


l 

• 



• 

• 



116 

• 

,,,;J i in1t • 
l 

• 

• 



1 • 

• 

• 

C 0 1:1 " ~iHI ioiH: Q p ci liO li ' ' 
ttl€7 <})( t: I' l.on !(J06 %' ;!,i; 0 -il 

u u \. 

:r<a c: Q. t i Ol& II! tr€:~0f~;i!J l • 

• 



118 

' ' -- -----~ --

eo 

2 

70 

60 

3 

50 .., 
Q 4 

X 40 

..!!I-
C> 30 g 

5 

TIME-MIN. 

• 
( 

.l. • 5 X 1o·2 Ell f· 2 X 10 .. ;;; J!il ;. l X M , X 10-:s ~ ,. l X 1o·:S lil. 



119 

.u 

• 

l • 



120 

• 

• 

• 

• 
• • 

l. 



l. 

2'. ,. 
A. 

l 1•11. to"•'~" •ltl:a dtur !1..-

( 5 ~ J , l!!dtl'le adl (' s 1·•""'' 
'' :~~ 1~·~ au. tctfd V(ll-. J.o.-1 ... 

trl!\1. l•~~tlo~:~a II! 6 6 w•r• ete!#P~4 at 5 

• 

• 
~lu 

d!i!•&t.t!\lt~t.tlile u1ct. ... 
~ ,._'' ,;•,'v',•'-oj 

'hlo~;;Urio a~i-d. --+ Oilii*Mwllitio nc - -
oil!l~~i.>e!ilnit aoid --+ i~ooUrlc !j,Q - -
i!ll!l• - 1c ao --+ c i'l (IQ ! 0 ·I 

i£!At'dtl"*irt f!Jctft i_ il - ,;-~4+-l"'i£9 n:r~;i#i: 



• l9. 

hi "-!i><llli 

CIS-ACONITIC 
ACID 

Hre 

• il. 

<~xp.:;:r illl<imtal 1 1) ll!l@f'l'f 

CITRIC ACID 

1i 
I I 
II 
I I 

I: 
II 
I I 
II 
II s: :I 
II 

'• I 1 
II 
I I 
II 
II 
I I 
I I :v 

ISOCITRIC ACID 

the 

til, ;Iii in 

l22 

• 
t1g. • 



1 

1 

' 
• 

pht.iS~ 
• 

u 

• 



IS:' 
::!: 
0 ISO " ... 
!< ... 
Q 

" .. ,_ 
" J, 
0100 

~ 
a: 
f2 
w 
~ 
a: so .... 
§ 

• 

e t-•"" -

0 

• 

.10 .. 2 lU • 

10 20 

TIME-MIN. 
30 

'HI sh' 

c;,l,l • 
( 1·i 

n, 3 

• 

124 

40 

l ' 1·8 



lZ5 

• 

ll 6 • 

c illl~&CQI:ll t 1c <Hl -
• t 

ln t 

• 



t 

l -. 

• 
d-



1 

0 buffer ( 'I• 7 l , S ~ • o t !MJ \»>'l L" '"" "' 

·2 < • S .6 X lO ~ iJ 1 taC 4•6 x :a.o·3 lil! 

• 

c1t:r ll!.eid 

booit:r !e add -

•• 

i{!ti<JOtiO!l :r~:ttO 
CAt/mid. :~Jt 1o>1 

15 
45 

<:20. ) 



• if 

• 

• 



• 

• l • 

I !i<l:l 

{um<&r ~c \' 
• • J • 

kC 

• 

• 
( t l 



( 

t; .cit:c~tc 
I 

• 

• 

• 

• 

1.)0 

( • 

• 

• 



ib • 
• 

• 

• 



132 

j 

l, 



• 

• 

i 

• 
i 

tntr l ,~r t:r lAilJ in it • 
r c.c th<ll 

CJ(J' .h1odta a(; -
dth til~ IHl 



ci 

• 

&C • 



1}5 

• lt 

• 

Ulll. 1t 

• 

• t 



• 



"l!S :UUUiHZIIU~ of &CCNI:l.'s&.i:ll£ 

¥9' ? kUCIROCll!aiO t,ClJ,} 



137 

'lli!ii l!HiU:ll.:'IC;i'l of •CtJIU'.l>~.i !If in,tl(iNOCJ:l!R!2. 

