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Sepharose-Avidin Column for the Binding of Biotin or Biot in-Containing Peptides 

The m e t h o d  of a t t ach ing  a biologically act ive  protein ,  
e.g., an enzyme to  an ac t iva ted  polysacchar ide  ma t r i x  ~ 
has  become widely used in recent  years, since on the  iner t  
surface the  enzyme re ta ins  mos t  of its ac t iv i ty  and  is easy 
to handle .  Selective pur i f ica t ion me thods  for p ro te ins  
based on such aff in i ty  ch roma tog raphy  2 were devised like 
the  single s tep isolat ion-purif icat ion of av id in  f rom egg 
whi te  3. 

We found t h a t  avidin  can be coupled to Sepharose  4B 
ac t iva ted  wi th  cyanogen bromide.  A co lumn prepared  of 
th is  Sepharose-avid in  showed considerable  b io t in  or 
dye  ~ b ind ing  capaci ty .  For  b inding  of b io t in  or b iot in  
conta in ing  pept ides  such columns are qui te  efficient,  re- 
covery of the  biot in  conta in ing  mater ia l  m a y  be less 
pract ical .  

In  a typ ica l  expe r imen t  20 ml agarose gel (Sepharose 4B 
from Pharmac ia )  was suspended in 20 ml  wa te r  and  a 
solut ion of 2 g CNBr in 20 ml wa te r  was added.  The p H  
was raised and ma in ta ined  at  abou t  11 by  the  dropwise  
addi t ion  of 4 N  NaOH.  W h e n  the  p H  did no t  fall any  
more (about  10 ml  4 N  NaOH was needed) t he  suspension 
was f i l tered on Buchner  funnel  and washed  wi th  0.12~I 
NaHCO 3. To th is  ac t iva ted  gel were added  20 mg of avidin  
(Worthington)  in 2 ml  0.121,/ NaHCO a and  the  mix tu re  
was s t i r red a t  4 ~ for 20 h. The Sepharose-avid in  was then  
poured  into a c h r o m a t o g r a p h y  tube,  washed  wi th  0 .1M 
NaHCO 3, and finally wi th  0.22U phospha t e  buffer  of 
p H  6.8. The  UV-absorp t ion  of the  eff luents  was measured  
at  280 n m  to find unbound  avidin.  At  least  80% of the  
avidin  was bound  by  the  gel. 

A sample  of this  Sepharose-avidin  (1 ml  af ter  low 
speed centr i fugat ion)  tu rned  p ink  when t r ea ted  wi th  a 
100 bt.~I solut ion of 4 -hydroxyazobenzene-2 ' -ca rboxyl ic  
acid. I t  was  washed wi th  3 nfi of 0 . 2 ~ ' / p h o s p h a t e  buffer,  
p H  6.8, and then  t i t r a t ed  wi th  a b iot in  solut ion (0.034 mg/  
ml) unt i l  the  red color d isappeared  (0.45 ml  b io t in  solu- 
tion). Thus,  the  Sepharose-avidin  has a b iot in  b ind ing  
capac i ty  of 0.06 i~mol/ml or 15 y/ml. 

The Sepharose-avid in  was used to b ind  b io t in  conta in-  
ing f r agment s  f rom a t ryp t i c  digest  of me thy lma lony l -  
oxaloacet ic  t ranscarboxylase  5 conta in ing  t r i t i a t ed  biotin.  

The solution, 336,000 counts / ra in  in 4.5 ml  of 0.22~I phos-  
p h a t e  buffer  p H  6.8 was  poured  over  a co lumn prepared  
f rom 4 ml  Sepharose-av id in  and was washed  wi th  0 . 2 M  
phospha t e  buffer  of p H  6.8. The column was  dyed  red  
wi th  5 ml  100 ~M 4-hydroxyazobenzene-2 ' - ca rboxy la t e  in 
0 .2M phospha t e  buffer  of p H  6.8, and  washed  wi th  6 ml  
of the  same buffer.  According  to  previous  t i t r a t i on  th is  
column can b ind  0.24 ~tmol of biot in.  W h e n  the  t r ans -  
carboxylase  digest  was  poured  over  the  red column, its 
top  one- th i rd  was discolored.  The column was t h e n  
washed  wi th  0 .2M p h o s p h a t e  buffer  and  f ract ions  of 8 -  
10 ml were collected and  counted.  A to ta l  of 900 counts /  
min  was found in 4 fract ions.  E lu t ion  wi th  a 63 I  guani-  
d ine-hydrochlor ide-hydrochlor ic  acid solut ion of p H  1.5 s 
r emoved  only a to ta l  of 80,000 counts /min ,  or abou t  24 ~ /o 
of the  biot in  conta in ing  f ragments .  

