwnrd-

: 1nto the watcr aolvont.: ulcallo ton-at”on ha- bocn :;;ﬁi

B

';f 'surtneo. Thls ly-natrlcal ar“unggnqn;ﬁ

",-olecular coplanar stacks.i Thl- typc o! ltackgng haa ‘f;g»i

(i1) Micelle tornatlon, An whlch tho g qutlc (hydrophoblc)
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IV-1 and Table IV-4 indicate that profons~q;3 dnd H-4 have
- " - - CL
' the largest concehtrntlon“qnd tenperature dependence.v
. . \ v !
Furthenmore, in the coné%ntratlon dependence ntudy

'-(Flg. I1V=-4), a sharp dlscontlnulty in the cu’yes voutd have

L4

occurred lf the foiate moleculea tormed a mlcelle fﬂuller_.
and Birkhshn, 1967). However, the chemical shifts vary
. 'Y . .\ i K . . .v ) P -

monotonically., = A .

. L \ . ’ v . . . o Y
In both studies shown 1 Fizﬁi‘IV-4-and IV=5,

when t:; concentration ILs increased or the iimperqthrevfn

decrea;ed, all the tolqte bébtohs"(éxcept the K-Slphétbnsu'
A : "

.whlch are gbnstunt&-are shltted to high ilgln This’A

1ndlcates that the lnternolecular assoclatlon ls not due to' 
hydrogen-bondlng which lnduces l%f 11g1g ahltts on . the

<related protons (Arnold ansy?ackard, 1951. Schnelder 31 gly
1958). Thgre:ore. the nssoclatlon nost like£y arlse. tro- :
fhe 1nfqradt1§nq betveeﬁ»the-nelghbourlhaflrouutlb\groupa“
in A-vertfc;t thékiné manners ' In tha -tueks, the tolate'
'protons are. elther above or}belo' thc~uearhy J&o-atlc ;f 

:

ot

unlts. 'Consequently, a pronouncod dla-agno[4j;rlnj—curédnff

ettect on the proton shltts ln obsorved.ﬁl R A

Flnatiy, thc relative orlentntlon ot tolat¢_ 

-

~ molecules ln the vertlcal}stacks 1- conlldored. Thml.
noleculé may orlent 1t-elt vlth lt- cro-a%le pterldlnc unlt

‘f.(the hendQ\and ltg alutu-le cclq unlt (tho ta!l)?ubopc or"‘
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v “
_belov the correepondlng units of the nelghhorlng rolate

molecules ( a head to ‘head arrangemqnt Je Another.A
poselblllty is that th&haro-atlc unit (the head) 19 above

" or below the oelghhorlng glutamlc acid unlt (the tall) [ a’

¢ o

.4

_head to tail nrrapgenent }-- In the tormer arrengement.

gMmilar temperature anﬁ'concentratlon dependences would be

. expected tpr 1he palr ot protons K-l and’n—4, as. well as:
for fhe palr of protons H~2 and H-S.. Fron the results

1leted in Tables IV—l nnd IV-4, the chemlcal ahltt

hdltferences of prons H-G and H~-4 resonble.ndre each
) . ¢ ,

_.other in magnitude, lnstead ot thnt ot protons n—a and H-l.“

The slmllarity 1: also observed fbv the H—2 and H-{ -'.

protqn\.‘ | N ‘ . : | ;- ‘:_.. . S -. .

Pron the uagnltudes ot the dia-agnetlc shltts,:.

N

isee u-a, -4 >> n—l. n—-2 > B-S- the -0-3 ¢°n'1"°ﬂf "°“ 1 "

&’

ror asaociatlon 1s shovn ln Fig. IV-6; In tho flaure, the."

 £01ates nre partlally nverlupplng ln a hoad—to-tall -annort"

’b
o From thls nodel, 1t la neen that tho proton- H‘*S and B-Al

are’ the closeat to the nolghborlng ptorlne unltl. Proton-'

_H—2‘and n*l are a llttle turther renovod tron tho nccrhy

LR

.“'benzolc acid unlts, whet@as th‘”ifuta-lc gcld proton- 8-5

"are away trom both unlts pnd h.ncp thoy are’ cOuplot.ly " :

3~1nsenslt1ve toward- the qhunaal ln to-poraturo and eonecn-
w ’ N

tratlon. Tho sane hcad—to-tall -odol ;- -upportod by a

AR



.. . _ .
: lubaequont pH and concontratlon -tudy {Poe. 1973), atter

\tho publlcation ot the prouont vesult (Lan -and Iotowycz,

LY

":'1972). "‘\ ».-' ‘   7. ‘ “~? N ’  “ ’_"”. o

?B_f TQe nodol ;l;o nh;ws s unltorn glstrlbuflon ot
lonized groups of the tola*e noleculos towards the pol;r
;ater aolvent, whlle the- aro;atlc groups nttaln nlgnltlcan¥ |
hydrophoblc 1nteractéons."81nllar partially-overlapplng ; Qf
"models have been obsarved 1n nnny hoterocycllc co-pounds 13
'the cryetalline sgute (Busa 31 AL. 1971) and in -olutlon aa

' deecrlbed ln thg 1ntroduetlon-‘” e ';?.3

Y ) 7 N e L J R
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The ‘B NIR oxperlnents on dlsodlu- tolatn ln ~:U{ ¥

‘aqueous solutlon (pD Te 1) lndlcato that thc 1olatd lon

. :
cxist- ln an untoldod. extondod contornatlon. Polnte Lcn-,hf-

vhowover, are: lnvolved in lirong lnternoloculat c--oclctlonv,f.

