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SUMMARY 

The majori ty  of f o l a t e s  e x i s t i n g  i n  n a t u r e  a r e  of the pteroylpolyglutamyl 

form and a re  unable t o  support  Lac tobac i l l u s  casei growth u n t i l  the 8-linked 

glutamyls are digested by conjugase enzyues.  Most s t u d i e s  involving f o l a t e  

absorpt ion have u t i l i z e d  monoglutamyl forms of f o l a t e ,  p r imar i ly  f o l i c  ac id .  

Syn the t i c  pteroylpolyglutamates prepared by s o l i d  phase o r  conllentional 

s y n t h e s i s  provided conjugated materials with which t o  s tudy  the absorpt ion and 

uetabol ism of n a t u r a l  d e r i v a t i w s ;  h o w w r ,  t h e  s y n t h e t i c  hepataglutamates 

support  microbiological  growth p r i o r  t o  enzymatic hydrolysis  whereas t h e  

n a t u r a l  conjugates  do n o t .  Incomplete p u r i f i c a t i o n  of i n t e r m d i a t e  pept ides  

during the s y n t h e s i s  would be the most l i k e l y  explanat ion of t h i s  growth 

phenomnon. A modified so lu t ion  s y n t h e s i s  has been developed which improws 

upon intermediate  peptide condensations,  i nc reases  product y i e l d s ,  and 

provides a heptapept ide which does n o t  support  microbiological  growth u n t i l  

a f t e r  enzymatic hydrolysis .  

Key words : pteroylpolyglutamic a c i d ,  f o l i c  a c i d ,  pheroylheptaglutamic ac id  

INTRODUCTION 

Dietary f o l a t e s  e x i s t  p r imar i ly  a s  reduced polyglutamic forms of f o l i c  

ac id  with up t o  seven 8-linked glutamyl r e s idues .  Humans a re  incapable of 
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s y n t h e s i z i n g  their t o t a l  minimal d a i l y  requirement  of f o l i c  a c i d ,  and remain 

dependent upon i n t e s t i n a l  abso rp t ion  of i nges t ed  f o l a t e s .  Fo la t e  d e f i c i e n c i e s  

caused by g a s t r o i n t e s t i n a l  d i s e a s e s  can r e s u l t  from the i n a b i l i t y  of the 

i n d i v i d u a l  t o  e i t h e r  metabolize o r  t r a n s p o r t  f o l a t e  a c r o s s  the i n t e s t i n a l  

w a l l .  

D i f f i c u l t y  i n  p u r i f y i n g  small q u a n t i t i e s  of polyglutamates  from y e a s t  

e x t r a c t  prompted sewral i n v e s t i g a t o r s  t o  s y n t h e s i z e  polyglutamyl f o l a t e s  

possessing growth c h a r a c t e r i s t i c s  of n a t u r a l  " f e rmen ta t ion  f a c t o r "  (1).  The 

conjugated f o l a t e s  are n o t  absorbed as r e a d i l y  as f r e e  f o l a t e  bu t  f u r t h e r  

s t u d i e s  are requ i r ed  t o  determine whether g a s t r o i n t e s t i n a l  abso rp t ion  involves  

an a c t i v e  o r  passive process .  Oxidized con juga te s  are u t i l i z e d  t o  s t u d y  

enzymatic &con juga t ion  and f o l a t e  t r a n s p o r t  because of t he  uns t ab le  n a t u r e  of 

reduced f o l a t e s .  Although polyglutamates  have been syn thes i zed  by solid-phase 

( 2 )  and solution-phase techniques ( 3 ) ,  t h e r e  has  been con t rove r sy  about  p u r i t y  

of f i n a l  products.  Tamura e t  a l .  ( 4 )  u s ing  the solid-phase m t h o d  r epor t ed  a 

d e f i n i t e  growth response t o  L a c t o b a c i l l u s  casei on i nc reased  chain l e n g t h s  of 

polyglutamates p r i o r  t o  t r ea tmen t  w i th  e n z y m  conjugase (glutamate 

c a r b o x y p p t i d a s e  EC 3.4.12.10) (5) ,  and e x p l a i n s  t h i s  obse rva t ion  as a 

phenomnon c a l l e d  " p o s i t i v e  d r i f t " .  

