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ABSTRACT 

The for ina t ion  of f luorophores  by t h e  a c t i o n  of Dansyl Chlor ide (1- 
dimethyl  aminonaph thal  ene-5-Sulf onyl Chlor ide)  with iodoam ino ac ids  has  
provided a highly sensi t ive method f o r  t h e  d e t e c t i o n  of these compounds 
in t h e  f e m t o m o l e  range. A relat ively s i m p l e  sys tem i s  descr ibed f o r  t h e  
reac t ion ,  chromatographic  separa t ion  and  c h a r a c t e r i z a t i o n  of individual 
iodoamino acids. 

Dansyl chlor ide was found to r e a c t  specif ical ly  with t h e  pr imary  
a m i n o  group. The s p e c t r a l  c h a r a c t e r i s t i c s  of dansyl-thyroxine showed a n  
e x c i t a t i o n  of 295 nm and a n  emission of 510 nm. The f luorescence  of 
Dansyl-T4 in  t h e  femtornole  range  w a s  l inear  with a coef f ic ien t  of 
de ter in ina t ion  of 0.99. 

813 

Copyright 0 1981 by Marcel Dekker. Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



814 

INTRODUCTION 

BONGIOVANNI ET AL. 

Several  techniques have  been r e p o r t e d  f o r  t h e  separa t ion  of 
iodoarnino ac ids  by Gas a n d  Liquid Chromatography.  Using gas 

c h r o r n a t o g r q h y ,  Pe tersen  et al .  ( I ) ,  w e r e  a b l e  to  show t h a t  iodoainino 

acids  were  d e t e c t e d  in t h e  picogram levels. Although t h i s  method showed 

a n  appl icat ion to biological samples ,  i t  has  not been widely a c c e p t e d ,  

perhaps,  due to  t h e  t i m e  consuming s t e p s  of s a m p l e  clean-up a n d  
der iva t iza t ion  in non-aqueous medium. 

In t h e  l a s t  severa l  years ,  high p e r f o r m a n c e  liquid chromatography 

(HPLC)  has  been introduced f o r  t h e  separa t ion  of iodoarnino acids ,  a n d  

al though several  invest igators  (3,4,5) w e r e  a b l e  t o  show e x c e l l e n t  

separat ions,  t h e  lack  of sensi t ivi ty  has  been  a major  diff icul ty  in i t s  

appl ica t i on to biological sacn pi es. 

FORMATION OF DNS-IODOTHYRONINES 
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Figure 1 

Derivat ive format ion  of Iodoamino ac ids  with 1- 

dimethylaininonaphthalene-5-Sul fonyl Chlor ide (Dansyl-CL). 
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DANSYL-THYROXINE IN FEMTOMOLE RANGE 815 

Recent ly  , a novel appr  odch to pos t-column der i  vat i  za t ion  was 
presented  by Nachtmann et al. (2). Their method is based on  t h e  redox 

reac t ion  be tween cer ium IV and a r s e n i c  (111)  t h a t  is c a t a l y z e d  by t r a c e  

a m o u n t s  of iodine. Although th is  approach  holds promise,  prel iminary 

s tudies  in our labora tory  concern ing  iodoainino ac ids  d e m o n s t r a t e d  t h a t  it 

had insuff ic ient  sensi t ivi ty  when appl ied to biological samples  (6). 

Therefore ,  because  dansyl chlor ide has been  ex tens ive ly  discussed as an 

ideal der iva t iz ing  a g e n t  (7,8), we next  s tud ied  dansyl reac t ions  s ince  its 

arnine der iva t ives  have  previously been c h a r a c t e r i z e d  a n d  easi ly  measured  

at t h e  f e i n t o m o l e  range  f o r  a m i n o  acids ,  polyamines a n d  c a t e c h o l s  (9-12). 

In t h e  present  s tudy ,  i t  will be  shown t h a t  dansyl ch lor ide  will r e a c t  

with iodoarnino acids  as shown in F igure  1, a n d  will g r e a t l y  e n h a n c e  t h e  

sensi t ivi ty .  