EERFCLE

'ui.

Thls proporty is qultc churactorlstlc vhcn co-parod to thof£‘

. -uch weuker aseoclatlonl ln otﬁbr tollc analoguc-, such as'“‘

v

N‘°~netby1 tolato. lothotrexcto and dlhydro-toluto

'T»(paatore. 1971. Poo. 1913). 'rhe dutor-nco may bO one’ °1'

[

-‘the tactors ror tho div.r-o blologlcal ef!ects ot tollc fnl.fv

'.acld aod thesc tolnt dorlvatives.v Purthernorc, tho dnta p‘

'T-show that the<;olate 1on- assoclate 1n vertlcal ﬂtacko._jﬂ* o
From tha varlations ot the chenlcal shgtts vlth to-peraturé
I . . "' « . 0 iJ .
‘_and concontratlon, a heud—to-tall vorttsal stacking nodel

!

.A.ia propoeed with the hydrophlllc Qnd- ot tho -olcculc

-

jfaltednatlng 1n orlentatlon wltﬁ re.poct to tho hydrophoblc

-.fb» B e
'";portkon of tho nelahborlna noléculoa. .;.w.;\“%, BT
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' .linear—lcnst—squares hnalyals ot tho datu obtalned tr m‘

‘ .
]

(180 —T -90 ) pulso soquenco.l 'hen the thernal

T eqnlllbrlun nagnotlzation, Mnl " 1. knovn, thc stundard

OQuatlon described ln Chupter Il[Eq. (51-29)] 13 used. .
Thls equatlon la rawrltten horo ul tollovs.‘iff

» SRR
Therotore, a plot ot 1n(M H ) v. thc;tllo 1nt¢rva1

'%:aﬁlln. with llopo v~]/T

VAR ‘:]',e_* L f‘;vwﬂ'ﬂhf»~f*~
also be u-ed.Avthquylpclplqﬁ(cnagynhc‘_Ir

i
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951?5 in which the time dltterence between ‘the two‘valueﬁ*

LA et - . .
ot the nagnetizntion 19 an’ appropriately cboaen constant

'lAtjy A schemntlc dlagram 18 lncluded to llluatrate the

4.

- »
i
. . ¥,

nff‘.'.“‘fp” T Sl (A—2)

At flme T1‘ the corresponding -agnetlzatlon 1- Blven by R

"

( Eq.- A~1) which muy be rewritten ln the tollovlpg :orm.;ifgj-fﬁzﬁf

B ‘ 1 2 exp

LD
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”Sihilcrly, for tlmek 11+At N

S -ﬂ(-r"',:ﬂ‘;:!i'tg)‘
Moaar T oM -2 exp—

o oo S
¢ ff.::} *".'*~if-’”"',f ﬂi".' “'4’ e AR

Taking the df&ierence between these two equations, one

L]

obtalnsu".

(A-S) e
fFor all pairs ot datn pointa wlth the sane vatue ot;At rtiﬂ"
g fK is a constant- Theretore, Bq..(A-S) 1ndlcates %hat fhe .@g,«

,ianatural logarlthm ot the dlttorence bctveen‘tho two data

pointa atso variea lineavly wlth ho tlnc TT . Hanco tho
slope ot the plot ot ln( M .H ) vu ~r ~.ul-o given a
: _ 1+At g TR T ,

"evalue ror --1/T

3f}§f, Both ot the above techniques are included ln the

,.__, .

e ey ; SR o i
,_cofputer program tor data treutnent. Tho program ls o 'g*

written ln the FORTRAN IV languane;' The llstlng ot‘the

f:program and the documentatlon descrlblngﬁthe lnpufiand

"f_output tormuts and varloua optlons are glven ii
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* 1 LINEAR FITTING.

~==========================- ’ : : o v

SUBROUTINES USED IN THIS PROGRAH'
LSQSH TRS IﬂT GUGGEN NOLL

0
cano(o) MAIN EONTROL CARD |

.. .° 1SXP,NULO,IG, IDEL,IH'TABLE WT, INTR, R
Gy (8(11 x), P10, 0 ok
ey ,9

'_ caan INPUT'

(of

c

c

c.

c

c

c

o

o

'

c .

o / TR

S c ,éstp- SET TO.J IF nama IS FROH BRUKER sxp LR
c - SPECTROMETER. -
c '»“_;QQENULO. SET 'T0 .1 'IF ONLY REQUIRED To. ESTIHATE\T1
c . VALUE {SEE SUBROUTINE WULL) . i
C- ., ' 1I6: SET TO 1 IPF GUGGENHEIM. Tﬁﬂl{uENT IS uszo ?.g:;
c ' (SEE. SUBROUTINE 'GUGGEN) RESE
c "IDEL: NUMBER OF HT ‘BETWEEN THE conausarn PAIR uszn1;“ L
C ‘.0 _IN THE GUGGENHEIN TREATMENT, Clom
c X _IH"THE INDEX OF THE INITIAL DATA- po:nr\(rnz annv);x“'“.
c . -T0 BE USED IN THE CALCULATION OF T,
c o -vTABLE' 'SET'TO 1.IF DETAILED OUTPUT. IS
c - - REQUIRED(SEE SAMPLE OUTPUT) ~ e

