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ABSTRACT We have 1nvest1gated ‘the 1nteract10n of magne51um and spermlne
w1th Ile-tRNA synthetase under condltlons 1n whlch.cataly51s of L- 1soleuc1ne
actrvatlon is observed  We used a fluorlmetrlc method and titration and
stopped flow technlques - The results support the prev1ous flndlngs by
Cole and Sch1mme1 (1970 B1ochem15try 9, 3143) that ATP reacts as the
magne51um salt. At concentratlons hlgher than 1 mM, magne51um becomes.
1nh1b1tory w1th.an 1nh1b1t10n constant of . 3 mM to 5 mM. |
Spermlne is found to 1nh1b1t accumulatlon of enzyme bound L- 1soleucyl

adenylate. Inh1b1t10n proceeds via two routes; one is binding of spermlne
to an effector 51te and the other is the formation of catalytlcally inert
5perm1ne-ATP ' Presumably, blndlng to the effector site is followed by a
conformation change of the enzyme, 1eav1ng the Michaelis-Menten complex
‘less Teactive, Blndlng of the effector is associated with an enhancement
of the,fluorescence intensity of the reporter grouptz-p-toluldlnyl-
naphthalene~6vsulfoﬁate,'which is_complexed'with the enzyme. This response
islin contrast“to the fluorescence quenching observed,for bin&ing of sub-
.strates and:products. Spermine bin&s to ATP. The.strength of the inter-
action is comparable'with that for magnesium. Spermine-ATP_appears to
bind to the enzyme, however,-ability to participate’in'the catalysis of

the amino acid activation reaction is lost.




' Introductlon |
'I'he cat1y31$ of an amino acid spec1f1c ATP-~ [ ZP]PP exchange reaction
tOgether with the 1solat10nvof an enzyme bound ammo acyl adenylate were
taken as strong ev1dence for the formation of an 1ntermed1ate as part of
the sPec1f1c chargmg reactlon of a cognate tRNA catalyzed by an amino
acyl tRNA synthetase (Berg, 1958; Bergmann, Berg, ‘and Dieckmann, 1961
Berg, Bergmann, Ofengrad -and Dieckmann, 1961; Norris and Berg, 1964).
The rate of exchange as well as the preparative accmmilation of the inter-
' mediate ‘have been foond to possess a substantial magnesium dependence.
. A careful ar;aljrsis of this dependence has been recently reported by Cole
and Schimmel (1970). That the requirement is not universal has been
.eh'own for the Tyr-tRNA synthetase from E. coli which catalyzes the forma-
tion of tyronrl adenylate in the absence of ‘divalent cations (Choustehﬁan
and Chapeville, 1971_) . the ijnportant, a series -ofvlpape‘rs report' that
cataly51s of the tRNA—charging reaction is adequately maintained after
subétitotion of megnesimn with polyamines,. in particu’ar with spermine
and spermidine (Takeda and Igarashi, 1969; Igarashi, Matsﬁ'zaki, and Takeda,
| 1971; Steimetz Kayne and Cohn, 1972). Surprisingly, the ATP- [>%p)PP,

: ,eXCha'n‘ge is blocked (Igarashi, Matsuzaki, and Takeda, 1971, Steinmetz Kayne

and Cohn, 1972), and there is eyidence that the amino acyl adenylate inter-
Illediate is not accumule.ted (Igarashi, Matsuzaki, and Takeda, 1971; ‘Pastuszyn
and Loftfield, 1972). |

He have recently reported a fluorimetric method (Holler, Bennett,
and Calvm, 19711), whlch has been shown sultable for I‘apld klnetlc mves-
tlgatlon-of. the amino acid activation reaction of the L~1soleuc1ne s_ystem

of E_ coli (lloller and Calvin, Biochemistry, in press). We report in
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ttus paper the effect of magnesmm on the rate of formatlon of- the enzyme
boundv-anuno acyl adenylate and the mhl_bl.tl_on by spermlne. We have collected :

_information about the sites and the strength of interactions.