MATERIALS 

Equipment  

The liquid chromatography sys tem used consis ted of t w o  model  

6000-A solvent  del ivery pumps, a model  IJ6K s a m p l e  in jec tor ,  a model  440 

u l t rav io le t  d e t e c t o r ,  and  a model  660 solvent  programmer  (Waters  

Associates ,  Inc., Milford, MA 01 757). An Amineo Fluoro-MonitorTM was 
used with a pr imary  f i l t e r  Corning 7-51 (Exci ta t ion  340 n m )  a n d  a 
secondary  f i l t e r  Wrat ten  No. 8 (Emission 480 n m )  a n d  a two-channel 

omniscr ibe  recorder  (Houston Ins t ruments ,  Austin, Texas, USA). 

Reten t ion  t i m e s  and peak a r e a s  w e r e  obta ined  with a n  H P  3381-A 

e l e c t r o n i c  i n t e g r a t o r  (Hewlet t -Packard,  Avondale, PA., IJSA). 

R e a g e n t s  

All thyronine r e f e r e n c e  m a t e r i a l  was purchased f roin Henning Berlin 

GM 13H (Komturstr .  19-20, DlOOO Berlin 42, Germany) ,  e x c e p t  Thyroxine 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



81 6 BONGIOVANNI ET AL. 

(T4) and  3,3',5-triiodothyronine (T3) w e r e  purchased froin Sigma (St. 
Louis, MO., IJSA) and  3,3',5'-triiodothyronine (rT3) was  purchased f r o m  

CalRiochern, San Diego, CA. S tandards  w e r e  prepared  by dissolving in  1% 
methanol-NaOH (99:l,v/v) at a concent ra t ion  of I mg/ml.  

METHODS 

Sodium C a r b o n a t e  Buffer 

A 0.5 mole / l i t e r  sodium bicarbonate  w a s  ad jus ted  to pH 8.99 2 0.02 
with 0.5 mole/ l i ter  sodium carbonate .  Dansyl chlor ide was  prepared  at a 

concent ra t ion  of 2 mg/ml in acetone. I t  was  purchased f r o m  P i e r c e  

Chemica ls  (Rockford,  IL., IJSA 61 105). 

Preparat ion of Dansyl Reac t ions  

Specif ic  nanogram a m o u n t s  of e a c h  iodoamino a c i d  w e r e  added  to a 

ser ies  of glass test tubes  (10 m m  x I5 c m )  a n d  brought  to dryness  a t  55OC 
with a s t r e a m  of nitrogen. Two hundred micro l i te rs  of sodium c a r b o n a t e  

buffer  was added  to e a c h  test t u b e  followed by a n  equal  vo lume of dansyl 

chloride; the  tubes w e r e  covered  with paraf i lm and r e a c t e d  at 55'C f o r  
one hour. The dansyl der ivat ives  w e r e  t h e n  e x t r a c t e d  with t w o  volumes of 
nHeptanc.  Specific volumes of t h e  aqueous solut ions w e r e  in jec ted  on  

column. 

C hr om at oar  aph ic Condit ions 

Separat ions w e r e  obta ined  on micropar t icu la te ,  chemica l ly  bonded, 

reversed-phase columns (300 x 3.9 rnm ID, uBondapack CI8,  W a t e r s  

Assoc.). A t w o  solvent  sys tem was  used. P u m p  A - a I% glacial  a c e t i c  

a c i d  in distilled w a t e r ,  Pump B - H P L C  g r a d e  a c e t o n i t r i l e  (ACN). A 60 

min. convex gradien t  prograrn beginning at 15% ACN and ending wi th  
50% ACN at a f low r a t e  of 1.5 ml/min  was  used. 
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DANSYL-THYROXINE IN FEMTOMOLE RANGE 817 