,;,(H,l) 

!U'"111 ,ll$0~11>~4. u 

f!uoroac~<Uc tAO 

tl.OTO<J 

a me<.:~tl,ni<ll!i Q 

• fhat 

• 

1 

-
\lf f.L;(U'Ocitr'ic !llOid 

brht ~~nuon ~Jf 

It io frel!i th~ !~tt~r ~c 

itl 

I J. 



( i 

~:n:H>e'ilt itUitl 

of ttO 

illtl'<)~ 

JJl .;;.'lr,;:ol.wtl";;,lilz;. 

;";h~beoq 1!1: ?<Jtl\ll'lll ( round 

) 

llil1 

QOt 

bitor. 

ta~d the ln - vitro 

0111 ot 

"''-''"Y'<It"'J.¥ $0C\'Iw:lt 

lt llii!O;f$ al!!'C 



ilt3£U.IItll' ac aot i<:~rl 1\!1:1111~ ta 

OX&i. jj i!J ~~ ' the • 
fl~<vt~otr .ll:llll t~r tlH~ 

l tor 

• 

ich 

I • 

lilt <>l• I --
t ot 

t'!! lilt t~l. I j aml - -
pr 1 ill 



tri 

.... 
J:klll)TO~t''* ~ i\\1 o!> Uj t<<;; Uv ahd c Ot:l.U<l<l'! 

to form tt t 

b.Y tb.i:¥ wor.~t 

Wll!. tht>t itl ViVO --

( 

• 



t 

• 

t 

il:liUd. 

} cono 

' 

141 

• ' 



to 

• 

( 



<>tl01li 

2+ 
• in t 

143 

• 



} 

15 

4 • thA'I 

l • 

' r• ••• llttl• or no 



145 

• 

i • 

• 

• 

• 

• 



~ 
·::~; 

0 ,_-,., 
N 

i< 160 
~ 

Q 

• 
.. 1-

9 
'=-" 120 
0 
liJ 
:::;; 
ct: 
0 u. 
liJ so 
~ ..., 
z 
§ 
I 40 

\!! 
u 

0 2 

Ofll:t!li1llli, lUU'"Ii.l 

I pH 1•1} :for 15 

3· p:;f'(i'i.to~~ 

)• 

0.25 ~Qllll 
t:it:rio uwid 

i<:m ~ itll 
il!!O .. -

3 4 5 

TIME-MIN. 

• 

·-----~---'" 

2 

3 

4 

5 

ik 
~i 

• 

~>ph.&te • 5 PI• ~;~:f 

bJ b'«~ 2+ dll 

bu:.l'fllll' 

on wii 0·5 A 
illlooi tr .i.e «o -

• 



• 

thut 

• 
l!:!l''l1iliUGll ot aen:m1 ta•ll l:lif :t'J.uoroo!trt<i tH:iid w 1th 

lll'<ii~ it!Ot\b;'l,ti,Oll 

t hl •-1nc 

h tr 

oi· • • 

• 

sdd 

in tlle • • 

it o:r 

141 



fi 

I 

oOil(llil~ttraUon 

! X 10•5 lil) 

, pg. 

Dl t~!e¥ 

• 

~· 

•• 



149 

i 

• 

int, 

• 

t 

tr 

• 



-;;:-
:I 
~ISO 

li 
"'Q 

" .. ,_ 
§ 

'::.;oo 
0 
w 

~ 
~ 
w 
let 
!::so z 

~ 
I 

oJ) 

.......... __ .... 
...... ---K 

.......... ...._. 
........ >----,. ---

iJ --~ -~----~: ...... ~---~---~---~---~---.. ·-- -­.... . ..... --
0 

au id • 5 )01• 

'/Jf t'e t!+ 

of o .v) l'ii 

!!!Qi trio 

2 3 4 5 • 

TIME-MIN. 