Materlals and Methods

300 to 350 fold pur1f1ed Ile-tRNA synthetase was obtalned from
E. coll B cells LMlles Laboratorles) followmg the method of Baldwm and
F'Berg (1966) T'\JS was purchased from Slgma as Lot 60C—5270 Care was
taken that the dye preparatlon con51sted of matenal fluorescmg between
480 nm and 500 nm (excitation 366 nm) Spermlne tetrahydrochlorlde was
obtained from Nutrlthnal B10chem1ca1 Corporation, and 8-hydroxyquin‘orline-v |
5-sulfonic acid as dihydrate from Aldrich. All other chemicals were |
reagent .‘g'rade (Baker).. DéioniZed and distilled water was used which had
been boiled. and cooled under nitrogen to remove_oxygen and carbon dioxide.

Fluorescence measurements. Methods and fluorimeter have been

described previously (Holler, Bennett, and Calvin, 1971; ‘Hoiler and Calvin,
1972, submitted to Biochemistry). Kinetics were followed with use of a
modified mrrtxgn=Gib§on stopped-fl_cw .spectrophotonieter"as has been described
(Holler and Calvin, 1972). In a typical experiment, a vsoluti"on' containing
0.15 1M Ile-tRNA synthetase, 43 uM TNS, 0.05 M Tris-HCl buffer, and 0.01 M
2 '—nlefcaptoethanol was rapidly mixed with a eolution containing 0.88 wM

L= 1soleuc1ne, 11 yM ATP, 43 yM TNS, 0.05 M Trls HCl 0.01 M Z-mercapto-
¢thanol and MgCl 2 plus spermlne at varlous concentratlons When the |

effect of ionic strength was studled, N_aCl was added to the substrate -

1-Abbrefviation used ‘is: TNS, 2-p-toluidinylnaphthalene-6.-su1fonate.




‘mixture. - Procedures for evaluation are generally based on linear plots

for'saturation‘fnnctions as has been described by Eadie (1942).

v_Results _

Magneswm ions. The rate constant for the fomlatlon of Ile-tRNA

synthetase-L—lsoleucyl’\fAMP complex was measured as a functlon of magnesium
‘concentratlon 1n the range 0.01 mM to 11 mM at flxed concentratlons of
0.88 uM L- 1soleuc:1ne. and 11 uM ATP, Flgure 1. It can be seen that the plot
1s biphasic, indicating. that more than one mo'lecule of magnesium could
~bind to the Mlchaells-Menten complex. At concentratlons below 1 mM the
interaction was- 1nd1cated as. an increase of the rate of cata1y51s whereas
at- concentratlons above 1 mM catalysis was inhibited. “We have ruled out
,:thevpossibility that inhibition is caused by the in’cfease of ionic strength.
For instanee, 20 mM NaCl in the ijeSence of 1 mM MgC.lz-had little effect
(only a 10% 'decrevase) on the. Tate constant.' '"Higher t:oncentfations of

- NaCl (0. 1 and 0.2 M) reduced the rate by 50% 'and 70%, respectively

_The ana1y515 of the Tate constants as functlon of low and high concentra—
_tmns of Mg was processed in the form of linear plots (Eadle 1942) ,
shown in Flgure 1, 1nset and in Figure 3. The evaluat1on was based on
the assumptlons of separate 1 1 1nteract10ns between magnesium and enzyme.

_ In the case of low concentratlons, evaluatlon was based on the followmg

» kinetic scheme: *

'KMg ,
a o Kiq o Ko .k o
@) E + T1e + ATP*" + mg?* 11 AR 110 47" atp*” £ E-T1eva + MgPP?

" E
1

Magnesium, substrates and enzyme, come together to form the Michaeliéf_

4-

Menten complex, E-Ile Mg2+ -ATP" . The quaternary complex turns over to -
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~ enzyme-L- 1soleucy1 adenylate complex, E- Ile'\«AMP assoc1ated mth the release

of magnesmm pyrophosphate. The reverse reactlon 1s not cons1dered because

dilute solutlons of enzyme and substrates were. used ((Ile) <K Ile’ (ATP)
ATP’ (PP ) <<KPPl Holler and Calvin, 1972, submltted to Blochemlstry)

No dlstlnctlon 1s made whether magnesmm comblnes w1th free ATP or with

the M1chae11§~bienten complex. _The,expre551on_for the rate constant is given

by the folloﬁng' equation:
: C 2+
B x i g®"),
3 obs = o - ‘Sig*(Mg_2+)o

The symbol KMg refers to the dissociation constant for binding of the

first magnesium ion. The parameter k, refers to complete saturation by

Mg>* jons and is defined by equation
. (ILe) ~(ATP)0

3) k, =k ’

v | £ Ko Kap

as has been prev1ously derlved by Holler and Calv1n (1972, submltted to
Biochemistry). The symbols K;y ., K ATP refer to dissc~iation constants for
binding of L-isoleucine and ATP, respectively. The subsc;ript zero marks
initia}. cohcentratioﬁs of reactants. 'I'he Valoe for’K-Mg was determined
from the slope of line a) in Figore 3 to be ('19'51.) uM. -

