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Potent iometr i c  pH-Sta t  Titration:  Impor tance  of 
Us ing  Alkali  Ti trant  

The use of e lec t rochemical  m e t h o d s  ~ for the  assay of 
enzymes  necess i ta tes  t h e  e l iminat ion  of any  non-specif ic  
fac tors  which  could mod i fy  the  ra te  a t  which  t i t r a n t  is 
a d d e d  to  t he  reac t ion  vessel. A n y  such effect  could lead 
to an er roneous  i n t e rp re t a t i on  of expe r imen ta l  results,  or 
give a p p a r e n t l y  abnorma l ly  high enzyme  levels leading 
to  false conclusions.  The  la t t e r  m i g h t  be of impor t ance  
in clinical or forensic s tudies ,  as in t he  de t e rmina t i on  of 
ace ty lchol ines te rase  levels in cases of suspec ted  organo-  
phospho rus  poisoning 2. 

Dur ing  a s t u d y  of t he  levels of chol ines terases  in the  
av ian  supra-orb i ta l  g land using a p H - s t a t  con t inuous  
po t en t i ome t r i c  t e c h n i q u e L  u n e x p e c t e d l y  h igh  and  var i -  
able resul ts  were  ob t a ined  even  when  correc t ions  were  
appl ied  for the  non-specif ic  l ibera t ion  of acid from the  
t issue homogena te4 ;  the  error  was  found to be due to the  
up t ake  of acidic subs tances  f rom the  air. The evidence 
for t he  ex is tence  of th is  error,  and  a m e t h o d  of e l iminat ing  
i t  are r epo r t ed  below. 

All e x p e r i m e n t s  were  carr ied ou t  using a R a d i o m e t e r  
TTT 1 t i t ra to r ,  an S B R  2 recorder ,  and  an a u t o b u r e t t e  
equ ipped  wi th  a G2222C glass e lec t rode  and  a K4112 
calomel  reference e lec t rode;  t i t r a t ions  were carried ou t  
a t  37 °C in t h e r m o s t a t t e d  vessels equ ipped  wi th  magne t ic  
s t i r rers .  

I f  t he  air  is a source of ex t r aneous  acidic subs tances  
t h e n  a slow con t inuous  add i t ion  of alkali will occur when  
wa te r  alone is exposed  to  air in a reac t ion  vessel, and  the  
effect  should  be  cons iderab ly  grea te r  w i th  mechan ica l  
ag i t a t ion  of t he  water .  This  has  been  p roved  to  be the  
case;  s lope A in F igure  1 shows the  t i t r a t i o n  of 3 ml 
deionized-dis t i l led water ,  ag i t a ted  in an air-filled reac t ion  
vessel, wi th  1.10-3N N a O H  a t  p H  7.4. A slow con t inuous  
u p t a k e  of acidic subs tances  f rom the  air occurred  equiva-  
l en t  to  0.720 / ,moles N a O H / h .  Accord ing  to  t he  
HENDERSON-HASSELBACH re la t ionship ,  t he  ra te  of such 
up t ake  should  be  p H - d e p e n d a n t  ; Figure  2 shows t h a t  the  
ra te  of up t ake  increases  wi th  a decrease  in [H+];  the  
equ iva l en t  values  in #moles  N a O H / h  added  were 1.25 
a t  p H  7.5, 1.70 a t  p H  8.0 and  2.05 at  p H  8.5. 

F u r t h e r  ev idence  t h a t  u p t a k e  of acidic subs t ances  f rom 
the  air occurs  was p rov ided  b y  t h e  obse rva t ion  t h a t  w h e n  
t i t r a t i ng  w a t e r  as above,  t h e n  exclusion of air f rom the  
reac t ion  vessel  by  an iner t  gas s t opped  the  add i t ion  of 
t i t r an t ,  which  r e - s t a r t ed  when  CO~ was  in t roduced  in to  
t h e  vessel.  This  is also shown  in F igure  1. W h e n  air in t he  
reac t ion  vessel  was  replaced b y  N 2, t h e  add i t i on  of t i t r a n t  
ceased  (B). A gas mix tu r e  of 95% O~ + 5% CO 2 was then  

an Inert A t m o s p h e r e  in React ion Vesse l s  w h e n  

fed into the  vessel, and  resul ted  in a con t inuous  addi t ion  
of alkali due  to  H2CO 3 fo rma t ion  (C). Pure  N 2 was re- 
in t roduced  in to  t he  vessel, and  again the  add i t ion  of 
t i t r a n t  ceased (D). 