•••••• 

7 • • 

~ub 

• 1n tile 

• 

150 

2 

3 

4 

10 



Ir;.hib<Uon IJf o(;lonlhl>~> bl Z'1<~£~r-ouH~i~:~ nutd "ithO§\ 

;.-..>r.,.~ ... -,..1 .. n,..;;;..,.\l..,b..,o..,t .. to;;.n;;;. 

oiJil'l<iltl11r"J>taon """''·' th& 

ltr 1' ** l:ilt! 9 

I 

151 

intli!Jiti<Jfl Of ~,canltC<;!!.~ b3 t':i.!I.UX'OGitt<i¢ ~E<1:lid 
I 1 I t * 



9 

l'he :~fflllot of <'rlll• in~,I:J~ft1ot~ *of £(1iiill1tMl~ Iii itb 0.j!n~h~Uo 

k'lct:.Jf'OI:litr1o ''"'ll <:w tb•-' Inl:l.1b1Ui:in (If fih\il kfl.~t<~U~ill 

( 5 pg. 
l'!i!~ ... 

tl~~WrouUrh ~<I 

batt~r ( 

1Ud1o .. t<i!4 l!il!;0 

in Ubl r~al\lt:l.On "'"''"'"' 

fiii<Al <!ili&jfllll! 

ll<d:f~~:<r ~d 

llii!11•P~il'ill:l'illf'!i! 2!
0

) 

!!'ali! not 

ion ~'.sr<lr 

f,.~~te ( LlE /l'llith X 
conoe ntratlca 
l,~olu/5 wl. l eontrol it. 

i!n• 1 nc, ~lti:i< ti!:u't 

2 2.5 8 

it4 8 

16 32 15 
56 15 

~Q 
11111 

gr11> 1nul1~ii>UC.I:l 

2 10 

25 11 

1G 32 
}4. .so 

• 

) 

cdb!ii'! iu 

\Jfut, 5 Jl&• 

tll tl) 

Inhi GJ:I 
( 

65 
66 

53 

;o 
56 
16 
12 

• 



to 

• 

• 

l.Ofii&J' 

l!O t ~ <!Xpl~lllll!\'l 



8 

7 

6 

5 

I -v· 
4 

3~------------r-
2 

0 2 

I• 2)• 

illloroa! trlc 

v .. 

6 8 10 12 14 

• J1: lO 

154 



f?r~­
inu 
Umf.! 
( . ) 

0 

lQ 

20 

50 

42 

)1 

24 

p:r~- ill!lUblltt!on ~?:;;u·~ 

pre-1nc 

• 

{L1E /rll!n. 3t 10:;) 

H .cit • Hih!b1~ 
t 

22 56 
11 59 
.u 61 

8 67 

16 p!lll!~l! 

19 54 

57 31 
42 ~a 

2) 

155 



th~ ~~~F~ ~i flwJrocitrio not ~lgnltic~tll 

affi!Hilt Ute 1~:th11iiit .:: ,FlOllliliEl of i~Jco itr lc a!!l 

ot 

'Iii ith te )il!:!C l'i'Uii • 
bi • 

• 



~ 
:IE 
~ISO 
N 

!< ... 
Q 

" .. ,_ 
9 
=ioo 
0 w 
~ a: 
It 
w 
let §50 
<( 
I 

IJ) 

iJ 

0 

iii• .:4. 
tluoru!ilitr 

II!' 1th ~iii ltr~¥ "onu ;t~'!'l 

'lil!ITiil i>c\1!' 1 

o • <>ontrol 

2 3 

TIME-MIN. 

i~ ttg • .:}• c~c 

W~\1!' .:.4 X 10•? ~. 

4 5 

l'!liliOtie.ll:i 

c:.oll!l i Uo:u1 

l5 ;t~oln ~~;gvi tr lc <Ji;l 

• • \lorog! tr .I.C!i oc 
) 

I ill t~;t£•t Q r rlllliiction 

... = vo£Jt:rol 

x • .tl~:<oroci llrio lliO 

,,,rr 0\1!'1! 

i! ar'l'H! 

I 
) 

2 ~!!!Olli!e .I.U{.l.i trio -
st~J>rt thlll .. ""·"·"' 01:1' 

;.u••vJ •• j ~ o! i~O~Ji 

t 
Iii (! <!gl'f!llli 

-

157 

.. 



