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Summary: Amino ac ids and d i p e p t i d e s  may be i d e n t i f i e d  from 
the mass spec t ra  of  t h e i r  d e r i v a t i v e s  w i th  4 - p h e n y l s p i r o - [ f u r a n -  
2 ( 3 H ) , l ' - p h t h a l a n ] - 3 , 3 ' - d i o ~ e  ( f l u o r e s c a m i n e )  or 2 -me thoxy -2 ,4 -  
d i p h e n y l - 3 ( 2 H ) - f u r a n o n e  (MDPF). These compounds may a lso be used 
f o r  the d e t e r m i n a t i o n  of  the N- te rm ina l  amino ac ids of  pep t i des .  

B i o l o g i c a l  s t u d i e s  are i d e n t i f y i n g  many p r o t e i n - c o n t a i n i n g  

m a t e r i a l s ,  o b t a i n a b l e  in on l y  small  q u a n t i t i e s ,  f o r  which m ic ro -  

methods of  sequencing are needed. One p romis ing  approach u t i l i z e s  

d i p e p t i d y l a m i n o p e p t i d a s e  I (DAPI) ( I ) .  The sequence is  deduced 

from the o v e r l a p p i n g  d i p e p t i d e s  ob ta ined  by enzymic d i g e s t i o n  of  

the i n t a c t  p o l y p e p t i d e  and the p o l y p e p t i d e  w i t h  the N- te rm ina l  

amino ac id  removed by a s i n g l e  Edman deg rada t i on .  The d i p e p t i d e s  

have been separated and i d e n t i f i e d  by means o f  paper and column 

chromatography ( 2 ) ,  by t h i n  l a y e r  chromatography of  t h e i r  dan- 

s y l a t e d  d e r i v a t i v e s  ( 3 ) ,  and by mass spec t romet ry  of  va r i ous  

v o l a t i l e  d e r i v a t i v e s .  These d e r i v a t i v e s  have i nc l uded  penta-  

f l u o r o p r o p i o n y l  methyl es te r s  ( 4 ) ,  N - a c e t y l a c e t o n y l  methyl es te rs  

(5) and t r i m e t h y l s i l y l  d e r i v a t i v e s  (6 ) .  

This r e p o r t  deals w i t h  the mass s p e c t r o m e t r i c  i d e n t i f i c a t i o n  

of  d i p e p t i d e s  as d e r i v a t i v e s  of  4 - p h e n y l s p i r o - [ f u r a n - 2 ( 3 H ) , l ' -  

p h t h a l a n ] - 3 , 3 ' d i o n e  ( f l u o r e s c a m i n e )  ( I )  and of  2 -me thoxy -2 ,4 -  

d i p h e n y l - 3 ( 2 H ) - f u r a n o n e  (MDPF) ( I I ) .  
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I I I  

F luorescamine was f i r s t  recogn ized  in the f l u o r o g e n i c  n i nhy -  

d r i n  r e a c t i o n  of  Samejima e t  a l .  ( 7 ) .  Fo l l ow ing  the e l u c i d a t i o n  

of  the s t r u c t u r e  of  the r e a c t i o n  p roduc ts  ( 8 ) ,  f l uo rescamine  was 

s y n t h e s i z e d  by Weigele ( 9 ) .  The h i g h l y  f l u o r e s c e n t  p roduc ts  

formed a f t e r  r e a c t i o n  of  f l uo rescamine  w i th  amino a c i d s ,  pep- 

t ides, proteins and primary amines may be used as the basis for 

t h e i r  s e n s i t i v e  assay ( I 0 , I I ) .  F luorescamine may a lso be used 

f o r  the d e t e c t i o n  of  pep t ides  in column e f f l u e n t s  (12 ) .  The 

r e l a t e d  compound MDPF was a lso  syn thes i zed  by Weigele e t  a l .  (13) 

and has been used f o r  the f l u o r e s c e n t  l a b e l i n g  of  p r o t e i n s .  

M a t e r i a l s  and Methods: F luorescamine and MDPF were ob ta ined  
from Hoffmann-La Roche I n c . ,  N u t l e y ,  New Je rsey .  

Amino ac ids  and d i p e p t i d e s  were ob ta ined  from Cyclo Chem- 
i c a l ,  Los Angeles.  