In the case of high cohcentratione of magnesium, e_valuatiori, is tenta-
tively based on a mechanism in which the second magnesium combines with
the Michaelis -Menten complex reacting like a noncom‘p'et‘itivev inhibitor.
f’his model 1is sijni_lai_r to the one which will be used for the inhibition by
‘spermine. The expression for the rate constant is given by fhe following
equation; | | |

ON K




The symbol K, refe_rs to the inhibi:tio_'n cthtant at high, magnesium concen-
‘tration. For evaluatlon ko kobs was plotted as the function of concentration
as shown in Figure 1, inset. With use of a value for k o, Obtained from the
' intercept 'of line a) in Figure 3, we have determined the value for K, from
the slope in Figure 1 to be 3 mM.' : |
We have further evidence for a specific interaction at high concen-
trations of nxagnesiinxi ‘ions from the following titration experiments. When
enzyme was titrate‘d with a solution containing ATP and I‘«‘lgClk2 in at 1:1 con-
centration ratio, fluorescence was quenched to approximately the same extent.
as for ATP alone (Figure 2a). When a solution of ehzyme plus ATP was
titrated w1th magnesium at concentrations in excess of ATP, the intensity
of the fluorescence was enhanced as the concentration of magnesium ‘increased,
untii, finally, the original level of fluorescence (before additioh of ATP)
was exceeded (Figur'e 2b). The control experiment where enzyme-TNS was
t1trated Wlth magnesmm up to 10 mM whlle ATP had been omltted from the
v solutlon, indicated that fluorescence enhancement was not due to a‘direct
interaction with the enzyme-"I'NS system. | | -
Flgure 2c presents the t1trat10n data in form of a linear plot
-(Eadle 1942), where the concentratlon of Mg ions has been corrected for
the amounts bound to ATP. The value- for the dlssociafion COnStant which
is supposed to descnbe the ‘binding of the second magneswm to the enzyme-
Mg.l\TP2 complex, is determined from the slope of the line to be 5 mM. ThlS
value is in fair agreement with the value determlned klnetlcal_ly § A
* Spermine. When spermine (3 mM) was added to a substrate mixture con-
taining I mM ln:xgncs_i',inn, formation of L-isoleucylvAMP was strongly.in_hvibitcd.:
We have mcasured' the rate constant of amino'acidjactivatio'n as a Iunction ’

‘of magnesium concentration at various fixed levels of spermine, as already
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described. The titration curves are preSented as linear plots in
Figure 3. I‘T_:. is" seen thatvspem;ine‘ irihibite_dvcat'alfsis via both
_ﬁai'azneters';_ first by déé"réasing the Ihaxiinwn‘veiOCity; and second by -
iﬁcreasing the Michaé_lis-Menten constant. We ha'\(e’fé'plotted the dif- .
ference between the observed maximm rate constant and the maximm rate
cbnstant in the absehCe of_ inhibitor as a function of speﬁhine concen-
trétiori vin_ Figure 43’..1." The plot follows a linear _rélétion', indicating

a 1:1 interaétion,whicﬁ-is vc':haxzact‘er'ized‘by the inhibition constant

K; = 0.22mM. It is seén' that catalysis as reflected by the maximm
rate constant, is not abolishéd at.iﬁfir.lite éoncénﬁration of spermine. .
We believe that this inhibition is induced by binding of spermine to an
enzyme effector site, similar és we have discussed for the second mag-
nesium ion. In vo'i'def t§ test this hypothesis, we titrated a mixture of
enzyme plizs__TNS. i-n.abs'encebvf. substrates and Mg2+ _i’ons, Figure 5. We
obtained a typical ti't.ration curvé associated with an‘_enhancement of
ﬂudrescence intensity. Control titration éf a solutionv containihg only
TNS indicated no significant chang‘e.. In a second cohtrol we titrated a
solution of 0.012 mM lysosyme and 27 yM TNS with up to 1 mM spermine |
without discovering any effect on the fluorescence properties. TNS i.s- )
known tb,interact with lysozyrne as indicated by a Strdhg enhancement of
the fluorescence intensity (Barel, Turneer, and Léonis, 1971; Holler,
unpublished results). We take this observation as eyidence that the titra-
tion of Ile~tRNA synthetase is not an artefact ca;jsed by direct interaction
witﬁ.' TNS. | o ‘

The dissociation constant fof binding of spermine was determined

from the slope of the linear plot, Figure's inset, to be (0 .,25”:0.03)‘ mM.