L€ T g SET 10 118 wzxcar:nc 15 APPniED 0 THB INPUT ’

€ . DATAL R

c ;7:fINTR uax:uuu wunazn or ITERATIONS TO ESTIHATE PR
c R HT(0)e - AL
c . ;-ra FREQUENCY or THE EXPERIHENT(HHZ).fA
cC v . .
c
c
of
c
c
c
¢
c
c
o
c .
C’
C
c
c
c.
c.
c”
c
C.
c

" CARD a T e
- , ‘TITLE S e e e

) CARD (2) S 2 ) “V~;:,>;;:; o BT B
- miNPT HT TA&LE TAU(1) DEL aro el e
;f (313 3?6 3y HAifﬂJ ﬁﬁJ4;.f;f¢3-f];fffff”fﬁ
NPT = NUMBER OF DATA st. ,.';.‘?ﬁ"w“;‘ '
T 2 WEIGHTING OPTION. . e
p;{;JTABLE-ﬂpaINT TABLB~OPTION. e |
“ TAG(1) = THE FIRST.TAU INPOT. - R
. ‘;DEL= INCREMENT. IN TAU..(OPTION_gaJ, FOR 'TAU.S
oo ‘_1':_Q‘ iP DBL 0. 0) e R BN EA U P et
i;igjfamo- uz (0)f‘ :

-
-

,;, CARDS(2-A) IP? nzn=p o.,_._ Nt
: CTAD(I) .~:ﬂ,;;.'& R

o (10:(P5. 3, sx)) ' -
<*vfﬁ{‘ Iucsnnsxus onpza As Tnn ﬂﬂ.

. . : : ‘.J'-
- - - . s . . - . B ~

.




aqan0acnn.

annaa

7.

112

120
100

101

a 10“

'71021-

" GoTO3 ':.vw;, Gt R

2 .READ(5,103) (HT (3)'; 3= =1, NPT) S R L
103 A e ,

%¢;a15f
:;”11{f'

'adzu}} AT BT

"FORMAT('0¢ ’/ﬂ/' TITLE A e PB. 4, 2X ’ . BHZ ' zx 2051‘,; - e

. IF{NTR.GT. 0) GOTO ua D A
NTR=INTR - L ,a.':‘,.;,~,»,%s.,-

115

L4330

- RBAL*a D(S) swn15) S o s R
»DIMENSION TAU(SO) HT(SO) o e e

s S e

ma§ CARDS (3)......< -
HT(I) OR HT(I) AND HTH(I) 1F ‘IH=0
" WHERE HT(I) IS THE HEIGHT OF THE SIGNAL.
AT TAU(I), AND RHT(I) ‘IS THE WEIGHT -
APPLIED TO THE ar(x) o
~ FORNATS:

10(P6.3,10) OB 1(#6.3, 1x.11 2:)
. . -.~_- 7 B ' -. N - L’ .. B // » ‘
MAIN PROGRAN x ;

'.':::::::-.-2:::::‘ R S S ‘

INTEGER*4 - TIT(ZO),TABLE,WTHQ?O) aT

. NC=§" o .

ICARD=1 | s | o o
READ {5, 112)ISXP,NULO,IG,IDEL IB TABLE WT, INTR FR

FORHAT(8(11 1%) ,P10,0) c e ;
; IF(ISXP.EQ.0)GOTO 120 I ;(

"ITER ITERA ION couurzn
ITER=0. = ‘ R o '
CALL TRS(ICARD TIT, NPT NC TAU(1; DEL HTO ar NTR)
IF(ICARD  EQ. 0) GOTO 99 ;’; IR
GOTO' 3 | o ff'?T“‘J"'-f
READ(S 100, END 99)(?1&(1) I 1 20) _g%-iv.‘,gj»' o
FORMAT (20A4): - S
H?ﬁ NTR

"READ(5,101) NPT, uT TABLE TAU(1) DEL,
' PORMAT (313, 3F6.3, 1x I g

~'IF (DEL.GT.0.0) GOTO 11

- READ(5, 1ou)(TAU(I).I*1 NPf)

~ 'PORMAT (10 (F5.3,5X) ) - g /<,1.ff11“ el

" IF({¥T.EQ.0).OR: (IH.EQ.0))" coro 2
. READ(5,102) (HT (J) ,WTH (J), J-1 upr)

PORHAT(?(FG 3 1X,I2 21))

PORMAT (10 (P6.3,1X)) |
~IF (DEL.LE.0.0) GOTO u1
D04 -3=2, NPT R

. TAU(J) TAU(J-1)+DBL :';;?.__.,*;4;1 e I et
IP(ISXP.EQ.0)GOTO 42 ° - RERa S

- WRITE(6, ’11)FR,(TIT(I) I=1,20). - e
FORMAT (0" ///'TITLE -',re 4 2x,'unz',2x,2na, R P N

- 611,3X, 17AR) |
.GOTO u3 o : '
’WRITE(6 115)FB,(TIT(I),I 1 20)