158 

i'ln\\'il'i!!-tl of '!1"' l~i~Hillllt of ~l$(1lll.t~e p !J,\to.tocitrio 

ttoi!i -

.. • <::5 

• 

ie 



'=" ::; 

~ 300 

~ ... 
Q 

" .SI-

"' g 
\:;/ 
Q200 
w 

~ 
f2 
w 
~ 
'"" z 100 

~ 
I 

I/) 

iJ 

2 

159 

r 

3 4 s 6 7 8 9 

TIME-MIN . 

• • . : 



200 

t;;' 
:l 
0 
~ 
~ 

"' Q 
>< ISO 

.!!l-

1 
s 
~ 
£2100 

ILl 
!;t 

''"' z 

~ 
I so 

t/) 

u 

160 

0 2 3 4 s 6 

TIME -MIN. 

<5· 
• • fl.~Aoro~ 1 tr 

• 



-'i 

11i!ltlJI 4 •4 X 10'"4 £;\ 

( I in 

um~ocHUc ueU llill>\11 16 :11 lo•4 llll,. 

- [1) X iin - • 
"P .. "-

lc {;k\;t. 

d·4 X 1o·6 ill. 

-6 

161 

1 

• 



162 

to 

to 1. 

to J. • 

• 

B:r 'illi!ii.OI tattt®d 

in!t 

•;:lp<'l:r 1~11 ~ with ti:t<'~ it 

wu& t~t th1~ WI!. Iii Iilli! • 
)•<' ll. in-5 

'" a 

• 



• 27 H! w<l!tl'£.ttU 

h¥ 1.6 .x .Lo·4 lll 

to 

ll!.i5lU ha4 

pre par~.u ~Qt 

'i'?fiTIJ! !:l 

S•<: ~< 10·5 llll. 

• 

• 



c 
0 

:;:; 

"' 300 Control E 
'-.e 
!l ... .... ·c: +100fLg 0 
0 Fluorocitrate " ~ 200 l} 

~ (0%) 
0 
;;1; ..., 
" 

$2 100 X 

-1-
en 

.2 

8 9 10 
Time (min) 

• 



111 Vis 

1 • • 

illt iUVlih 

10 ( 161). iH' 

8.7 x lo·5 M· 

j Uvi 



v 
I) 

.L v 

= 
lit 

0 

lO,J:• 

ieOilcC 1'01 • 

2 
I s 

iWl t 

3 4 

I • 

Pi'!~l!~!tll:lltl of 0.05 M 

1·11 ~~ing 5 pg. tlMI 

I oft 1;1<110• X 10 .. t.taroy l.o «0 !) • .: X 

166 

• 



li>l'.l(ltl 

irr<tverdbl!!>, 

~eoni 

"'eter<> 

'WO 

iV!ii 

rel 

it l!ii!'Tiil 

r t ~,.,~~ 

, "-illl!tacce. 'l:not ~<~i<~W 

lti j, 

<I' ll&il! \! OIULt II t liln t 113 

( COII;!IIi.Ul i<ltl) 

dltr aa eae not 1 

citrle ~~ci& t:-h~ 

illliHll:l:'(ll:l.~ 

"as 

\1!/!U!! 

j'i,J!f t!'llil 

thilll \ii:fferenolil 

l~;~n of 

• 

ull~l&~:~i l,)i uoro-

tion ~<!lie liL <Jar<lntlJi 



- ... > tr 

' 

IiljA 

iaoultr -

168 

• 

• 



il:ffeGt I!Jf fl~AQ:rooltrio :v~id Ot> a erude Pl'lllillilrll>tion ot 

~ooolil it<>~>'il 

• 

i\l.!ilt iOtl l>i~~ io f1 !!Qf'QO 1 tl" <>t~i4 not on 

• but li'l.i!O l'U. i!Ci!M!i la~ .. t 

(I \!11 thl> i"lliil,tii.U'!!l tr • ~ 

• 

169 



• 
to 

( l9l)l. dth 

6 1rll1ibUQ!: Pl'tii-11l¢;Ub!!>t:I.Oil 

t Z>n. ttl.;; a or 1un1 b 1 t 

• Wblltl tli!ll ie not 

dth i:bo 

h'll u~hi \IH1on b<ll t~llt~fl 

tbll ~otiv11 cllnirll!ts of 

bi tloo th 

of 2: •4 .lt. lo·5 1{ 

170 

• 



• !t 
h' 
JT$ifl!ll'~ i l:ll~ 

• 

i 

ill 1 

• 

O!l1!1H.~ toll¥ 

tiOD !II:!!<~ 

• 

171 



0/IIU!I 

t 

.2 = 

• 

~EI' 