-This value is in'eXceiient'agreement'with[the yalﬁe’determined from the
| spermine dependence of:the‘maximum rate censtant,.Fignre 4a. Furthermore,
the intefaction of spermine does net interfere with binding of'L-isoleucine.
‘This is shown by t1trat10n of Ile tRNA synthetase w1th L-isoleucine in the
presence of 1. 7 mM spenmlne, Flgure 6. “The value for the dissociation
constant for L-1soleuc1ne‘as evaluated fron the slope is (9t1)'uM in agree-
ment with the value (5.8t0.8) wM reported recently (Holler; Bennett, and
Calvin, 1971) . Moreover, the maximum effect of"qnenching, 44%, is close
to (37t6)% when determmined in ebsence of the effector,. In contrast, the
‘ titration.eiperiments with ATP indicated that binding of spermine and ATP
was not independent, Figure 7. In”particulér, the foliewingrobservatibns
" were made: . | | | | |
1, Addition of ATP to the solution containing Ile-tRNA synthetase,
"TNS,'and spefndne was associated with fluorescence'quenching. The degree
bf quenching was dependent on cdncenttation of ATP in the form of a satura-
tion fﬁnction. The concentration necessary for saturatlon ‘'shifted to _
higher values as the concentratlon of spermine was 1ncreased 2. Maximum
' qnenchlng was dependent on the 1n1t1a1 level of spermlne concentration. -
ﬂThe maximum degree of quenchlng, as indicated at hlgh ATP con-
centratlon, was of the same size as the degree of fluorescence enhance-
ment originally obtalned upon addition of spermlne to the enzyme-TNS
mixture. o

A coupllng for spermlne and ATP 15 expected when, for 1nstance the
" formation of the "complex spernune ATP is con51dered
We have undertaken.measurements to determine whether 6r not-spermine_

binds to AIP'and'to evalnate the dissociation conStaht’of'the_ATP-spermine
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cnmplex; Wé have used the quorescence technlque to follow the btndlng
of N&z 1ons to- 8 hydroxyqulnollne 5- sulfonlc ac1d QSchachter, 1961) as a
function of the partltlon between ATP and the‘dyey_ Experlments.and
evaluation wete'proceSSed aS'descriBed for Figure 8 ‘.It is found that
spermine binds to ATP with a dissociation constant KI ATP = = 0.082 mM
The titration curves in Figure 7 are consistent with the fbrmatlon
of'sperminchTP; however, we have to assume that spérminé-ATP, when bound
to flé—tRNA Synthetase, does ngt induce a change of the fluoreécence inten-
sity. Thisbfoliows from the follcwing‘COnsideration: The titration curves
in Figura 7 return to the samc,level.of fiuorescénce intensity upon increasing
"concentrations of ATP as observed for the absence of ATP and spermine. We
have calculated the relative amount of spermine whicﬁ is’bound to ATP at a“
condition when this level of fluorescence has been attained using the fol-
lowing equation: v |
U-ATP) = 1/2[(0), + (TP, + K ppl
- 1/2 gu) ¢ (AP + K pppl? - 4(D) (ATP); 1/2
- The symbol I refers to spermine. We have calculated the f0110w1ng relative
amounts of ATP-bound spermine: a) (I-ATP)/(I), = 93% at (ATP)_ = 1.5 mM,
(I)o.= 0.415 mM, b) 91% at (_A.TP)o = 1.1 mM,.(I)o'='03248 mM, c) 99% at
(ATP) = 0.8 mM, (I), = 0.155 mM. We see that according to (ATP) - (1) *Kypp
- the concentration of ATP should in all cases be high enougnjto fcrm substantial
“amounts of enzyme-ATP complex. Formation of the complex should'nave been asso-
ciated with‘a further decrease of the fluorescence intensity (Holler, Bennett,
and Calvin, 1971). This is not observed in Eigure 7, indicating that spermine-
ATP must be campeting with ATP forvlle-tRNA synthatasé.and that spermine-ATP

does not induce a change in fluorescence intensity upon binding to the enzyme.