R ST e

4y DIP=?LOAT(IDEL)*DEL o ' Tty T
R WRITE (6,113) I5XxP, IG,IH, IDEL DIP, i -
&TABLE,¥T,NTR, NPT, TAU(1) DEL, HTO
: IP(TABLE EQ. 1) GOTO 51 S :
" WRITE (6,116) (HT (J) (J=1,NPT) o ‘ N
116 "PORMAT(/,TS5, *INPUT BT ;',/(ux 10(F6.3 2!))) .
113 .PORMAT(//,U%, 'CONTROLS" --,Tso,qipxp ',I2, /Ts,,; R
~ G'GUGGEN, =!,I2,T30,'INIT.EFF.PT.=!,12, T60,. . .. - e
- §VINIT.CON.PAIR =+¢,I2,790,!DELTA =',r7 3,/T5,
. "'§'PRINT TABLE =',12,730,'WT APPLIED =*,I12,T60, — .
. GYREPEAT # :=',12, T90.'NPT ,u,12/,rs,'1nxr. mau»~',r7 3,
6730, 'INCREMENT =¢,P7.2,7T60,'M2 (0) =*,F7.3)-
- CALL NULL(NPT,NC,HT, WTH, IH,DEL,HT, rau SLR; BTINP)
" °  WRITE(6,105) SLR,HTINF - -
105 FORMAT(//,6X, 'NULL=PT. ESTINATION f',TSO, _
. 6'1.,/ 71 =',E1C.4,T80,'HTO (wr.avs.fi,rv '
. IP(NULO.NE.1) GOTO 50 .. . _ o
WRITE (6,109) ~  -
" GO0TO 1 . ‘ ’ 6
‘50 .  IF(DEL.GT.0.0) soro 51 _
. * WRITE(6,114) (TAU(I),I= 1 SNPEY-
114 ronuf&(rs,'lnpur TAD --,/,(nx 10(?6 3 zx)))
- 51  IP(WT.EQ.0) GOTO 52 . .
' IF((HT.EQ.1).AND. (ISXP: EQ 0)) GOTO 6 e
CALL IRT (NPT, NC, W TH, IH) _ S e
, GOTO 67 © .- - G 71‘ 'r:i}.s:-_a‘u»;{.-“y;j
52 DO 5 I=1,NPT .f; L -1;;“.,g,;,~:‘,j R EATRE TER SR R
5. HTH(I) 1 '-ffv"ﬂ 1.j,,k”‘.llf fi,_iQ“‘  ;-3m.__?‘ :
6 IDD=IDEL| -".:;a¢;;;_.-@¢; _-_;.-g,cfgp'_,;_,
60 . ITER=ITER¢Y .. -~ = '~ S e
s IF((HTO.GT.O. 0).AND.(IG nz.1)) coro 61
IDD=IDD+ITER=-1 PR
CALL GUGGEN (ICARD, IDD DEL nc npr ﬂTO HT wrﬂ IH Tau,
sr1 T1R, r1sr HTCAL) R ST e e e
. goTo 71 ST L e e
61 p0.7 I=1, NPT ~_-Qx~u;;*ii T T e s L L L T
' S D(1)= TAU(I) S e

.. & S

. P

'c.,_'.'A SAPETY cazcx nzm: T T SRt TR I
S U DELTA=HTO-HT (I) ik ”""1”9'5*z-t:7 e mS ey e
:~IP (DELTA.LE.C.Q)" GOTO 98 T T R e
. D(3)=ALOG(DELTA) :uﬂ”*ffi"ﬂ*;zj,*;'";;5*;:j,w-i¢;:u;
o AWENTH(I)e . T
L/ CALL Lsosﬂ(o 2, D nw IPN smn);:q
s 7<1CONTINUE R S e S
' 4 CALL- Lsosn(1 2, o uw IPN srn).;g;g';;; RN e
. IR(D(1).EQ.C. 0) GOTO 98 S RN PRI O

1= -1, /SNGL(D(1))
. T1R=1. /T1 ST e e e
-»-r1sr-r1*r1*sncL(swo(1)) “:uu;,,M,j:jg:a,rsg¢:y,¢¢ ;: e

'O\;',.




. 98
117

99 .
10

' WRITE (6, 117)HTO,(HT(J) J=1, NPT)

HTCAL=EXP (SNGL(D(2))) /2.
"IF(ICARD.EQ.-9) GOTO 98 : -
_WRITE(6,106)T1R,T1,T1ST,HTCAL, HTO o
FORMAT (T5,'1./T1 =',E10.4,T35,'T1 (SEC) -',ra 4,
1760, *STD.DEV =*,F10. 6,//T5,'HZ(0) CAL. =',F8.4,
2735,'M2 (0) OBS. =',F8.4,//) °
- IF((TABLE.EQ.0). AND (ITER.GE. NTR) ) GOTO 1
"WRITE (6,107) |

Ponuar(sx ' -F = TABLE,  ===== '//,ux,
1'TAU(SEC) ', UX, ’HZ(OBS)' 3x,'uzo-u2(1)',ax, T

?'HEIGHT',UX,'HZ(CAL) +6X,'DIFF')
DO 8 I=1,NPT

CAL= HTCAL*(1 -2, *EXP(-TAU(I)/T1))
DD=HTO=-HT (I) | |
DIF=HT (I)~CAL - § ‘ "
WRITE (6,108) TAU (I),HY(I), DD HTH(I) CAL,DIF

FORMAT (5X,F6.3,5X, F? 4 5x,r7 4,5%,12, 7x £7. u sx,rs
_WRITE (6,109) .