RESULTS AND DISCUSSION 

Opt imiza t ion  Of The Dansyl R e a c t i o n  

I t  was  found t h a t  t h e  der iva t iza t ion  of most  iodoamino ac ids  i s  

op t imal  at pH 9.5 to 10.5; at higher pH values  t h e  r e a g e n t  i s  hydrolyzed 
too rapidly. At  pH values lower than  8 t h e  pro tona ted  f o r m  of t h e  a m i n o  

group predominates ,  therefore ,  p revent ing  t h e  for ina t ion  of dansyl deriva- 

tives. Dansylation by-products, t h e  r e s u l t  of excessive use of dansyl 

r e a g e n t ,  a r e  minimized by keeping t h e  s a m p l e  volumes smal l ,  l imit ing t h e  

concent ra t ion  of dansyl chlor ide t o  1.5-2.0 mg/ml and  e x t r a c t i n g  t h e  

reac t ion  m i x t u r e  with nHeptane.  A typical  reac t ion  of T4 is shown in 
F igure  2. In t h e  f igure,  c h r o m a t o g r a m  (a)  shows t h e  H P L C  elut ion p a t t e r n  

obta ined  a f t e r  20 u g  of T4 w a s  di luted to  420 ul with sodium carbonate 
b u f f e r / a c e t o n e  (50/50 v/v) a n d  5 ul was  i n j e c t e d  on  column.  
C h r o m a t o g r a m  (b) shows t h e  resu l t  of a 20 u g  T4 level  r e a c t e d  as 

descr ibed in methods  and  a 5 ul s a m p l e  i n j e c t e d  on  column. 

C h r o m a t o g r a m  (c)  i s  t h e  corresponding f luorescence  to t h e  dansyl T4 

shown in (b). 

Reac t ion  In S i t e  Ident i f icat ion 

Dansyl chlor ide will r e a c t  specif ical ly  with pr imary  a m i n o  and 

phenol groups. However ,  when t h e s e  t w o  groups a r e  p r e s e n t  on t h e  s a m e  
compound mono and didansyl der iva t ives  a r e  formed.  These  der iva t ives  

a r e  easi ly  s e p a r a t e d  by r e v e r s e  phase liquid chromatography.  In t h e  case 
of iodoarnino acids ,  it was found t h a t  i f  iodide is present  at e i t h e r  position 
3' and 5' or  both t h e n  dansyl chlor ide will no t  r e a c t  with t h e  phenol group 
(4'-OH position). Four s p e c i f i c  iodocompounds were  chosen and  s tudied  
f o r  the conf i rmat ion  of t h e  r e a c t i o n  s i t e  ( see  F igure  3). 

Conf i r tnat ion was achieved  with t h e  r e a c t i o n  and chromatography as 

descr ibed in t h e  methods  sec t ion  (see F igure  2). The chromatography was  
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Figure 2 

Dans ylation of T4 (3,3', 5,5' t e t ra iodoth  yronine). 
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Chrorna togram (a)  

r e f l e c t s  a 238 ng T4 non-derivat iz td  cornpared to a dansyl der iva t ive  T4 

(b). The absorbance response was cornpared to f luorescence  as shown in 

(b) versus  (c). The samples  w e r e  appl ied to a r e v e r s e  phase sys tem using a 
convex gradient  (No. 5) of changing solvent .  A 60 m i n u t e  convex g r a d i e n t  

prograrn (No. 5 )  beginning a t  ACN/I% Glacia l  ( 1  5:85, v/v) a n d  ending with 
A C N / l %  Glacial  (50:50, v/v)  at a flow rate of 1.5 mil/min. 
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DANSYL-THYROXINE IN FEMTOMOLE RANGE 819  

REACTION SITE IDENTIFICATION 

3. 3: 5 TRIIODOTHYRO ACETIC ACID 

I I 

3, 3',5,5' T E T R A  IODOTHYROACETIC ACID 

NO REACTION 

NO REACTION 

I 

( d )  

I 
3 ,  5 DllODO T H Y ROPROPlONlC ACID 

POSITIVE 
REACTION 

POSIT I V E 
R E A C T I O N  

Figure 3 

React ion  S i t e  ldentif icat ion - G r o u p  site r e a c t i o n s  w e r e  ident i f ied a f t e r  

e a c h  s tandard  was dansylated and  chroinatographed.  
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820 BONGLOVANNI ET AL.  