_11._ -
The kinetic data in Figure 1b vere also eyaluated on the basis of
competition hetween ‘It.laénesi‘um and spermin'e for ATP.. The values for the
| apparent Mlchaells Menten constants as measured upon varlatlon of the con-'
centration of magnesmm were replotted as a functlon of the concentratlon of
spennme and were evaluated‘ as descnbed in Figure 4bv.
| The value "‘forv the ihhibition_c’onstant ‘was found to be 0.15 mM, in fair
agreement with the ualue determined for the dissociatien. constant for
Spemine-ATP. | |
In conclusmn, we have shown that two molecules of .spermine can react
W1th the Mlchaells-Menten complex of the L- 1soleuc1ne activation reactlon
 One binds to an effector site, decreasing the maximum rate of cataly51s,
the other conlbining with ATP to fqnn an unpfoductive‘ spermine-ATP complex.
_ 'I_'he e_xpress‘ionl for the rate constant in the presence __ef spermine is then
given by »t‘he following equation: ’
| (me),-am), gt K,

s fx o« v Mo a2ty 1 [MD K]

Ile “ATP [KMg(1+KI ATP)+(Mg ol

2+

(5) kb

- for -(Mg'2+) Of,'l" mM

' The nature of the effector site. Binding of spermine to the effector

site is associat’ed with'_ an enhancement of fluorescence. Upon saturation,
the‘wavelength.for maxnnum emission is shifted to 432’nm ‘(excitation at
366 tm, spectra not cbrrected for in’strument properties) vComparison"
is made with the maxnna 443 nm for enzyme-TNS and 438 nm, ior enzyme -TNS -
substrate complexes (exc1tat10n at 340 nml |

We have observed that the maximm rate constant (at 1nf1n1te concen-
tration of magnesium) of the amino acid activationv reaction decreased when
spemune was b1nd1ng to the effector 51te of Ile tRNA synthetase. We

mterpret thlS by assummg that spermlne 1nduces a- confonnatlon change
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at the active site, rendering a less active enzyme. A slow proeéss
has been observed when a solution containing 6.4 mM spermine plus 43 uM

= '1Z'sec-“1): which is characterized as a fluorescence enhancement

INS was rapidiy mixed' in a Stopped—flow apparatus: with a solution con-
taining 0.15 M enzyme, 2.82 M L-isoleucine, 39.6 WM ATP, 43 M TNS,
and 20 mM EDTA (pH 8.0, 25°C) The same process was observed when

1.34 mM MgCl had been added instead of EDTA. The slowness of the process,

2
althbugh at saturation concentration of. ’spemine',‘.is in accord with the
suggestion that the effector induces a conformation change at the aetive
site, when the interconversion step is rate-limiting | S

It was of interest to test whether or not spermine and Mg ions
'compete for the same effector 51te In ‘a competition experiment where
an enzyme solutlon (0 19 uM enzyme, 12 WM INS, pH 8.0, 25°C) containing
2 mM MgCl2 was titrated with spermlne, a value for the apparent. dlssoc1at10n
constant was measured which was twice the value 112/:bsence of magnesmm
This flndlng» suggests that both 1or;s might compete for the same site.

Furthemore, titration of an enzyme solution containing 0.4 mM and 0.8 mM

spermine with a solution of MgCl2 indicated van. ihitial quenching of the

fluorescence. However, since effects from increasing ionic strength inter-

fere with the measurement, the problem eannot be defihitely solved at

present.

Discussion | |
Cole and Schimmel (197Q) have shown in a careful analysis that mag-
nesium interacts witﬁ ATP and pyrophbsphate and that only the rhonomagnesium

salts are the reactive species. Our resﬁlts sﬁppoft _their findings;. At

low concentration of 'Mg2+ ions (<1 mM) the rate of formation of cnzyme
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EBound'L—isoleucyl'adehyiéte depends sfrictly on ﬁﬁe concentfation of
AMgATpi; The réaﬁtion rate versus magnesium concéntrétion profilelfol;
lows the value 19 1M for a dissociation constant, in ggreement with the
Vglue 25 uM reported for the dissociation of MgATPz_; at 25°, 0.07 M j
tetrabutylammonium bromideu(Paet201d and Amoulohg,j1966); Presumably,
magneéiUm can combihe-with‘either free or enzyme bouﬁdvATP, but the pos -
sibility cannot be exéluded thaf'thé interaction with bound ATP is less
‘strong. This-alternétive cou1d exist becéuse the observed dissociation
- constant would reflect the strohgesf interaction between magnesium and
ATP, similar‘as it is found for unproduttive binding of substrateé
(Rupley, 1967). | B