FORMAT(//, ======= : = _ o,
2'::—:::: ) : - _ - Tl e
IP (ITER. GE, NTR) GOTO 1 < : :

IF (IG.EQ.1) GOTO. 60 .
HTO=HTINP - * . . L
GOTO 60 - ' I

199 :

) :

'FORHAT("' 'ERROR IN INPUT DATA ********** HT/-HT('

1'I).LE, O 0 *xkxx? /TS 'INPUT CHECK H?0='

o

2E10.4,//T5,'HT :*,/, (10(E10.4,2X)))
§(10(E10.4,2X))) I

CICARD=-9 . 'f

GOTO 1 &
WRITE(6,110) .

FORHAT(//,SX,"'= DATA EXHAUSTED. -="')
sTop

L
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susnoumxnﬁ\nsosu(xno.nu'o‘uwr,x?n.srn)

'c P

C  PROGRAMED BY nn.uccnunc AND DR.BIRSS, cnsu.nppr.-

C DOCUMENTATIONS SEF CHEM 570 PHYSICAL CHENM MANUAL. _
INPLICIT REAL*8(A-H,0-2) ' . S
REAL*8 DABS, DSQRT; PLEV/O.OODO/.R(S.S1,0(5).1(5),szr;srn(5)
. INTEGER*4 IND/O/ o . T L . o
~IF(ILQ.NE.0) GO TO 102 - :

.

IF (IND.EQ.0) GO, TO 18 Lo
1 N=Nu+1 L N
/;;y}uvr S . SRR
0 2 I=1,N ey
DO 2 J=I,N - o Lo
-2 R(1,U)= R(I.J)*!WT*U(I)*U(J) Co
-RETURN Ty .
102 wT=M' ,:>‘ SR
' NM1= N—l o ‘ ‘
PRINT 901, NoNN1 L e
* DO 6 I=1,N . . -.; S ‘%;
' M=1~1 C RN S
" X(I)=DSQRT(R(I, I)) oo L
IF (X(I),LT. 1.D-8) G0 To 6 *JH
DO § J=1,1 . - S T e T
IF (X(J)eGEa1, D—8) oo TO 3 e
z=0.0p0. . : R T R T
GO TO 4. . L e
Z=R(J,I)/(X(I)*X(J))
R(I,J)=2 . .
. R(J,I)=2
5 CONTINUE. : e e
‘6. CONTINUE = .~ T ST TR SR SR
T VNIN=1.D470 0. o 00T e
'~ VMAX=0,0D0 o AR
DO 9 I=1,NM1 . I
IF (RCI,I).LEe1. 0-4) co ro 9
V=DABS(R(I,N)*R(NyI)/R(I,1))" -;
IF (XCI).LT.0.0D0) GO TO" B ST
IF (V. LFquAxo o ro 8o R
VMAX=Y 4 = D S R
IMAX=T AR : - e
60 TO 9. o '  ;-.;3:,;;~j<~r,.f
8 IF (v.GE.vuru) so ro 9 B R
” Iuln T '- ‘,"f”m -”_.'{Z,y.g : A‘,,tﬁjw'ﬁg-f:g'ggffytﬁ‘ﬁf

n& fa)

e

9 CONTINUB
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O o : .
N ' ' . v ) )
IF (RUN\N)sLT.1.0-10) GO TO 16 =~ /
 IF (VMIN®WT/R(N,N).LT.FLEV) GO TO 10
. TR ( VMAX*WT/( R(N,N)- VMAX).GT.FLBV) co TO 11
© GO TO 16 _
10 K=ININ B : S
©wT=wTHl.DO . . o ‘ | _
Go TO 12 S
11 K=IMAX - ' ' . L e T
. WT=WT=1,D0 . . A
'12 X(K)==X(K) .- ' -
Z=1.DO/R(KyK) = o o ‘
. DO 13 F=1,N .~ . . o
13 R(K,J)= Z*R(K,J) , _ S s
R(KyK)=Z - e R S PR
PO 15 1=1,N. S S R
IF ( I.EQ. x) GO To 15 S e
==R(I,K)" - __Jv‘; SR SR :.f%j]~uu*‘ﬂ
R(I,K)=0. Gno T e e
.. DO 14 J=1,N . - -
14 R(I,Jd)= R(I,J)+Z*R(K,J) e
15 CONTINUE . R
. 60 TO 7 : ' .
16 SEY=X(N)*DSQRT(R(N,N)/WT)
IFN=0 = <
'PRINT. 902.,ss¥
DO 18 I=1,NN1- .
IF (X(I).LT.0.0D0) GO‘&O 1700 e e
S u(I)=0,000 - . o
" PRINT 003, x U(I) Ct }.Uw(“;dﬂff‘;;f_? SR
GO.TO 18 o oo e
'A17'U(t)=-R(I N)*X(N)I!(I) B T T R SO
VMIN= -szv*nsonr(n(l y1))/X(1) ;'?iff-lf, o e S
'STD( I)=VNIN~ W.:<g~*,'?€juf-¢w LT
.~ IF (VMINGLT. DABS(U(I))) IFN=1 e
' '18.CONTINUE - o P
o PRINT 905 P SR T
19 u=0 o '»'1,1 s L A e e
RN To 20 1= 3 R TR V2 T
. DO 20°J=1,§ - y_-x R AT L
20 R(1,J)=0. ono ST T e T e T T
o IF ( ND. NE. O) RETURN ﬂf_;j.;’ T P S A ELANS O
-7»>-'-GO TO 1. . S T \
1"5ronn5r('1f,sx,'nrsvnn LEAQP soonnes rxr
114" - PARAMETERS IN. THE MCDLE. '7/) AR ,
2 poauAT(// 6X, ' OBSERVED-CALCULATED STANDARD DEVIATION»:
003 FORMAT (14,E18 s 20!.'INDETERM!NABLE ar suautrrao DATA'
905 FORNMAT ('o') Lol SRR 5 .
‘..;END'.,uw
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_ SUBROUTIEE TRS(ICARD TIT, NPT NC TAU1 DEL BHT, RHT NTR).'