3 5 3' 5' N H2 OH 
J J J 

J J  J J 

J J J  J - 
J J J J  J - 

specific for the characterization of the reagents (dansyl chloride and 

iodoainino acid) and product forrnation. Because the product fluoresces, it 

was verified by post column detection w i t h  the Fluoro-Monitor. As shown 
in Figure 2, a decrease of the  non-dansylated iodoarnino acid peak wi th  a 
corresponding formation of a new peak verified by fluorescence was 

classified as a positive reaction (see Figure 3) .  In  t h e  figure, t h e  triiodo 

and tetraiodo-thyroacetic acid did not react with dansyl chloride, 
presumably due  to steric hindrance from t h e  iodide groups at  positions 3' 

and 5', Dansyl reacted wi th  t he  prirnary arnino group i n  all cases. The 

results of the study are  summarized in Figure 4. 

1 

_- 

H o b  o-&cH2 - c H  I - c o w  

5 N H 2  

t 
R, S I T E  

I 5' 
R, S ITE 

I -- I I O D I D E  GROUP SITE F LU OR E SC EN CE RE ACT ION 

Figure 4 

Derivative f orrnati on with I-dimethylarninonaphtalene- 5-Sulf onyl Chloride 
(Dans yl-CI 1. 
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DANSYL-THYROXINE IN FEMTOMOLE RANGE 82 1 

Activation and fluorescence spectra of DANS derivatives. I A 1 DANS Tyrosins, I o 1 DANS.14, 
10 I Dansic Acid : Solvent: Methanol Glacial Acetic Acid (99:lI 

Figure 5 

Activation and fluorescence of Dansyl-derivatives. (A)  Dansyl-Thyrosine, 

(0) Dansyl-T4, (D) Dansic Acid; Solvent: Methanol-Glacial Acetic Acid 

(99:l). 

The spectral properties of three dansyl derivatives were compared. 

The spectras for T4, tyrosine and dansic acid are shown i n  Figure 5. It 

was noted that the fluorescence excitation of dansyl T4 was shorter than 

tyrosine or dansic acid. Because spectral properties of dansyl derivatives 

are profoundly changed by solvents, absorption to  active surfaces and pH, 

the results shown i n  the figure are i n  agreement with Siler's (13) results 

concerning arnino, phenol and amino-phenol derivatives. The interesting 

point i s  that fluorescence excitation and emission maxima of compounds 

with primary amino groups are at shorter wavelengths than those with 

phenol or amino-phenol groups. 
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Lineari ty  And Sensi t ivi ty  

Thyroxine (T4) was r e a c t e d  and  chrornatographed as descr ibed in 

methods.  The der ivat ive was found to  be s t a b l e  for severa l  days and t h e  

concent ra t ion  versus f luorescence  response was l inear  i n  t h e  picornole as 

well as ferntornolc range.  Concent ra t ions  b e t w e e n  10 picomoles  to 100 

ferritornoles of Dansyl T4 w e r e  d i rec t ly  cornparcd to  re la t ive  f luorescence  

response. The r e g r a s i o n  equat ion  of t h e  aqueous  s t a n d a r d s  was y 7.5 x 

t 0.08 with a coef f ic ien t  of de tc r ln ina t ion  of R 2 = 0.99. 

CONCLUSIONS 

The use of pre-coluinn der iva t iza t ion  will improve t h e  sens i t iv i ty  of 

the  iodoarnino acids  with rncasurernents  in t h e  picornole t o  feintoinole  

range. The proposed rnethod see ins  to be promising f o r  t h e  se lec t ive  

de tec t ion  of iodoainino acids  by f luorescence  a m o r e  sens i t ive  technique  
when compared  t o  ul t raviolet  de tec t ion .  
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FOOTNOTES 

BONGIOVANNI ET AL.  

The opinions o r  asser t ions conta ined  here in  a r e  t h e  p r i v a t e  views of t h e  

a u t h o r s  and  a r e  not  to  be c o n s t r u e d  as official o r  r e f l e c t i n g  t h e  views of 

the  Depar t rnent  of t h e  Army o r  t h e  D e p a r t m e n t  of Defense.  
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