p u r i t y  of solid-phase products  which l ed  t o  the second m t h o d  f o r  p repa ra t ion  

of t he  poly-8-glutamates by solut ion-phase s y n t h e s i s .  

more than t h r e e  glutamic ac id  r e s i d u e s  have been produced by convent ional  

s y n t h e s i s  i n  our l a b o r a t o r y  and show t h e  same phenomenon of L a c t o b a c i l l u s  

casei growth wi th  up t o  20% t o t a l  f o l a t e  a c t i v i t y  f o r  h ighe r  con juga te s  p r i o r  

t o  enzymatic  hydro lys i s .  

Godwin e t  a l .  ( 6 )  a l s o  ques t ioned  the 

S i m i l a r  con juga te s  with 

Through a modified s o l u t i o n  s y n t h e s i s  rrethod we have i d e n t i f i e d  t h a t  

glutamates  prepared by solution-phase s y n t h e s i s  con ta in  i m p u r i t i e s  which a r i s e  

from an accumulation of contaminat ing in t e rmed ia t e s  produced by incomplete 

p u r i f i c a t i o n  m t h o d s .  

The purpose of t h i s  paper was: 1) t o  i d e n t i f y  the problem s i tes  i n  the 

s o l u t i o n  s y n t h e s i s  of 8- l inked glutamyl  p e p t i d e s  and i n  the p repa ra t ion  of 

CF3CO-Pte, 2 )  t o  d e s c r i b e  the  modified s y n t h e s i s  and improved p u r i f i c a t i o n  
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techniques t h a t  e l i m i n a t e  and circumvent the problems, and 3 )  t o  provide 

complete d a t a  of a l l  p u r i f i e d  intermediates .  

MATERIALS 

The fol lowing chemicals rare obtained from the sources  ind ica t ed :  L-[U- 

I4C] Glutamic a c i d  ( s p e c i f i c  r a d i o a c t i v i t y  240 mC/mmol) was from I C N  

Pharmaceut icals ,  Inc.  ( I r v i n e ,  C a l i f o r n i a ,  U.S.A.); Sephadex LH-20 w a s  

purchased from Pharmacia (Uppsala, Sweden); Whatman c e l l u l o s e  porar  CF-11 was 

from H. Reeve Angel Inc.  ( C l i f t o n ,  New J e r s e y ,  U.S.A.); Z-Gh(DCHA)-OBut was 

from BACHEM Inc .  (Marina E e l  Rey, C a l i f o r n i a ,  U.S.A.); GluOButZ, HC1 was 

purchased from Sigma Chemical Inc.  (St .  Louis,  Missouri ,  U.S.A.) and 

c r y s t a l l i z e d  twice from ether /hexane before  use ;  N,N-diuethylformamide and 

e t h y l  acetate e r e  from F i s h e r  Chemical (P i t t sbu rgh ,  Pennsylvania,  U.S.A.) and 

both r a r e  d i s t i l l e d  be fo re  use ; N-ue t h y l m r p h o l i n e  and isobutylchloroformate 

were from P ie rce  (Rockford, I l l i n o i s ,  U.S.A.). Lac tobac i l l u s  c a s e i  (A.T.C.C. 

7469), Flavobactarium s t r a i n  HY (A.T.C.C. 25012) and Pseudomonas (A.T.C.C. 

25301) e r e  obtained from the American T y p  Cu l tu re  Co l l ec t ion  (Rockv i l l e ,  

Maryland, U.S.A.). All o t h e r  chemicals =re of a n a l y t i c a l  grade.  