The marked  effect  t h a t  a tmospher i c  pol lu t ion may  have  
on the  resul ts  of enzyme  assays  pe r fo rmed  by con t inuous  
e lec t rometr ic  t i t r a t ion  is shown in Figure  3, t a k e n  f rom 
an e x p e r i m e n t  in which the  levels of bu ty ry lcho l ines t e ra se  
in a supra -orb i t a l  g land from a normal  duck  were  being 
de te rmined ,  using 15 m M  bu ty ry lcho l ine  chloride as sub- 
s t r a t e  t oge the r  wi th  1.10 5 M  1, 5 -b i s (4 - t r ime thy lam-  
m o n i u m p h e n y l ) - p e n t a n - 3 - o n e  di- iodide (B\V62C47) to  in- 
h ib i t  any  ace ty lchol ines te rase  p re sen t  s. The  react ion was  
carr ied  ou t  a t  p H  7.4 wi th  5.10 2N N a O H  as t i t r an t .  
Slope A shows the  ra te  of add i t ion  of alkali wi th  air in t he  
reac t ion  vessel, and  gave an a p p a r e n t  concen t r a t ion  of 
bu ty ry lcho l ines t e rase  in the  t issue of 129.3 i, moles /g /h;  
w h e n  the  air was  replaced by  N ,  the  value d ropped  to 
85.6 l, mo le s /g /h  (slope N). Thus,  w i t h o u t  correc t ion  
for t he  a tmosphe r i c  effect ,  t he  value  ob ta ined  b y  t i t r a t i ng  
in air was  51% too high, even  af ter  a correc t ion  for 
spon t aneous  non-specif ic  l ibera t ion of acid from the  t issue 
h o m o g e n a t e  had  been made.  
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Fig. 2. Titrations of deionized-distilled water with 1 >( 10 3N NaOH 
to demonstrate pH-dependaney of the uptake of acidic substances 
from the air. T ,= 37°C, pH -, 7.5, 8.0 and 8.5. Titrant, l × 10-aN 
NaOH. Proportional band, 0.1 pH. Chart speed, 2.5 ram/rain. 
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Fig. 1. Effect of the exclusion of atmospheric acidic substances from 
reaction vessels by N e on the titration of water with 1 × 10 -3 N NaOH. 
A, air in vessel; B, N 2 in vessel; C, 5% CO~ + 95% O~ in vessel; 
D, N 2 in vessel. T = 37°C, pH = 7.4. Titrant 1 × 10-3N NaOH. 
Proportional band, 0.1 pH. Chart speed, 1.25 mm/min. 

Fig. 3. Titration curves for the estimation of butyrylcholinesterase 
levels in a homogenate of normal duck supra-orbital gland; A, per- 
forn~ed in air; N, performed under an atmosphere of pure N 2, 
T = 37°C, pH = 7.4. Tissue concentration, 14.8 mg/ml. Titrant, 
5 × 10 ~N NaOH. Proportional band, 0.1 pH. Chart speed, 2.5 
mm/min. 
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Regiona l  a n d  t e m p o r a l  v a r i a t i o n s  in the  compos i t i on  of 
air  m a k e  i t  imposs ib le  to  o b t a i n  a c o n s t a n t  cor rec t ion  
fac to r  for th i s  effect. Thus ,  ana lys i s  of t h e  compos i t i on  of 
3 samples  of air  s t a k e n  a t  d i f fe ren t  si tes in  the  Ci ty  of 
Leeds  on  12/6/67 gave  va lues  for t he  SO 2 c o n t e n t  of 66, 
56 and  74 t ,g/m 3. The  occur rence  of t e m p o r a l  v a r i a t i o n s  
was d e m o n s t r a t e d  b y  t i t r a t i o n ;  t h u s  d e t e r m i n a t i o n s  of 
t he  r a t e  of u p t a k e  of acidic s u b s t a n c e s  in 3 ml deionized-  
d is t i l led  w a t e r  on  7 consecu t ive  days  gave  e q u i v a l e n t  
va lues  of 0.730, 0.750, 0.690, 0.852, 0.647, 0.577 a n d  0.703 
/ ,nloles N a O H / h .  