8:38:2:2:823-'8 :

- THE SUBROUTINE CONVERTS THE DIGITAL OUTPUTS :
THE BRUKER SXP T1 EXPERIHENTS, WHEN THE DIODE
DETECTION MODE IS USED, INTO THE: USUAL INPUT
PORMATS OF THE HAIN PROGRBH. :

.THE NEH INPUT CARDS ARB 1

AS DEPINED IN THE ﬁAIN PROGRAH.

"'CARD (1) TRAIL INDEX, - trrzz_f
B % L 1 [V

ACARD (2) .ITAU(‘I), DEL' INTR L
(I, 1x p1o o 1X, 11) B L < A

INDEX-OF. THE INITIAL TAU.

"INCRENENT OF TAU. . . - -
MAX. NUNBER OF Irznarxous 0 ESTIHATB
CTHE BTO. - - el e

ITAU(1)
"DEL * .
CINTR

C
C
C
C
o
C
C
C
C
C
.G CQED (O) CONTROL CARD
C
Cc
C
C
C
C
o
C
(o1

- “CARD (3) NP (211)  t o e e e
_ NUNBER OF HTO TO BE AVERAGED._- R

| caan ® uro VALUES.» (10(16 1x)) ":; j;ff}  j €{T5'}§Q
lCARD (5) NPT (12) Nuuann or DATA poxnrs. ;,,.Ff'

C
C
o
[
C
C
C ..
c.-i, cnmn (6) HT VALvEs. (10(16 1!))
C : _ : : N
[»
C

INTEGEB*Q TIT(17) NTIT(17) HT.TABLE HT(SO) nme115),,,»5*1
h\ 1ava TLB(17) A ,e-v~?‘
"REAL*4 RHT(SO) e i L EEh
 INTEGER*Y TR(2)/'TRIA' 'L = '/ BBAD(2)/'TRIA' 'L 1 '/
-_c... HERE ARE SOME DEFINE  OPTIONS A¥D SCALINF racron 'x;g;4,u
;zc...roa THE MAGNITUDE' OF nr._»,;,‘ : e ‘_wc;?;,;@f
47 PACT=10000. 0 ‘ vr'.watﬂgv.,.~Aﬂ,;,,.,<‘~'; e
- C&e. END-OF DEFINED. - |
i;:f.~,. IF.(ICARD. EQ.-9) GOTO 17 PR
- . READ{(5,100,END= 16)IN (NTIT(I) I=1 17)
100 FORHAT(GX,I1 18Au) L I _,;;, S ST
cv20'f_:TIT(1)=TR(1) L 10 {z;fa~';;‘gj_,~j}} T
L ;-'TIT(2)=TR(2) LR UL T e e e
7]* TIT(3)=IF
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.~ IF(IN.GT.1) GOTQ 2
- DO 1.3=1,17 .
1 TIT(J+3)—NTIT(J) .
2 READ (5,103) ITAU,DEL ,NTR:
103 - PORMAT(I1,1X,F10. o AGIN . o L
: - IF(ITAU.GT.0) GOTO 21 T
 NTR=NTRO S
ITAU=ITAUO
‘DEL=DELO .
TAUI=DEL*ITAU - - .
IF (TAD1.LE. 0’0) G0TO0 17 e
o GOTO 6 - T
21 TADI= DEL*ITAU s R
C...CHECK - - SRV
 “IF(TAU1.LE.0.0) GOTO 17
.. READ(5,104)K1,K2 v-
104 PORMAT (2I1) . e
: iF({K1 -EQ.1). AND.(Kz EQ 0)) como.3ﬂ”,
K=K1 . . DRI
- IP(K.EQ. 0y GOTO 6 ST T
G° o4 ,-;'ff”'* :5"'
4 'RE D(5, 105)(HT0(I) I= 1 x) e e T
-.105 .'PORHAT(}O(IG 1x)) " B e RPN | (I
*,'.AVH‘O- . 'Et'*'fjx B P B -
ST Avn—aT0(1j+Ava T S
6. asan(s 106)NPT S N DR R A B
106 PoRMAT(IZ2) o o j&fg;,:f,q“gﬁgfﬁ,glg;~-r Tl
U IR(NPTLLELO) GOTO 17 - - e
'READ(5,107) (HT (I) ,I=1, npr)
f 107.~-ronuar(10(16 11) 10x) R
v, NE=HT (1)) S | :/fff~ o
o WPT= NPT-1r:;--‘ J
DO 8 J=1,HPT1. '.-lt;ﬁ
. IP(NH.LE. HT(J+1)) GOTO 8 S
SR R=HT(J*1) : B
T EC=Jd+ 1
'8 . CONTINOE - .. ,r;HAr..“.'
0 NC1=NCHT SR A