The s c i n t i l l a t i o n  s o l u t i o n  f o r  r ad ioac t ive  determinat ions contained 24g 

of F luo ra l loy  TLA and 380 m l  of Bio-Solv (BBS-3) from Beckman Instruments  Inc.  

( F u l l e r t o n ,  C a l i f o r n i a ,  U.S.A.) and s u f f i c i e n t  toluene t o  make a t o t a l  volume 

of 3.8 l i t r e s .  

Microelemental analyses  he r e  determined by Ga lb ra i th  Labora to r i e s  

(Knoxvil le ,  Tennessee,  U.S.A.). Abbreviat ions f o r  lesser-know 

s u b s t i t w n t s :  

t r i f l u o r o a c e  t y l ;  Pte  , P t e r o i c  a c i d ;  DCHA, dicyclohexylammonium sa l t ;  N-MM, N- 

me thylmorpholine ; isoBuOCOC1, isobutylchloroformate ; ET02, ether. 

dilrethylformamide ; TEA, t r i e thy lamine .  Abbreviated forms of amino a c i d  

d e r i v a t i v e s  conform t o  the t e n t a t i v e  r u l e s  of the IUPAC-IUB Commission on 

Z ,  benzyloxycarbonyl;  OBut, tu-butyl ester; CF3C0, 

DMF, N,N-  

Biochemical Nomenclature (1972). The g lu t amic  a c i d  r e s idues  rare of t he  G 

conf igu ra t ion .  



740 

METHODS AND RESULTS 

C. R. Ferenz and D.  Y. Graham 

Preparat ion of the S t a r t i n g  Esters 

Z-G~U(OH)-OBU~ (I)  The dlcyclohexylammonium sa l t  of 

benzyloxycarbanylglutamic acid-k-t-butyl ester was removed by 

suspending the s a l t  [2.50 g ,  2.80 mmol] I n  e t h y l  a c e t a t e  and 

e x t r a c t i n g  wi th  48 m l  of 0.05 M-H2S04 u n t i l  the pH of the aqueous 

so lu t ion  remained a c i d i c  and the  s a l t  was t o t a l l y  s o l u b i l i z e d .  The 

organic  l a y e r  w a s  e x t r a c t e d  w i t h  water  and the aqueous l a y e r  was 

back e x t r a c t e d  with e t h y l  a c e t a t e .  Af t e r  d ry ing  o E r  M g S 0 4 ,  the  

e t h y l  a c e t a t e  l a y e r  was removed under reduced p res su re  and the o i l  

c r y s t a l l i z e d  one t i m e  from e t h e r / l i g h t  petroleum (b.p. 3 C + 6 O o C ) .  

2. Prroaralion 01 GIU-IOBU~I,. HCI and r8mwII d the chlwlde Ylt : 

Scheme 1. Step-wise preparat ion of 8-linked heptaglutamic ac id .  

The c r y s t a l l i n e  ma te r i a l  was chromotographed over a Sephadex LH- 

20/ethanol colunm (5.5 cm x 200 cm) and monitored a t  280 nm. 
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+H2. 

Benzyloxycarbonyl-glutamic acid-8-t-butyl e s t e r  (I) ;  [ 1.50 g ,  4.40 

m m l ]  was c r y s t a l l i z e d  from e t h e r / l i g h t  petroleum (b.p. 30-6OOC); 

m.p. 81-82°C; [x]i1-15.4 ( c l ,  methanol (Table 2) 

-GluOBut2 (11) The glutamic acid-di-t-butyl e s t e r  hydrochloride s a l t  

w a s  c r y s t a l l i z e d  from ether lhexane to  remove impur i t i e s ;  m.p. 110- 