Zusammen/assung. Avidin  konn te  an dan Polysacchar id  
Sepharose  4B, das zuvor  mi t  B r o m c y a n  ak t iv ie r t  wurde,  
gebunden  werden.  U m  Biot in  oder  Biot in-hal t ige  Pep t i de  
zu binden,  erwies sich eine Sepharose-Avidin-SXule als 
besonders  giinstig. 
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Fluorometric Detection of Serotonin Using o-Phthaldialdehyde: an Improvement  

Reac t ion  of o -ph tha ld ia ldehyde  (OPT) wi th  serotonin  
s t anda rds  increases amine  de tec t ion  sens i t i v i t y l  over  the  
direct  BOGDANSKI procedure2;  however,  no detai led 
in fo rmat ion  is available concerning the  b lank  which is a 
cons is ten t  p rob lem when low concen t ra t ions  of serotonin  
are be ing analyzed.  The b lank  arises p r imar i ly  f rom 
reagents  and  glassware and is var iable  and  no t  easily 
control lable  3. In  the  BOGDANSKI procedure ,  if b lank  
fluorescence is large re la t ive to serotonin  fluorescence,  
the  peak  of max ima l  serotonin  f luorescence (545 nm) 
may  no t  be p resen t  bu t  appears  in t he  spec t rum a t  a 
shor te r  wavelength .  This appa ren t  shif t  (atypicall i ty)  is 
due to  over lap of b lank  (ca. 400 n m  wavelength)  and  
serotonin  (545nm wavelength)  emissions which  are 
de tec ted  addi t ively.  Readings  f rom the  a typ ica l  peak  or 
a t  545 n m  wave leng th  are inaccurate .  We  have  repor ted  a 
t h a t  t he  b lank  in the  se ro ton in-OPT m e t h o d  cons t i tu tes  
a greater  p rob lem t h a n  in the  BOGDANSKI procedure  

since reagent  OPT produces  exaggera ted  p r imary  scat-  
tering,  t he  increased vo lume  of HC1 required to achieve 
op t ima l  acidi ty  4 produces  grea ter  b lank  fluorescence, and  
the  peak  of m a x i m a l  se ro ton in -OPT fluorescence occurs 
a t  473 nm wave leng th  in compar i son  to  the  m a x i m a l  
emission of sero tonin  a t  545 nm. R e p o r t e d  here are t he  
advan tages  of a ch loroform wash in the  se ro ton in -OPT 
m e t h o d ;  chloroform removes  major  b lank  emissions and  
reduces p r i ma ry  scat ter ing.  
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Materials  and  methods. F l u o r e s c e n c e  w a s  r eco rded  
u s i n g  a s p e c t r o p h o t o f l u o r o m e t e r  (SPF)5 .  S p e c i m e n s  were  
a c t i v a t e d  a t  355 n m  w a v e l e n g t h  a n d  s p e c t r a  were  
r eco rded  8 f r o m  200-800 n m  w a v e l e n g t h .  S e r o t o n i n - O P T  
f luorescence  w a s  r ead  a t  473 n m  w a v e l e n g t h .  De ta i l s  of 
S P F  sl i t  s izes a n d  s e ro ton in ,  a n d  r e a g e n t  a n d  t i s sue  
p r e p a r a t i o n  h a v e  b e e n  p r e s e n t e d  p r e v i o u s l y  7-9. 