D e r i v a t i v e s  were r o u t i n e l y  prepared by adding I00 ~I o f  a 
0.2% s o l u t i o n  of  f l uo rescam ine  in acetone to an equal volume of  
a 7.2mM s o l u t i o n  of  the d i p e p t i d e  in O.2M p y r i d i n e .  In the case 
of  MDPF-d ipep t ides ,  d i m e t h y l b e n z y l a m i n e - a c e t a t e  b u f f e r  (Beckman 
Sequanal grade) was used in p lace of  p y r i d i n e .  The r e a c t i o n  
m i x tu re  was evapora ted  to dryness in a vacuum d e s s i c a t o r .  A 
p o r t i o n  of  the res idue  was i n t r o d u c e d  to the mass spec t rome te r  
using a hea tab le  d i r e c t  i n s e r t i o n  probe.  

Mass spec t ra  were ob ta ined  on a Dupont I ns t rumen ts  Model 21- 
492B double f ocus ing  mass spec t rome te r  in the e le .c t ron i o n i z a t i o n  
mode. Scans were taken from 200°C to 400°C under c o n t r o l  o f  a 
probe tempera tu re  programer ,  us ing an i o n i z i n g  p o t e n t i a l  o f  70eV. 
Spect ra  were processed using a Dupont 21-094B d isc  based data 
system. 

For the i d e n t i f i c a t i o n  o f  N - t e rm ina l  amino ac ids  the pep- 
t i d e s  were t r e a t e d  as desc r ibed  above fo l l owed  by h y d r o l y s i s  in 
1 ml o f  6N HCI at  I I 0  ° f o r  24 hours.  An e t h y l a c e t a t e  e x t r a c t  
o f  the h y d r o l y s i s  m ix tu re  was evapora ted to dryness under a 
n i t r o g e n  s t ream, and a p o r t i o n  of  the res idue  was p laced in the 
d i r e c t  probe o f  the mass spec t rome te r .  
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Results and Discuss ion:  Figure 1 presents r ep resen ta t i ve  

spect ra ,  which are the d i r e c t  output  of the data system. For 

most of the d ipep t ides  examined to date,  the base peak appears 

to correspond to the ketene of the l ac ton i zed  f luorescamine or 

MDPF-dipeptide d e r i v a t i v e °  These spectra are remarkable in t h e i r  

lack of f ragmenta t ion .  The small amount of f ragmentat ion tha t  

does occur is sometimes s u f f i c i e n t  to e s t a b l i s h  the order of the 

amino acids in the d i pep t i de ,  in o ther  cases, i t  is necessary 

to hydro lyze the d ipep t ide  d e r i v a t i v e  as descr ibed above and 

i d e n t i f y  the N- termina l  amino acid from i t s  mass spectrum (F ig -  

ures ID and IH) .  Figure ID is the spectrum of the h y d r o l y s i s  

product of  the d ipep t ide  d e r i v a t i v e  whose spectrum is shown in 

Figure IC. 

These r e s u l t s  suggest tha t  the f luorescamine and MDPF d e r i v -  

a t i ves  of pept ides and amino acids possess several advantages 

for  the e l u c i d a t i o n  of pept ide sequences by mass spect ra l  exami- 

na t ion .  The i r  f luorescence prov ides a s e n s i t i v e  method to fo l l ow  

t h e i r  i s o l a t i o n  (12) .  They gene ra l l y  possess s u f f i c i e n t  vo la -  

t i l i t y  f o r  mass spect ra l  examinat ion.  The c o n t r i b u t i o n  of the 

f luorescamine and MDPF residues to the molecular  weight moves the 

c h a r a c t e r i s t i c  spect ra l  l i nes  to a r e l a t i v e l y  unc lu t t e red  region 

of the spectrum. The a r o m a t i c i t y  of these residues appears to 

exer t  a s t a b i l i z i n g  e f f e c t  leading to a s u r p r i s i n g  absence of 

f ragmenta t ion .  

Although some amino acids present  specia l  v o l a t i l i t y  prob- 

lems, which lead to somewhat more complex spectra than those 

Figure I. Spectra of fluorescamine and MDPF derivatives. Spectra 
ID and IH are of the hydrolytic products of fluorescamine- 
phenylalanylleucine and MDPF-threonylalanine, respectively. It is 
assumed that the fluorescamine derivatives convert to the lactone 
form on the heated probe. 
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presented here, these spectra are s u f f i c i e n t l y  c h a r a c t e r i s t i c  to 

permit  i d e n t i f i c a t i o n °  The nature of these f ragmentat ion path-  

ways and the exper imental  techniques to prov ide the most ready 

i d e n t i f i c a t i o n  of these d e r i v a t i v e s  are being s tud ied ,  

This research was supported by Grants CA 12631 and CA 16434 
and Contract  NOI-CB-23877 from the Nat ional  Cancer I n s t i t u t e  and 
by the S tua r t  L. Bernath Cancer Research Fund. 
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