• 

' • 

172 



173 

• 

1 t 

i bi • 1)1' 

• 
If 

• it 

t 



0 1111' 

mU't\1• ill! till\'\ di:tf111l'llfl011! 

.lUI it 

in ( 

in I•. 
it,tl'.llet ;.dl 

~~ 

l!ll tieli\,r.Jt 

1fJh 

in ViVO. <iO - -

• 

• 

i U;;~n 

th&tt 

r to 

Cal. \iii! ill! ~ ¥4CC 

174 

in Vi'VG tiUV!h ill; - -
ll!lii I!! f1 UOI'O!:icO'iit ao • 

e:r tamo;tn c" ~ t:rie 11!0 

of l.litrl<~ lj!.(l in 



175 

• 



176 

• 

• 



Ucl;;;ilif• 

;,~or\.!citr1u ac 

"""''''"llJ aot 

In thm $~p~rt•en•• w1 

:hl 

• 

• 

177 

• 
• 

• 

• 

it 



178 

t 

t 

• 

• 
1 

t 

• 



1· 

t.l.i.t<lt'Otli t:r 

"'""' """" iliH:llill!l!' (I!! l 

t 

179 

• 

to 



VI 



180 

tor 



181 

• 

de 

1, 

in t 



182 

Inlli bit! on ot ,,QQnitl!b<Hll. b£ !:l•Chlo:rqmer" {lJ:' lb~n"'"~1Uh 

li~V•U'fij,I,J. oi' the Inhibi':.t<:m Ill ~}"t'!Hilifllh 
I 8< • - ~ d 

i!H!l4 ;;; 

16.7 X 

• 

• 

j t:ri 

19 



183 

ot v:-:J 

• 

• 



( 

l. 

• 
• 

lp.g. v it rio "'ll 
f>:mned/15 • i 

l• 

• 

u. 
'HUil 4 :If 10"'4 

IIUI.l!!!t:rlAtll 

Ibitor J 



400 

~300 
!2 
0 

~200 

~ 
\!) 
~100 

TIME- MIN. 

1 t !Oil 

1 

t)tl of 

35 

ot (;' 

were !Af/J i 

Tll\11" i• 



t 

ill X 

I'J]i; C I'IIUl 

~~ 1on 

"all !'ill illlil l Vl!l<l i>i:l '111 'II' :~At 

tn~tr~ with 

rlrl with 

t iftl!l i:iO~iiHI 1oo 

OV!i!t'CCA!l' the 

p;rol$ll!IA 

• 

~~~e~t~rb:io ~tlil 

0 

• £ ~ chloro~t~ilrc"r 1 oo Uf<.vilt te 

<tl:l&.¥1!10 Wit$ 

tor. 

• 

( 

llcl.l fl~;>i'l 11!!01""' iiil!llllil i U Vlll th!l 

t1on at • \111th 

inhibitor. 

ion or tn• 

t 

l8E 



187 

of 

t 



280 

240 

s 
~200 
u.. 

~ 160 

u 120 

Sao 
g 

40 

5 10 IS 20 25 
TIME-MIN. 

~~~hlor~~arG~rl~~~~o~tG; !H'lil't l't!V<IIr!il~l tll" 

blf 6}/ <>til! lt!<:t 

ll.. t 

1nll1bitton ·~ 

"'n 1!1 lit II in 

ll~UJ ifi{)ti "ft>t1!'1 1¥1t ll 11'~2:+ 

U!ilt!l) l)t! 
t 

~tl!l -~Iii 10-~ •• 

188 



!:!• '':I:M>I!I.,~throlln"' 

of eoUTati~l:h 

l.,fat~14~ a~>d -.dlfle 

r$~otlon~ ~18·6~ocltio -

I ) . 