112OC ( L i t .  116-117OC); [8]i1+19.6 (c2,  m t h a n o l ) ;  o r  w a s  prepared 

from the f r e e  amlne by r eac t ion  of glutamic a c i d  with isobutylene i n  

a mixture of ch lo ro fo rm/su l fu r i c  ac id  following the procedure of 

Kramkr (7) .  Glutamic a c i d  [0.44 g ,  3 m m l ]  (L-[IJ-14C] glutamlc 

a c i d ,  1 mC, s p e c i f i c  a c t i v i t y  240 mC/mmol) was suspended in 15 m l  of 

chloroform i n  a pressure vessel; 0.3 ml of concentrated s u l f u r i c  

ac id  w a s  added as a c a t a l y s t  and the suspension w a s  cooled t o  -7O’C 

i n  a s o l i d  C02-acetone bath.  

added and the mixture w a s  allowed t o  r e a c t  a t  room temperature wi th  

pe r iod ic  vortexing r n t i l  t h e  glutamic ac id  had t o t a l l y  s o l u b i l i z e d  

(about  3 days).  

isobutylene was  a i r  evaporated i n  the hood. T h e  a c i d  was 

n e u t r a l i z e d  t o  pH 7.2 w i t h  KHC03(22 g /50  ml). The chloroform l a y e r  

was sepa ra t ed ,  washed with water ,  d r i e d  o w r  &SO4 and concentrated 

under vacuum t o  an o i l .  Treatment of t he  di-t-butyl ester i n  

chloroform with excess  HC1 gas produced the hydrochloride sal t .  The 

r e s i d u a l  o i l  was scratched under hexane a t  -30°C t o  y i e l d  an 

amorphous s o l i d  which w a s  i m m d i a t e l y  washed with cold hexane and 

d r i e d  f o r  24 h over  NaOH pellets. The semi-crystal l ine ma te r i a l  w a s  

r e c r y s t a l l i z e d  from ether /hexane.  Yield 67%, [0.59 g ,  2 m m l ] ,  m.p. 

Condensed isobutylene (15 m l )  was 

The v e s s e l  was opened a t  - 7 O O C  and excess  

103-106°C. 

The di-t-butyl glutamic acid w a s  l i b e r a t e d  from its 

hydrochloride salt p r i o r  t o  condensation: 1 )  by t r e a t m n t  with an 

aqueous a l k a l i  and e x t r a c t i o n  i n t o  e t h y l  acetate o r  2 )  by t reatment  

with a base such as t r i e thy lamine  o r  N-methylmrphollne i n  e t h y l  

a c e t a t e .  The a d d i t i o n  of dry ether completely p r e c i p i t a t e d  the HC1 
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sa l t  which was removed by f i l t r a t i o n  and the f r e e  amine w a s  d r i e d  

and concen t r a t ed  i n  vacuo t o  a semi -c rys t a l l i ne  o i l  (11) and used 

d i r e c t l y  i n  the condensation r e a c t i o n .  See Table 1 f o r  

c hr om0 tography . 

Mixed Anhydride Condensation 

To a s t i r r e d  s o l u t i o n  of (I)  [2.0 g ,  5.9 mml] i n  d i s t i l l e d  e t h y l  acetate 

a t  -3O'C was added a s l i g h t  excess  of N-uethylmorpholine [0.67 m l ,  6 m m l ]  and 

an e q u i v a l e n t  amount of i s o b u t y l c h l o r o f o m a t e  [0.78 m l ,  5.9 m m l ] .  Immdia te  

sa l t  p r e c i p i t a t i o n  i n d i c a t e d  formation of the mixed anhydride ( I a ) ,  and the 

f r e e  amine (11) [1.52 g ,  5.87 mmol] w a s  added i n  e t h y l  acetate. Thin l a y e r  

chromatography on s i l i c a  g e l  i n  ETOAc i n d i c a t e d  t h a t  the ma jo r i ty  of the f r e e  

amine condensed wi th in  5 min. and the s o l u t i o n  was a l l o w d  t o  s t i r  8-10 h a t  

room t e m p r a t u r e  u n t i l  no f r e e  amine was  d e t e c t e d  on chromatography wi th  

fluorescamine (8) .  The r e a c t i o n  w a s  f i l t e r e d  t o  remove N-rrethylmorpholine HCI 

and the o rgan ic  layer was washed wi th  s a t u r a t e d  Na2C03 and water. 