S p e c i m e n s  are  e x t r a c t e d  f r o m  t h e  n - b u t a n o l ,  n - h e p t a n e  
m i x t u r e  1 in to  1.5 m l  of 0 . 1 N  HC1. 1.0 ml  a l i quo t s  a re  
t r a n s f e r r e d  to  acid w a s h e d  g l a s s - s t o p p e r e d  t e s t  t ubes .  
0.2 m l  of  0.05 g/100 m l  (w./v.) O P T  in a b s o l u t e  e t h a n o l  
is added  to  each  tube .  Af t e r  mix ing ,  2.0 m l  of 1 0 N  HC1 
are  added  w i t h  mix ing .  T u b e s  are  t h e n  f lushed  for  60 sec 
w i t h  a l igh t  j e t  of  f i l tered,  dr ied  n i t r o g e n  gas  a n d  capped .  
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Fig. 1. Fluorescence spectra of blank and serotonin-OPT standards before (a) and after (b) a chloroform wash. Concentrations of the 
serotonin-OPT standards in final solution read were 25.0, 18.8, 12.5, 9.4, 6.3 and 3.1 ng/ml. Instrumental conditions were activation 
wavelength 353 nm, attenuation 1% full scale, sensitivity 0 sensitivity units and ceil temperature 20~ 80rib 
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Fig. 2. Fluorescence spectra of extracted blank, serotonin-OPT standard and tissue specimens before (a) and after (b) a chloroform 
wash. Individual specimens were prepared by taking 0 and 1.2 [xg of serotonin and various quantities of mucosa from a 200 g, male 
Sprague-Dawley rat. Tissues were stomach fundus in duplicate (SF), pyloric antrum (PA), mid-jejunum (M J), and ascending colon (AC). 
The concentration of the serotonin-OPT standard in the final solution read was 61.5 ng/ml, instrumental conditions for all specimens were 
355 nm, activation wavelength and 20~ cell temperature. SF was read at an attenuation of 30% full scale and sensitivity of 60 sen- 
sitivity units. All other specimens were read at an attenuation of 10% full scale and a sensitivity of 40 sensitivity units. 
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Spec imens  are complexed  w i th  O P T  in a 100 ~ w a t e r b a t h  
for 10 min.  Tubes  are cooled to  room t e m p e r a t u r e  in 
r u n n i n g  t a p  w a t e r  and  read.  Spec imens  e x t r a c t e d  w i t h  
ch lo ro fo rm are h a n d l e d  as follows: 3.2 ml  of ch lo roform 
are a d d e d  to  each  t u b e  a f t e r  O P T  complex ing  and  cooling 
to room t e m p e r a t u r e .  Tubes  are  t h e n  s h a k e n  for 5 m i n  
us ing  a p l a t f o r m  s h a k e r  ~0 and  t h e n  cen t r i fuged  for 5 ra in  
a t  2 3 0 0 r p m  n to  aid pa r t i t i on .  1 . 5 m l  of the  upper ,  
aqueous  phase  is t a k e n  for reading.  

Results. S e r o t o n i n - O P T  S tanda rds .  I n  t he  absence  of 
a ch lo roform wash  t he  b l a n k  p roduced  a typ ica l l i t y  
(Figure 1, a), a n d  h i g h  a n d  va r i ab l e  p r i m a r y  sca t t e r ing .  
Spec imens  washed  w i t h  chloroform,  however ,  showed  
reduced  p r i m a r y  s ca t t e r ing  and  b l a n k  peaks  (Figure 1, b) 
w i th  t i le  p r o d u c t i o n  of charac te r i s t i c  s e r o t o n i n - O P T  
spec t ra  peak ing  m a x i m a l l y  a t  473 n m  wave leng th .  

Tissues.  Gross in te r fe rence  b y  b l a n k  c o m p o n e n t s  
(Figure 2, a) p r o d u c i n g  a typ ica l  spec t ra  is seen in t h e  
dup l ica tes  of SF, a n d  in t he  PA ;  a smal l  b l a n k  con t r ibu -  
t i on  is seen in t he  MJ  sample  p roduc ing  m i n i m a l  a typ ica l -  
l i ty.  The  AC peaks  a t  473 n m  w a v e l e n g t h  and  a l t h o u g h  
i t  con t a in s  a b l a n k  th i s  componen t ,  re la t ive  to t he  
s e r o t o n i n - O P T  fluorescence,  is m i n i m a l  a n d  does no t  
p roduce  a typ ica l l i ty .  Spec imens  washed  w i t h  ch lo roform 
(Figure 2, b) show reduced  p r i m a r y  s ca t t e r ing  and  char-  
ac te r i s t ic  s e r o t o n i n - O P T  peaks ;  the  dup l i ca te  s t o m a c h  
fundi  are super imposable .  

S e r o t o n i n - O P T  Solubi l i ty .  The  p a r t i t i o n  i so the rm 12 for 
s e r o t o n i n - O P T  a t  room t e m p e r a t u r e  (20~ was l inear  
for s e ro ton in  c o n c e n t r a t i o n s  40-200 n g / m l  (Figure  3). T h e  
p a r t i t i o n  coefficient  (K) was 4 . 9 •  ( n = 5 ) .  The  
ch lo roform wash  r e m o v e d  17% of t he  s e r o t o n i n - O P T  
complex.  

