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f rom c o n t a m i n a t i o n  b y  a t m o s p h e r i c  c a r b o n  dioxide  and  
c a r b o n  dioxide  p roduced  b y  mic rob ia l  me tabo l i c  act iv i t ies .  
A n y  m o d e r a t e  losses of c a r b o n  d ioxide  will be  inconse-  
quent ia l ,  since b o t h  t he  rad io-  a n d  s tab le - i so topes  will be  
lost  in  e q u i v a l e n t  p r opo r t i ons  and  so will  no t  inf luence  t he  
answer  o b t a i n e d  upon  ana lys i s ;  5. t he  m e t h o d  is appl ica-  
ble to  wa te r s  n o t  su i t ed  to  ana lys i s  b y  c o n v e n t i o n a l  field 
me thods .  

Riassunto. Si descr ive u n  m e t o d o  pe r  d e t e r m i n a r e  il 
c o n t e n u t o  di an id r ide  ca rbon ica  de l l ' acqua ,  che p r evede  il 
passaggio  del CO~ d a t l ' a c q u a  a t t r a v e r s o  u n a  m e m b r a n a  
di l a t t i ce  ad  u n a  soluzione a lca l ina  dove  la  va r i az ione  di  

c o n d u t t i v i t s  e r a d i o a t t i v i t s  v iene  m i s u r a t a  e u s a t a  per  
calcolare  il l ivello di  COe del  c a m p i o n e  d ' aequa .  
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On Matrix Rank Analysis of Spectra of Multicomponent Mixtures 

Several  workers  h a v e  shown  t h a t  app l i ca t i on  of t h e  
concep t  of the  r a n k  of a m a t r i x  to  t he  spec t ra  of mul t i -  
c o m p o n e n t  m i x t u r e s  can  give t h e  n u m b e r  of c o m p o n e n t s  
in  t h e  mix tu res .  The  p rac t i ca l  p r o b l e m  of r a n k  d e t e r m i n a -  
t ion  has  been  a t t a c k e d  in va r ious  ways  inc lud ing  eva lua-  
t ion  of d e t e r m i n a n t s  1-3, a n n i h i l a t i o n  of rank4,  5, a n d  
e v a l u a t i o n  of e igenvalues  6. The  r a n k  d e t e r m i n e d  is t h a t  
cons i s t en t  w i t h  t h e  error  of t h e  m a t r i x  e lements .  

Consider  a m a t r i x  D = [dad whose  co lumns  consist ,  for 
example ,  of a b s o r p t i o n  spec t ra  of a m u l t i c o m p o n e n t  
mix tu re .  Here  da, r ep resen t s  t he  a b s o r b a n c e  a t  t he  Zth 
w a v e l e n g t h  in t he  i t h  spec t rum.  W e  assume t h a t  each  
da, has  a va r i ance  var (dad, and  t h a t  t he  da, are observa-  
t i ona l ly  i n d e p e n d e n t .  To f ind  t he  r a n k  of D, HuGlJS and  
EL-AWADY 6 r ecen t ly  p roposed  t he  d e t e r m i n a t i o n  of t h e  
n u m b e r  of nonzero  e igenvalues  of t h e  rea l  s y m m e t r i c  
m a t r i x  D D  T, where  D ~" is t he  t r anspose  of D.  These  
a u t h o r s  d e t e r m i n e d  t he  e igenvalues  of D D  T b y  t he  J a c o b i  
me thod .  To set  up  a t e s t  for  a zero e igenvalue,  t h e y  
cons idered  t h e  p r o p a g a t i o n  of errors  in  t he  c o m p u t a t i o n  
of D D  T and  t h e  d iagona l i za t ion  of th i s  ma t r ix .  T he  purpose  
of t h i s  c o m m u n i c a t i o n  is to  show t h a t  w h e n  t h e  e l ement s  
of D h a v e  t h e  same  v a r i a n c e  i t  is easier  to  p roceed  as 
follows b y  cons ider ing  t he  s ingu la r  va lues  of D. 

A genera l  m • n m a t r i x  of r a n k  k has  exac t ly  k pos i t ive  
nonzero  s ingu la r  va lues  7. T he  s ingu la r  va lues  are real.  
Cor responding  to  each  s ingu la r  va lue  ~ t h e r e  is a pa i r  
of s ingu la r  vec tors  u~ a n d  v~. These  are e igenvec tors  of 
DD T and  DTD (for a real  m a t r i x  D), respect ively ,  
co r r e spond ing  to  an  e igenva lue  Z~ = (~3). W e  h a v e  

D Tula = [1:o V~. 