backwashing wi th  e t h y l  acetate and drying ove r  MgSOq tk s o l v e n t  was reduced 

t o  a semi -c rys t a l l i ne  o i l  and the  condensed product was chromatographed on a 

Sephadex LH-ZO/ethanol column (5.5 c m  x 200 c m )  w i t h  a flow rate of 60 ml/h 

and 15 m l  c o l l e c t i o n s  monitored a t  280 nm. After a vo lum of approximately 

1500 m l ,  the main peak con ta in ing  product  (111) was i d e n t i f i e d  as a s i n g l e  

s p o t  on s i l i c a  g e l  at RF of 0.90 (Table 1) and the f r a c t i o n s  *re combined and 

evaporated.  The Z-Glu20But3 (111) was c r y s t a l l i z e d  ( t w i c e )  from 

ether /hexane.  

E t h a n o l )  (Table 2). 

After  

Yield 89%, l3.2 g ,  5.2 m m l ]  m.p. 85-86'C; [ ];l-26.6 ( c l ,  

Removal of the Benzyloxycarbonyl Group 

The Benzyloxycarbonyl group was chosen as the p r o t e c t i n g  group f o r  

g lu t amic  a c i d  because of i t s  selective removal du r ing  c a t a l y t i c  hydrogenation 

i n  the presence of the -OBut groups.  

vigorously s t i r r e d  i n  a s o l u t i o n  of E t h a n o l ,  two drops of HOAc, and 

approximately 100 mg of f r e s h l y  prepared pal ladium c a t a l y s t  (Pd cm cha rcoa l  

The pep t ide  t o  be hydrogenated was 



Synthesis of ''C-Polyglutamates of Folic Acid 

Table 1. Thin layer  chromotography of polyglutamyl pept ides  
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Laye rs * s1 s2 s1 s1 s 2  s2  
Solvent** A1 A2 A2 A 3  A4 A5 
Solvent f r o n t  i n  cm. 13 13 13 8 10 10 

GluOBu;, HC1 0.75 0.98 

Z - G ~ ~ ( O H  1 - 0 ~ ~ ~  0.85 0.50 0.85 0.50 0.79 

z - G ~ ~ ( o B ~ ~ ) - o H  0.85 0.50 0.85 0.56 0.74 

+ H ~ - G ~ ~ o B ~ :  *** 0.78 0.69 0.77 0.98 

z - ~ i u  2~~~ 5 0.90 0.64 0.94 0.83 0.95 

+ H ~ - G ~ U ~ O B ~ :  0.36 

Z - G ~ ~ ~ O B ~ :  0.91 0.38 0.75 0.85 0.95 

+ H ~ - G ~ u ~ o B ~ ~  0.25 

Z - G ~ U ~ O B ~ $  0.91 0.15 0.56 0.89 0.95 

0.89 0.13 0.39 0.89 0.95 Z-Glu50Bu6 t 

+ H ~ - G ~ ~ ~ o B U ~  0.17 

z - ~ i u  6 ~ ~ u :  0.88 0.11 0.36 0.89 0.96 

+ H ~ - G I ~  6 ~ ~ u ;  0.15 0.04 

z-Giu7 O B ~ ~  0.89 0.08 0.89 0.96 

+ H ~ - G I ~ ~ O B ~ ;  0.15 

CF3CO-Pte 0.73 

CF3CO-PteGlu30Bui 

CF3CO-PteGlu70Bui 

0.86 

0.92 

* = 0.25 mm p l a t e s  5 cm x 20 cm. Layers: 
a c t i v a t e d  80°,  S2 = S i l i c a  gel-glass-brinkman a i r  d r ied  