“ . IF(WH.GE. 0) coro»12 _
. DO 10-I=1,NC. . . R
10, RET(X) FLOAT(”B-HT(I))/P&CT
" DO 11°J=NC1,NPT.
--11,*v'Rar(a)arnoar(ur(a) ua)/racr el T
'ﬁ'"5»1;BHT=PLOAT(AVH-NH)/?ACT _;_;“Vgg_;53w
o 6070415 _ ,‘.,:=~"(

.12 0013 a=1,nc | B
o k B ~BBT(J)*-P%OAT(HT(J))/PACT




L _no 14 J= uc1 NPT . '
14 RHT ()= PLOAT(HT(J))/PKCT«'
.. BHT= FLOAT(AVH)/FACT -
15 ITAUO=ITAU A
" . NTRO=NTR-
" DELO=DBL . =

‘ RETURR . (~
-‘c...szanca FOR NEW SET OR _ Doy
17 WRITE(6,108) TAU1,K,NPT: ' ST
108 FORMAT(!<*,'ERROR INPUT ****-,/'o' 'TAU1’,E1O a sx,
1Y K ',12,5X,'NPT =',13,//%=1, tk% SEARCH' Foa
3 Anoruza SET OF DATA BEGINS -***** './//)
g18 - . 'READ(5, 109)(TLE(J) = 1, 17) - RN S
109  FORMAT(18A4) . -'xfﬁﬂ-f“H-'”
-~ IR(TLE(1).NE. nzan(1)) GOTO 18W;J,:;v o
o IF(TLE(2) NE. azan(Z)) GOTO 18/3”“T}f;~.;,‘,w,»:'f.',l L
19 - - M‘IT (J-2) ‘TLE (J) T e T e T T
Wit ~,ICARD=1jh* e e

0

. .G0T0 20 .
16 ICARD=0 . . -
4f.fazrunu-;,'A:;;f;w,:a



aAmcanacaan

o

Sanac0acanaa

- THE suanour:un IS ACTIVATED BY SETTING ,.,f;-

.

o suanourluz NULL(NPT NC wr HTH IH DBL am TAU SLR,HTINP)
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SUBROUTINE IHT(NPT NC,HTH IB)
INTEGER*“ HTH(SO) :

=1 IN THE CABD (0).

THIS 1s . A USER SUPPLIBD SUBROUTINB,..a;:*“‘“ “f.';-;,--'
WHEN SPECIAL WEIGHTING “AND TRUNCATION OoF THB s

| INPUT 'DATA ARE. Dzsxnno._;_.v.

'a'RBToRu fff* ;-f ;igi:;i?_**59»;*];;*55.;;‘1"< ,1“;J;;;
END 'jf j b e Db

S
K3

,,' 2 “,;.

.:Ik

: 'THE SUBROUTINE USES NULI*POINT HETHOD TO ESTIHATE
““THB T1 &ND THE lVERLGE HT(O) VALUES

NULL-POINT, NC, IS THB INPLECTION POINT (THB TLU - ;
'VALUE). AT WHICH ‘THE . HAGNETIZATION VECTOR IN THE Q{ {f

o T1 EXPERIHERT CHANGBS ITS SIGN.=”.Q_H

:.5nnan HT(SO) TAU(SO)
. . INTEGER- HT,HTH(SO)
1J;DIP1—ABS(HT(NC)-HT(NC~1)) AR
R DIPZ‘ABS(HT(NC)-HT(NC+1)) i
‘j{,TNUL=TAU(NC-1)+(2.-DIF2/DIP1)*DEL 0
_‘:;SLR«ALOG(2 )/TunL = o v«.>},j¥;¥{gg
L SON=0.0 . o f;i;?" f&?»fff“q L rmel e
T AN=0.0 B P R I e R e T L s e,
"lfNCN-NC-2 Lo »:ffj_:ffﬁ"?*fﬁff%fﬁggf”j”““‘“V‘f.‘n" .
© . NCP=NC+2 . o B R
. IF(IH.EQ.0) IHeY' |  1,¢1;,:¢; 1:aj S
D03 J=IH,NCN SR Lol : FURs
L WA= HH+HTH(J)*HT(J)/(1.~2.*EXP(-TAU(J)*SLR)) e
JsuM= SUH+FLOAT(HTH(J)) A
.+ 'CONTINOUE- o
-~ DO 4 J=NCP, NPT R T
SN 1. HH+HTH(J)*HT(J)/(1.~2.*BXP(~
-f;&suu-suu+rLoxT(ara(J)) ;

" CONTINUE °

. HTINP= wu/sou
. RETORN " ‘

);},END o
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L SUBROUTIWE GUGGEN(ICABD IDEL DEL nc ugr,uro HT WTH IH,~
- &T1,TIR,TIST,HTCAL) . e
- GUGGENHEIN TREATHENT (E.A. GOGGENHEIH. par.,nas.,-~>