Fig. 4. Equipment  suitable for producing an inert  atmosphere in a 
reaction vessel (R) during potentiometric titrations. F, flowmeter 
(0-25 ml/min);  W, wash bottle containing CO2-free distilled water. 

I t  is c lear  t h a t  t h e  mos t  c o n v e n i e n t  w ay  to  e l i m i n a t e  
t h e  er ror  is to  ca r ry  o u t  t i t r a t i o n s  in an  i ne r t  a t m o s p h e r e ,  
us ing  an  a r r a n g e m e n t  l ike t h a t  s h o w n  in F igu re  4. P u r e  
N~ f rom a cy l inde r  is led t h r o u g h  a p ressure  r educ ing  
va lve  a n d  t h e n  to a f lowmete r  (Figure  4, F) of su i t ab l e  
c a l i b r a t i o n  (0-25 ml /min) .  I t  is adv i s ab l e  to  pass  t h e  
N 2 t h r o u g h  CO2-free dis t i l led  w a t e r  in a wash  b o t t l e  
(Figure  4, B) before  i t  reaches  t h e  r eac t ion  vessel,  par -  
t i cu la r ly  w h e n  t i t r a t i o n s  a re  p ro longed ,  to  p r e v e n t  u n d u e  
e v a p o r a t i o n  of t h e  vessel  c o n t e n t s L  

Rdsumd. Les e s t i m a t i o n s  des  e n z y m e s  d a n s  de  p e t i t s  
6chan t i l l ons  de t issu, ou d a n s  des  t i ssus  de Ia ib le  ac t iv i t6 ,  
p a r  des  m 6 t h o d e s  p o t e n t i o m 6 t r i q u e s  p H - s t a t  avec  u n  
alcal i  c o m m e  t i t r a n t  son t  sous la  d 6 p e n d a n c e  d ' e r r e u r s  
caus6es p a r  l ' a b s o r p t i o n  des s u b s t a n c e s  acides  de Fair.  
On p e u t  ~vi te r  ces e r reurs  p a r  l 'usage  en  6 p r o u v e t t e  d ' u n e  
a tmosph&re  pu re  e t  inac t ive .  
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The Relationship of Phosphate and Lipids to Xanthine Dehydrogenase 

P h o s p h a t e  is r equ i r ed  for t he  r e d u c t i o n  of one e lec t ron  
accep to r  b y  c r e a m  x a n t h i n e  d e h y d r o g e n a s e  1 (XD) an d  
seems to  h a v e  a s t ab i l i z ing  ac t ion  on  th i s  e n z y m e  e. On 
t he  o t h e r  h a n d ,  t h e r e  is ev idence  t h a t  b o t h  t he  mi lk  3 a n d  
t he  m a m m a l i a n  e n z y m e s  4,5 are  assoc ia ted  w i t h  l ipid com- 
ponen t s .  The  p o s t u l a t e  t h a t  l ipid or phospho l ip ide  
m a t e r i a l  is respons ib le  for b i n d i n g  t o g e t h e r  va r ious  oxida-  
t ive  e n z y m e  sys t ems  was  t he  m a i n  s u p p o r t  for our  in- 
v e s t i g a t i o n  on  t he  p h o s p h a t e  a n d  l ipid p a r t i c i p a t i o n  in 
t he  X D  a c t i v i t y  of the  m a m m a l i a n  enzyme.  