Disoussion. R e a g e n t  b l a n k s  are f r e q u e n t l y  a p rob l em 
in f l uo rome t ry  especial ly  w h e n  biological  spec imens  are 

ava i l ab le  in  smal l  q u a n t i t i e s  and  t h e i r  assay  conduc t ed  
in ppU. Use of h igh  qua l i t y  r eagen t s  a n d  w a t e r  has  no t  
so lved th i s  problem ~,3,~a,~4. Fi l ters  c a n n o t  be used to 
se lect ively  r emove  b l a n k  f luorescence a t  t h e  w a v e l e n g t h  
of m a x i m a l  se ro ton in  or s e r o t o n i n - O P T  fluorescence.  
Therefore ,  t h e y  do no t  i m p r o v e  t he  accu racy  of r ead ing  
b u t  in  fac t  r educe  de tec t ion  sens i t i v i ty  3. A single wash  
w i t h  a n  equa l  vo lume  of ch lo roform was found  to  lower 
b l a n k  f luorescence w i th  on ly  a 17% loss of se ro ton in-  
OPT,  a n d  to yield typ ica l  s e r o t o n i n - O P T  spec t ra  peak ing  
a t  473 n m  wave leng th .  R e d u c e d  s e r o t o n i n - O P T  loss can  
be  ach ieved  b y  us ing  a smal le r  ch lo roform : aqueous  rat io.  
The  ch loroform wash  was found  to reduce  and  s tan-  
da rd ize  p r i m a r y  sca t t e r ing  b y  r e m o v a l  of p r e c i p i t a t e d  
OPT,  a n d  to h a v e  no effect  on ac id i ty  a n d  t e m p e r a t u r e  
r e l a t ionsh ips  for m a x i m a l  f luorescence 4 or t he  exc i t a t i on  
a n d  emiss ion  spec t ra  of s e r o t o n i n - O P T  (THoI~IPSON and  
SPEZIA, unpub l i shed) .  Use of ch lo roform enables  a g rea te r  
de t ec t ion  s ens i t i v i t y  for s e ro ton in -OPTa ;  i t  has  been  in 
use in our  l a b o r a t o r y  for over  2 years  15. 

Rdst, md. Dons  la d 6 t e r m i n a t i o n  f luor im6t r ique  du  com- 
plexe s6ro ton ine-OPT,  le l avage  des sp6cimens  avec  un  
v o l u m e  6gal de chloroforme,  a v a n t  de l ' 6va lua t ion ,  r6du i t  
l ' i n te r f6 rence  des b lancs  e t l a  d ispers ion  pr imai re .  Cela 
p e r m e t  une  6va lua t ion  plus exac te  de la f luorescence de 
la s6ro tonine  el, dons  que lques  cos, l ' usage  de spect res  
a u t r e m e n t  illisibles. 
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Fig. 3. Partit ion isotherm for serotonin-OPT in chloroform at 20 ~ 
Fluorescence intensity of aqueous phase obtained from spectra of 
40, 80, 120, 160 and 200 ng/ml serotonin-OPT standards. Instru- 
mental conditions were activation wavelength 355 nm, attenuation 
0.3% full scale, sensitivity 0 sensitivity units and cell temperature 
20~ Fluorescence intensity of chloroform phase determined by 
difference. 
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Die n~iherungsweise graphische Darstellung von Isopotentiallinien aus EEG-Mehrkanalregistrierun- 
gen mittels EDV-Anlage 

Bei  U n t e r s u c h u n g e n ,  in  denen  eine Var i ab l e  (zum Bei- 
spiel b ioe lek t r i sche  S p a n n u n g e n )  eines zwe id imens iona len  
Prozesses  (oder eines d re id imens iona len ,  d e r n u r  a n  der  
OberflS~che abge le i te t  wird) mi t t e l s  m e h r e r e r  E l e k t r o d e n  
reg is t r i e r t  wird, e r sche in t  es wi inschenswer t ,  eine zunl in-  

des t  a n n ~ h e r n d e  Dars t e l lung  dieses zwe id imens iona len  
Prozesses  zu e rha l t en ,  da  die M e h r k a n a l r e g i s t r i e r u n g  
r ech t  u n a n s c h a u l i c h  und  ihr  zum Beispiel  eine Ver lage-  
r u n g  yon  S p a n n u n g s h i i g e l n  k a u m  zu e n t n e h m e n  ist. E ine  
Verbes se rung  e rg ib t  sich d u r c h  die T o p o g r a m m d a r s t e l -  