1;1@01'1 

10 ·! ill Cif*"~uoe. Wall! 



:&Higl'llil:r C!lU'II:H'I!lliriii;tione ""ill 

o,,,.' t 
~u~ 

190 

• 



2+ 

(Ill '-' • 

! b I 1>rt1 i 

--Pti! ""' <lfJ«i:!l11 1:1 t-1) 

ib:t t 

I 

j'il'llil!i 

191 



192 

+ 

+ 

i 

.It 

for 
. 1{! :I!+ 

lhith ,Q 

hi 



193 

Ill 

• 

t 
' 



re2• to 1W11 bit lT>(;oll 

Z• 
t~ Ftll 

!\\till 

!+ 

• 

194 

• 

• 

• 



195 

IZ~i tn.t H 
2+ o.r tb~ ~~ • 

• t 

, "'ll!uorbic &c 

li"' !<ill 

it 



19 

liil''~li t:i$ 

lorming "' ,,.2+ 

l:Ji 

1o:r to 

• 



197 

8 K l ~ H ~ I C E S 

1zo. 67. 

•l'"&I:Hi•liiQC•biO.l.. 6;! • 5'52• 

Mrnhd•• 1. I 

!Ali! oil. ;r. r.. I ' ' . ./'( ... 
n. 

Po 6 let•••• B.A. ( 

101· 

• B* I 

) . ;:~. 
il'l. fi .':> 

( 

• l!· 
I • 

• J. :al· 161. 

• 
I. 

• 

&:2fti 262. 

;J • • • 
180 -· • 

1!:llo uo. • -
( I • 

. ., . ~~ . 
• 
• 

• 18tJ. -



I!Uil• l'l• 6 ldUI;lr, a.":;. ( 

ll'rudriok.~h'llllllka, ~'• " """'""'" 

~i::{. 

lo"l• 

198 

.;; • ~. 578 • 

• 1!1. • 
J • L1"ilili:llglhArllh ~· 43• 

c. ll95ll. :t.!il!ittur:fon~~th!UII 

§.b. g96· 

n.,,. U95:SI• 

1¢'-'!iii\[TJIUfiiJ • p~li 674 • 

• o:rt. 

;!, 

i~&ll• Ai !1"0 

121· 652· 
.r!lll'lih ~~~~~>. biol. 

ill• 1U. 

biol. w. • 

• ;;. ( ) 

biol. 22, • -
• 



200 

) . 
!iO<lMllh J • 2!• • 

"'""'''""" .§l. 41· 

• i 511· Li@bil• ~nn • 

• 61, 25U • -
iilirti!<.tn:! eon. J. t l. • 1· .;e.. 

hu~. c. ( '51 j. ""'*' • • ill· • 
111::!1. c. ( ·q J.., ; . t, 1ol.Cl:l.l!;!l<. <4 m_. • 
i l.41$. c. il949l. S.ll'lbii~·A!Uh ,2§!. 227· 

1 !Ali!. ~. 4 c:.Q • w. Li.9}1l· .~htt.n~. "'a6. I. 

!wa, c. "' "· ( I • z • • 2zs. 
• 

( • 

• J. 2!· • 

• 
• l.. ( 19 )l j. 

' l • 



• i 

m . .s47· 

• J.U. l:Jl· 
I 

1., lt•ra, J.H. A 

I• ur~. • 162. • -
51 ~o ~.,.,ur •• I.t>nll. l6z, 69; • 

• ll. ·• I 

liiOD, '.!? .. H. I 

• !!· 

201 

• 

• ~,xl.U. 

• 1o. .ss;. -



•" • I 

l • 

) . 

'j . " . 
. 1u. -'35· 

unll1>h• j;, Hl• 

202 

J .biol. • l96. 1}1· 

• \lll !)'.r<lll\111! f 

J. b1al. l"O lj'tl • y' • J..,., • -
~. 4077· 

c.<.h.,,'!!1V.L• ll• l9ltf. 

• • 