2, 538 1926) EQUATION: = - g
LN(HT(J+DELT)-HT(J)) B - TAU(J) 7 T1

B 3 -axa, HNPT-IDEL R .
"B = LN( 2% HIO *( 1195Ef?(41D31*°31/f”3L7f'Yﬂ

- SUBROUTINE usao LSQSH B L

fnannanaaa

| REAL HT(SO) TAU(SO)
"INTEGER*U. wTH(SO)
: ;L, REAL¥8 D.(5) , ST (5) °
C - CHOOSE THE DELTA S MR
~.°. . IP(IDEL.LE. O)IDEL=NC :;17ﬂ'f' ~ﬁivrf“ - o
'IEND=NPT-IDEL" T PN SV
"IP(IR.EQ.C) IH=1 S
IP (IH.GE.IEND) RETURN Sy
HRITE(6 100)15 IEND 'ﬁv3 A
| Is=IH e _Qv\~‘1; ; o

{>1oo poanAT(//,sx,'cucsENuzxﬁ Tnxarazur ",TGO,'INIT PT.- e
S ,12,790, ‘FPINAL’ pT.-,,Iz) R o R

R ;DO 2 szs IEND e SRt
b= =TAU(J)

2 P{2)=1,000 e
) °LTA=BT(J+IDEL)~8T(J) R
- IF(DELTA.GT.O. o;so To 1 fjjzﬁ
S ICARDE=9 s T .--1*
ST RETORNG e T
. 1A¢'_QD(3)=ALOG(DBLTA)
/7 MR=NTH(I) . ot B e
2. " SCALL. Lsosu(o 2. D,us IPN srnywrfgf«
| . CALL-LsQs¥(1,2,D,H¥,IFN, STD)TfJ'wf
- IP(D(1) . NE.O. 0) GOTO 3 e
",gy ICARD=-9 ~r:_ ; _H.,.¢-4n='“
R RBTORU T
U mRati/T1 = T
‘*; r1sr=w1tr1*sncL(srn(1)) < .
HTCAL=EXP(SﬁGL(D(2)))/(2*(1.-8!P' r1n rtoxr
1-DBL)))
BRETORN
nnn




ARRENDIX B

For a nucleua lnvolvcd ln the thﬁoo-.lto ;”f
B exchunge syste- glven ln Chapter III Bq. (III-Q). the,;
spln-lattlce relaxatlon rntc duo to tho -ctgl lonff,f”";'n

-

;~complexes ls descrlbed In thll soqﬁlono Tho relcvant

,bfequutlons tor the tast oxchango ll-lt aro dnrlved 1n tornsvﬁ;'%

ot the bquattons tbr a tvo-slto oxchnnao -ysto-.. [aa-o
'.'notntlon detlned ln Chapter III aro used hOrO].f&a ;ti

Y

"&f;j : In the tast cxchang. roglon (hlgh t.nii
S . S
'vhere k;z >> -rz.;'-* [Chuptor u. Seetlon B-2A(11)]. tho

o sane condltioa 13 alao vulld tof‘the spln-lattlcc V?i
: ‘ L ST

’ rclaxation._« f.;f Jf 5}£7;;;f

raturea).?[:7
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" where £ and. f3 are, ‘ré,spéqt;v'ely.' ‘the mole fraction.of

. . v : N o S : , , v

(2] l | ‘*;i}:,'”*"taj'
21 +a) o m+[;u

: Thc tofcl concentrathn Lﬂ then/E »vhero

o T L [51 [2] + [a:} o

‘Theretore, 1n the tast exchange regton. the three—:lte -

: aysten reaenbles a "pseudo*“ t'o-slto exchaugo syato- and

N I

;nay be represented ln the tolloVIng notatlon-v3'  ”

. : "-:1964)_ - - ;_.

TPt e
LR 'x.“flf-,"’:.'“T»_avl‘s“_'»f__

L | u]
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[y

Purthernoré. tho NMR exchango rato- are related to tho

'vequlllbrlu- concontrntlona of ‘the corrospondlng .peclo- S

19

f(Gutowsky g; ‘1.-4953. Gutovlky and 8¢1ka, 1953) ln the' _

f xollowlng -anner- L i‘f . , ': . S “'~-".i; s

: R ERR ) I

, 18-4)
. . . . ‘l
f'The exchange btheen -3 and 1 can nov be expressed 1n tor-l

}'ot the orlalnal procens.

-

a1 ‘ £1]
) £2]+[2] ’ [2]+£al T
:s:g,.}. ‘_-v‘ L ;"‘; “H._vc :f: ‘f;ﬁ:Efi f?.“.ﬁt f;?f;;g:;{j;iaf:?,rii" o

. 31ﬂ¢° ktz )) k;: [EQ- (III-IO)]. thoretora..f_}[: 

(kaz*klz)

uJ _\ ch
tzMaJ i Lzm;u

  ihen‘qu‘ (B-2) and (BbS) ar- suh.tituted 1nto Eq, (aba)'l

;’one obtalns'i}'v

Q: T‘éfifg%ffﬁ“”




N

e-pqriturq r.glon, vhoro-

loe; | "Ksg > Tg'g"‘ _

.'_

_ the expression (B-6) furibév cliﬁt%xlod'to .

21 0 tal

o Tptto= Tes2™t + Tye3™}

0

s

This is the desired equat

R

Tw Tt T
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| f2ka21 2> (£2Tiee™t 23T ),

on in Chapter III' (Eq. TII=-17).