Mul t ip ly ing  on  t he  left  b y  v~ we get  

~p ~ V~ D T t t p ,  

since t he  v~ are  o r t h o n o r m a l .  I f  D = [da, ] we h a v e  

~t~ = 2 2 u ; t v ~ d a i  
~ 1  / = 1  

since t he  e igenvec tors  u~ a n d  vp are o r t h o n o r m a l ,  a n d  the  
p r o b l e m  of d e t e r m i n i n g  t h e  n u m b e r  of nonzero  s ingu la r  
va lues  of D is g rea t ly  s implif ied.  The  s ingu la r  va lues  are 
c o m p u t e d  as t he  n o n - n e g a t i v e  square  roo ts  of t he  eigen- 
va lues  of DTD or DD T a n d  c o m p a r e d  w i t h  t he  s t a n d a r d  
d e v i a t i o n  of t he  e l emen t s  of D. 

W e  h a v e  t e s t ed  t he  m e t h o d  of r a n k  d e t e r m i n a t i o n  
g iven  here  on a n  8 • 8 m a t r i x  of n e u t r a l  red  spec t ra  con- 
s i s t ing  of 8 rows a t  d i f fe ren t  w a v e l e n g t h s  a n d  8 co lumns  a t  
d i f fe ren t  p H  va lues  of t h e  so lu t ion  as g iven  b y  WALLACE 
and  KATZ ~. These  a u t h o r s  found  t he  m a t r i x  to  be defi- 
n i t e ly  of r a n k  3 a n d  poss ib ly  of r a n k  4 b y  cons ider ing  t he  
p r o p a g a t i o n  of er rors  a f t e r  r e d u c t i o n  s teps  cons i s t ing  of 
Ganss i an  e l im ina t i on  w i t h  comple te  p ivo t ing .  H u a u s  and  
EL-AwADY 6 declared  t he  m a t r i x  to  be  of r a n k  3 a s a  
resu l t  of c o m p u t i n g  3 nonzero  e igenvalues  for t he  p r o d u c t  
m a t r i x  DD T. The  m a t r i x  e l ement s  eacll  h a d  a n  er ror  
( s t anda rd  dev ia t ion)  of 0.003 a b s o r b a n c e  uni t .  

D iagona l i za t ion  of t h e  p r o d u c t  m a t r i x  DD T was car r ied  
ou t  b y  t he  J a c o b i  m e t h o d  us ing  a n  a l g o r i t h m  of •UTIS- 
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Computations for 8 • 8 matrix D of neutral red spectra of WALLACE 
and KATZ $ 

Eigenvalue of DD T Singular value of D 

11.570321 3.401518 
where  u x a n d  v, are t h e  ~th  a n d  i t h  c o m p o n e n t s  of t h e  1.158019 1.076123 
e igenvec tors  u~ a n d  vp, respect ive ly .  B y  p r o p a g a t i o n  of 0.096982 0.31142 
errors  we h a v e  0.008896 0.094317 

0.000068 0.008219 
2 2  0.00001 0.003115 

var ( ~ )  = (u a vi) ~ va r  (dai) . 0~ 0 
�9 ~ = 1  i = 1  0 ~ 0 

I t  will  be  no t iced  t h a t  w h e n  t he  da, h a v e  the  same va r i ance  
Declared zero after computation as a negative number with small 

var (~x2~) = var (d~,), absolute value. 
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ItAUSER 8 in a p r o g r a m  ~ w r i t t e n  for a H e w l e t t - P a c k a r d  
9100B Calcu la tor  f i t t ed  w i t h  a 9101A E x t e n d e d  Memory .  
The  c o m p u t e d  e igenva lues  a n d  s ingu la r  va lues  are  g iven  
in t h e  Table .  

Compar i son  of t h e  s ingu la r  va lues  of t h e  Tab le  w i t h  
the  s t a n d a r d  d e v i a t i o n  of t he  m a t r i x  e l emen t s  ind ica tes  
4 s ingu la r  va lues  g rea t e r  t h a n  twice  t he  s t a n d a r d  devia-  
t i on  and,  therefore ,  nonzero .  The  m a t r i x  t h u s  appea r s  
to  be  an  a p p r o x i m a t i o n  to  a m a t r i x  of r a n k  4, as or ig inal ly  
sugges ted  b y  WALLACE a n d  KATZ 4. 

verg l ichen  werden.  Die Zah l  der  K o m p o n e n t e n  aus  e inem 
L6sungsgemisch  k a n n  aus  d e m  R a n g  der  M a t r i x  der  
E x t i n k t i o n s k o e f f i z i e n t e n  b e s t i m m t  werden.  
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Zusammen[assung. Neues V e r f a h r e n  zur  B e s t i m m u n g  
des Ranges ,  w o n a c h  die Q u a d r a t w u r z e l n  der  E i g e n w e r t e  
m i t  der  S t a n d a r d a b w e i c h u n g  der  E x t i n k t i o n s m e s s u n g e n  
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Multiple Binding Functions of Sheep Ant i -DNP Antibodies 