The inhibitory effecf of high concentrations of Mg2+ ions (>1 mM)
has not been reported.» Under conditions of ATP¥[3?PJ?P exchange this
effect could be ﬁasked by fhe_extent of fdrmation of unreactive di-magnesium
pyrophgspﬁate which is reported to follow a dissociation conétahtilO-Z'M
.(Cbié and"SChimmel,,197Q); .We £buh&'that“under our conditions the variation
of ionic strength, neCéssérily associéted with variation of high conéen—‘
~tration of magnesium, caﬁnot'a¢count for the inhibition. Furthermore, we
have Qbserved that Mgz+ ions which bind at the level of the enzyme-ATP com-
plex follow a similar concentratioh dependence. Our resﬁlts from competi-
tion experiments with épermine indicate evidence that the site of inter-
action for the sécond magnesiﬁm ion might be ﬁlose or identical with that
for sperhine. | o

Sperminé intéracts via two routes with the Miéhaelis-Mbnten-complex
of the_amino acid attivation reaction, both being ihhibitory. One rdute

is binding to the effector site of the enzyme and the other route is the
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fonnation o'fb unreactive s'pe‘nnine-ATP._ Binding to the -enzyme' is as.sd'
ciated with a decreaé-e_ of the ma.x.imwn reaction _rate} Inhibition v_as a
function of th_e .effector concentration follows a value for an apparent disso- |
ciation---constant_: that is identical with the value determined from direct
titration Of Ile—tRNA synthetase'; 'Binding of soemine to the enzyme-
effector site p"'feswnably incluces a conformation change which .fesul.ts ’in_
a decfease’d catalytic ability of the active Site of the enzyme ~ The
enhancement of fluorescence assoc1ated with the b1nd1ng is in contrast
to the fluorescencc quenchlng assoc1ated w1th b1nd1ng of substrates and
inhibitors. The enhancement together with the blue-shiftof the maximum
wavelength of emission indicate that the environment of the reporter
group, TNS, has become more hydrophobic (McClure and Edelnan, 1966;v
Streyer,v 1965) when spermine was bound to the enzyme. ’Ihis finding is
in contraSt to the observation that fluo'rescenceb is ouenched when Ile- .
tRNA synthetase is titrated with L-isoleucine ATP, or pyfophosphate,
and yet the wavelength of maximum emission is shlfted to the blue but
to a smaller extent. It appears 11ke1y that the 11gands do not only
induce different, more llpOphlllC env1ronments , but-also promote 1ntet-
action between the fluorophor and a quencher'd'ifferently. We have found
that the relative clegree of L-isoleucine-induced quenching-is not changed
by binding of spermine. This observation indicates that the binding of
spermine has less, possibly a reverse, effe.ct on the ,interaction between.
TNS a.nd the quencher than for binding of. L-isoleucine. We alre., of course,
aware of alternative mechanisms. Further experimentc are underway for

elucidation of the mechanism. -




”'15“
The spermine~ihduCed‘cqnfbrmation_Change appareﬁt1Y’1eaves the

site for L-isoleucine intact. We have no efidencevas to what extent the
properties of the ATP—site are changed. We have shown (Flgure 8) that
_magne51um and spermlne compete with comparable aff1n1t1es for ATP.

Because of this property, binding of ATP and spermlhe to the enzyme are
coUpled reactions. As we have mentioned, there is'eome evidence’ from
the titration data 1n,F1gure 7 that spermlne—ATP is capable of b1nd1ng _
to the enzyme but that the ab111ty to 1nduce a change of the fluorescence
intensity is lost. As for the k1net1cs, we have shown that simple com-
petition betweenhmagheéium ané spermine may account for the fariation of
the.MiChaeliSﬂWenten constant atttaribus fixed concentratibne of spermine,
Figure 3 and Figute 4b.