Fo r  t h e  pu r i f i ca t ion  of t h e  enzyme,  a h o m o g e n a t e  
(1 : 5 w/v)  o b t a i n e d  from r a t  l iver  was  h e a t e d  a t  65 °C for 
15 rain.  Af te r  c e n t r i f u g a t i o n  a t  1000 g t he  aqueous  p h a s e  
was s i phoned  off a n d  s u b m i t t e d  to  t he  fol lowing s teps  
p e r f o r m e d  a t  0 °C. 

P r e p a r a t i o n  A1. To each  100 ml  of t he  h o m o g e n a t e  
were a d d e d  47 ml  of s a t u r a t e d  a m m o n i u m  su lpha te .  Af t e r  
20 m i n  m o s t  of t h e  p r o t e i n  which  h a d  been  sa l t ed  o u t  was  
s e p a r a t e d  b y  c e n t r i f u g a t i o n  a n d  d iscarded .  To each  100 ml  
of t h e  c lear  aqueous  so lu t ion  were a d d e d  47 ml  of s a tu -  
r a t e d  a m m o n i u m  su lpha te .  Af te r  45-60  m i n  t h e  b r o w n  
p r o t e i n  was  col lected b y  c e n t r i f u g a t i o n  and  d isso lved  in 
twice-dis t i l led  water .  

P r e p a r a t i o n  A2. O b t a i n e d  b y  dia lys is  of p r e p a r a t i o n  A1 
for 18 h aga in s t  twice-dis t i l led  w a t e r  a t  5 °C. The  so lu t ion  
was cen t r i fuged  (1000 g) for 15 min  a n d  a s u p e r n a t a n t  
free of t u r b i d i t y  w i th  a deep  r e d - b r o w n  colour  was ob-  
t a ined .  The  E280/E450 for th i s  p r e p a r a t i o n  was usua l ly  
13.5-14.7. 

P r e p a r a t i o n  B1. O b t a i n e d  b y  so lub i l i za t ion  of t h e  en- 
zyme  b y  t r e a t m e n t  w i th  b u t a n o l  as sugges ted  b y  MOR- 
TON 3. Whi le  s t i r r ing,  1 vol  of aqueous  b u t a n o l  was  s lowly 
a d d e d  to t h e  h o m o g e n a t e .  Af te r  c e n t r i f u g a t i o n  (1000 g 
for 15 rain) t h e  t r a n s p a r e n t  ye l lowish aqueous  phase  was  
s iphoned  off, f r a c t i o n a t e d  w i t h  a m m o n i u m  su lpha te ,  a n d  
d ia lysed  as A2. Th i s  p r e p a r a t i o n  p r e s e n t e d  a n  E,s0/E450 
equa l  to  11.3. 

X D  a c t i v i t y  was d e t e r m i n e d  b y  t h e  m e t h o d  p rev ious ly  
descr ibed  6. P h o s p h o r u s  was d e t e r m i n e d  b y  t h e  m e t h o d  
desc r ibed  b y  G6M6RI 6. 

T h e  a c t i v i t y  of t h e  e n z y m e  p r e p a r a t i o n s  m e a s u r e d  b y  
the  p r o d u c t i o n  of f o r m a z a n / m g  d ry  we igh t  are  s h o w n  in 
F igure  1. Resu l t s  on  aged p r e p a r a t i o n s  showed  t h a t  B1 
a n d  A2 were i n a c t i v a t e d  d i f fe ren t ly .  W h e n  i n c u b a t e d  a t  
37 °C, B1 p r e p a r a t i o n  lost  a c t i v i t y  more  r ap i d l y  t h a n  A2 
a n d  b o t h  p r e p a r a t i o n s  p r e sen t ed  100% i n h i b i t i o n  a f t e r  
24 h of i n c u b a t i o n  (Figure  2). 
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