A n  i m m u n e  se rum is genera l ly  a s sumed  to e x h i b i t  a 
h igh  degree of specif ic i ty  aga ins t  t h e  a n t i g e n  used  to 
induce  t he  i m m u n e  response.  Th i s  genera l  rule  ha s  become  
ques t i onab le  b y  t he  r ecen t  f ind ings  of severa l  workers  t-~ 
sugges t ing  t h a t  i n d i v i d u a l  a n t i b o d i e s  m a y  c o m p e t i t i v e l y  
b i n d  severa l  s t r u c t u r a l l y  d i s s imi la r  hal) tens .  These  
obse rva t i ons  i nd ica t e  t h a t  ha l ) t en  b i n d i n g  b y  t he  an t i -  
b o d y  m i g h t  n o t  be  a n  a l l -or -none  func t i on  b u t  r a t h e r  t h a t  
t he  a n t i b o d y  c o m b i n i n g  s i te  m i g h t  be  a l )o lyfunc t iona l  
region,  capab le  of b i n d i n g  severa l  s t r u c t u r a l l y  d i ss imi la r  
ha t ) tens ;  however ,  w i t h  d i f fe ren t  affini t ies.  

The  p r e sen t  work  was u n d e r t a k e n  in o rder  to  e x a m i n e  
th i s  h y p o t h e s i s  in sheep an t ibod ie s  t owards  t he  2, 4-dini-  
t r o p h e n y l  (DNP)  d e t e r m i n a n t  a n d  to  e s t ab l i sh  t h e  degree 
of p o l y f u n c t i o n a l i t y  of these  an t ibod ies .  

Material and methods. Ant ibod ie s  were ra ised  b y  i.m. 
i n j ec t ion  of 5 m g  D N P - B G G  ill comple te  F r e u n d ' s  
a d j u v a n t .  I n  regular  1 m o n t h  in te rva l s ,  t h e  sheep were  
boos te red  w i t h  t h e  same a m o u n t  of an t igen .  Af te r  6 boos te rs  
t h e  a n t i b o d y  t i t e r s  r eached  an  ave rage  of 0.5-1.0 mg/ml .  

I m m u n o a d s o r b e n t s  cons is ted  of ha l ) t en -p ro te in -con-  
juga tes  mech an i ca l l y  e n t r a p p e d  in to  p o l y a c r y l a m i d e  gels 
accord ing  to t h e  m e t h o d  of CARREL 7. Ac t ive  p ro t e i n  was 
desorbed  w i t h  0.2 M glycine,  l )H 2.3. 5-acetyluraci l -  
BSA,  l )ur ine-6-oyl-BSA,  nuc leo t ide-  a n d  nucleoside-  
p ro t e i n - co n j u g a t e s  were syn thes i zed  as descr ibed  b y  
BEISER e t  al. s, n i t r o a z i d o l ) h e n y l - B S A  b y  t h e  m e t h o d  of 
FLEET 9. D N P - B S A  a n d  D N P - B G G  were p r e p a r e d  accord-  
ing to  LITTLE an d  EISEN 1~ E q u i l i b r i u m  dialysis  was 
pe r fo rmed  as descr ibed  b y  EISENll,  us ing  t r i t i a t e d  e-N- 
DNP-L- lys ine  (New E n g l a n d  Nuclear) .  The  r e l a t i ve  
assoc ia t ion  c o n s t a n t  w i t h  var ious  h a p t e n - p r o t e i n - c o n j u -  
ga tes  were s tud ied  b y  t h e  i n h i b i t i o n  of t h e  b i n d i n g  of 
r a d i o a c t i v e l y  labeled  D N P - B S A  to  a n  inso luble  an t i -  
b o d y  p r e p a r a t i o n . T h i s  m e t h o d  has  t h e  a d v a n t a g e  t h a t  t he  
r eac t ion  w i t h  t h e  i m m u n o g e n  i tself  m a y  be  s tud ied .  
Es sen t i a l l y  a n t i b o d y  coupled  to  b romoace ty lce l lu lose  1~ 
was r eac ted  w i t h  1~5I D N P - B S A .  Af te r  c en t r i f u g a t i o n  a n d  
washing ,  t h e  r a d i o a c t i v i t y  in  t h e  s e d i m e n t  was  counted ,  
g iv ing  100% of b ind ing .  T h e  re l a t ive  aff in i t ies  aga ins t  t he  
c ross - reac t ing  h ap t en - l ) ro t e i n - co n j u g a t e s  were  ca lcu la ted  

Isoelectrofocusing pattern of the whole anti-DNP antibody popula- 
tion and of the subfractions isolated from the 5-acetyl-uracil-BSA 
immunoadsorbent and the purine-6-oyl-BSA immunoadsorbent 
respectively. 
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