- There is no evidence about the-locationvof the effector site which
might accommodate both spermine and magnesium; Ih this connection, it is
interesting that Steinmetz.Kayne and Cohn (1972) have reported recently
that 0.94 gram-atom ovan2+ and 0.77 gram-atom of Ca2+‘were bound per
'nnleCUle enZyme{ We ‘think that these cations might interact with the
| site.which\We have called “effector' site. | |
 In conclusion, we have found that ‘the capability of Ile-tRNA synthe-
tase to catalyze ATP-[32PJPPi exchange is lost_in the presence of spermine
because thebeffector binds to the enZyme and to ATP (and presumably to
' PPi) to leave a 1es$'reactive ehzymevand an_unreactive spermine-ATP.
we*find that enzyme bound L-isoleucyl adenylate is not accumulated when |
magne51um is substltuted by spermine. The fact that the overall reaction,
that 1s, the 5pec1f1c amlnoacylatlon of tRNA is stjll catalyzed by the
enzyme leaves the questlon Open ot whether only. the accumulatlon of the -

1ntermed1ate 1s av01ded (its generatlon could be rate 11m1t1ng) or whether

cataly51s-follows a completely'd1fferent,pathway.

' . T
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* FIGURE LEGENDS

.Figure 1: Formation of Ile- tRNA synthetase-L- 1soleucy1'\'AMP complex at

pli 8.0, . v25°C . The rate constant is measured as a function of the concen-
tration of magnesmm ions. - At concentrations above 1 mM, cataly51s is
mhiblted Data in the inset are plotted according to equation k k obs
k (Mg ) / [K (Mg ) ] for concentrations higher tha.n 1 mM. The value
k0 1.2 sec had been determined from the intercept for line a) in )
Figure 3 Imtial concentrations were 0.05 uM to 0.15 M Ile-tRNA synthe-
tase, 43 MU'PVS 0 88 uM L 1soleuc1ne 11 uM<ATP O 05 M Tris-HC1, and

‘0 01 M 2~mercaptoethanol

Figl’lre: 2: 'Fiuorim.etric t‘itrationy of Ile-tRNA synthetase-ATP complex with
Mg2+ ions at pH 8, 25°C. a) Fluorescence quenchlng upon titration w1th |
ATP (o) and ATP pl_us,'l‘/l’gCl2 1:1) (o). In1t1a1 concentrations were 0. 35 M
renzyme;e.nd 8 uM TNS | Eﬁccitat'ion wavelength 366 nm, slit 8 nm, emission wave-
len,gth 470_nin, elit 10 nm, .plL.lS emission cut-off filter 430 nm. b) Fluores-
: cence: enhancement upon titration with MgCl2 at a fixed (2.2 mM) concentra-
tion of ATP. _'I'he broken line indicates fluorescence intensity before ‘addi -
tion of ATP. Initial concentrations were 1 uM emﬁe and 5 uM TNS. -

c) Data from b) are replotted according to the method by Eadie (1942) ,
assuming that fluorescence enhancement is assoc1ated with the binding of

a second Ng 1on, The dunensmn of the absc1ssa is mM The term (ATP)

1s added in order to correct for the amount of magnesmm bound to ATP:
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Figure 3' In}ubition of the L- 1soleuc1ne act1Vat10n reaction by spermme :

at 25°C pH 8 O Linearized plots (Eadie 19421 for k obs as detemined
from stoppedvflow experments as function of concentration of Mg2+ ions
at _Vai'ious fixed concentrations of "sperm"ine. | l_Initial concentrations were
0.075 1M Ile-tRNA synthetase, 43 uM NS, 0.88 M L-isoleucine, 11 uM ATP,
a) zero, b) 0.1 mM, c) 0.316 mM, d) 0.645 mM, and .e’) 1.45 mM spermine.

: Splutions gOntéined 0.05 M Tris-HCl buffer énd 001 M Z-meréaptoethéﬁol.

| Concentration of MgCiZ was varied between 0.01 mM and 1 mM. Excitation

wavelength 290 mm, slit 2 mm, emission cut-off filter, Corning #373.

Figure 4: Evaluation'of the data in Figure 3. a) Linear plot for inhibi-
tion at saturating concentration of Mg ions. 'Ihé lines in Figure 3
1nterse;t with the k obs -axis at various values k and k in presence and
absence of Spehniné, respectively. The difference k o,-ko is plotted as
function of the toncehtration of sp-ermine The linéar arrangement is
con51stent with a saturation function for spermine binding to the
hhchaelis-Menten complex The inhibition constant KI is c_letermined

from the slope. Note that saturation is not associat’ed with éomplete '

- loss of activity b) The Michaelis-Menten constant K\,1 (app) for mag-

' ne51um is plotted as function of the concentration of spermine We have

assumed that Mg ions and spermine compete for ATP. The theoretical

relation is"given by the expression KMg(app)_ = ]S\)Ig 1+ (,_sf:enn’ine)o/KI\' atpl -

The value for the inhibition constant Kiame I8 determined from the slope

using a value KMg = 25 ).1M (Paetzold and Ambnlong? 1966)__;
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Figufe‘s Blndlng of Spermlne to Ile- tRNA synthetase at pH 8.0, 25°C
'T1trat10n is assoc1ated w1th an enhancement of fluorescence 1nten51ty.
 The dissociation constant for the formatlon of enzyme spermlne was
determined from the slope of the line in the inset. The maximum enhance-
ment of fluorescence'intensity'corresponds to 37% Of tne initial.fluores-
cence intensity‘(corrected fof background) . Initiel‘concentratlons were
0.18 M eniyme, 10 wM TNS, 0.05M Tris-HCl buffer, and 0.01.M.2-mefcapto-
- ethénol.' Excitatiqn wavelength 366 nm, slit 8 nm;vemission wavelength -

470 mm, slit 10 nmm, emission cut-off filter 430 nm.

Figure 6: Binding:of L-isoleucine to Ile-tRNA synthetaseeépermine com-
plex at pH 8.0, 25°C. Titration is associated with qnenching of fluores-
cence intensity a$ aescriﬁed (Heller,'Bennett, and Calvin, 1971); .Inltlal
'conéentratiqns were 0.14 1M enzyme, 10 M TNS,'1.7”mM spermine, 10.2 uM
to 2.6 mM L-isoleucine,tOQOS M Tris-HC1 buffer and Q;Ol M Z-mercapto;.
ethanolq ‘Excitatlon wavelength 366 nm, slit 8 nm, emission wavelength

470 nm, slit 10 nm, plus cut-off filter 430 nm.

Figure 7: Titratien of a niXture of Ile-tRNA synthetase plus spermine
~ with ATP. Concentration of spermine was a) 0.415_mM;‘b) 0.248 M, and
c) 0.155 mM. Initlal.coneentrations'were 0.19 yM enzyme, 12 M TNS,

0 05 M Tfis-HCl buffer,’and 0v01 M Z-mercaptoethanol' ‘Excitation wave-
_length 366 nm, slit 10 nm, em1551on 470 nm, Sllt 10 nm. Broken lines

indicate the orlolnal levels of fluorescence for Ile- tRNA synthetase -INS

- complex.
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Figure 8; Detennination"of the dissociation:‘_cons,tant o'f S}germine.—ATP,
K ~A’I'P’ at pH 8. O 25° C * An average value for the dlssoc1at10n constant
I ATp Was determlned from the slopes for the two sets of data in b)
accordlng to the relatlon KI ATP = = [- 510pe] 1+ (ATP) /KMg ATP(app)]
" The value for KMg ATP(app) ‘has been determlned accordlng to KMg -ATP (app)
~ -slope from the linear plot a) as function of ATP concentration. - The
procedure is Val1d for ‘conditions when (spemme) >>(ATP) >(Mg ) <<KMg ATP
and (8 hydroxyqumolme 5- sulfonate) >> (Mg ) a) A mixture of dye plus
MgCl, was titrated w1th-ATP. In1t1al concentrations were 1.53 mM
8!hydroxyquin011ne-stulfonate, 2.5 ul“le'gClz, and‘0.0lQ mM to 0.19 mM ATP.
b) A mixture of dye, MgCl, and ATP was titrated with spermine. Initial
~ concentrations were 1.53 mM _8-hydr‘oxyquinoline-s-su_lfonat_e'; 2.5 M MgCl,,
57.2 yM ATP and .41 uM to 0.8 mM spermine Excitation wavelength was
- 390 rm (sl1t 8 nm), emission wavelength 520 nm (sllt 10 nm) plus 430 nm

cut-off filter in the emission path

*The fluorescence intensity of 8-hydroxyquinoline-5-sulfonate was meaéured

as a function of various concentrations of ATP (a) and of spermine (b).
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor

any of their contractors, subcontractors, or their employees, makes

any warranty, express or implied, or assumes any legal liability or
responsibility ‘for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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