** = Spotted 5ug/ul.  
(35:25), A - 15% (v/v)  ammonium hydroxide/sec-butanol (3:17), A4 = 
Me thanol /c2 l~roform ( 1: 9 ) ,  A5 = Methanol 

*** = Free amines =re detected with Fluorescamine (8)  

S1 = S i l i c a  gel-glass-Brinkman 

Solvsnt :  A1 = Ethyl  a c e t a t e ,  A2 = Ethyl acetate/hexane 
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was n o t  a s  e f f e c t i v e )  i n  the presence of a n i t rogen  b a r r i e r .  Hydrogen gas w a s  

bubbled through the s o l u t i o n  and the evo lu t ion  of C 0 2  w a s  monitored by BaC03 

p r e c i p i t a t i o n  i n  s a t u r a t e d  Ba(OHl2. 

pept ides .  

evaporated t o  a semi-crystal l ine o i l .  

added d i r e c t l y  t o  the mixed anhydride condensation. 

See Table 1 f o r  RFs of hydrogenated 

The c a t a l y s t  was f i l t e r e d ,  washed wi th  methanol, and the E t h a n o l  

The f r e e  amine was d r i e d  o w r  P205 and 

Elongation of t he  Peptide Chain 

Ful ly  protected pept ides  containing from two t o  six glutamic ac id  

r e s id - s ,  Z-Glu(2-6)OBut(3_7) were hydrogenated as needed by the  above 

procedure. The removal of the benzyloxycarbonyl group was u s u a l l y  completed 

within two hours,  and the d r i e d  ma te r i a l  was added t o  the mixed anydride 

preparat ion of compound (I) as previously discussed.  Af t e r  condensation each 

intermediate  was p u r i f i e d  by chromatography over a Sephadex LH-20/ethanol 

c o l u m  (5.5 an x 200 cm). The f r e e  8-acid (I) and Z-Glu(2-4)0But(3_5) were 

monitored a t  280 nm o r  272 nm. 

7)0But(6-8), the absorpt ion s h i f t e d  downscale, and the longer  pept ides  wre 

monitored a t  230 nm and 280 nm ( t o  d e t e c t  any m r e a c t e d  Z-Gh(OH)-OBut). 

Peaks were i d e n t i f i e d  by t.1.c. (Table l ) ,  d r i e d  over MgS04, and evaporated t o  

dryness.  The residues = r e  c r y s t a l l i z e d  from either ether /hexane o r  

ETOAc/hexane. Yields averaged 80%. See Table 2 f o r  e lemental  da t a .  

A s  the  pept ide chain increased t o  Z-Glu(5- 

Preparat ion of N1O-trifluoroacetylpteroic ac id  (CF.CO-Pte) 

P te ro i c  acid was prepared from f o l i c  acid by the method of Houlihan e t  

a l .  (9 )  using a Pseudomanas (A.T.C.C. 25301). The organism was cu l tu red  i n  a 

nutr ient-glutamic ac id  b ro th  and t r a n s f e r r e d  t o  15 l i tres of a f o l i c  ac id  - 
sal ts  mdium a t  pH 7.3. The so lu t ion  was s t i r r e d  f o r  s i x  days a t  3OoC and 

r e f r i g e r a t e d  overnight  a t  4’C. 

ge l a t inous  p t e r o i c  ac id -ce l l  mixture which p r e c i p i t a t e d  during the  

incubat ion.  

cen t r i fuge  and washed ( tw ice )  with water. The p t e r o i c  a c i d  was dissolved i n  

950 m l  of 2% (w/v) Na2C03 containing 50 m l  of 1M-NaOH and separated from the 

in so lub le  cells by f i l t r a t i o n  on a Buchner funnel .  Free p t e r o i c  a c i d  was 

The clear supernate  w a s  decanted from the 

The mixture was cen t r i fuged  a t  9000 rev/min i n  a r e f r i g e r a t e d  
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p r e c i p i t a t e d  by c a r e f u l  a d j u s t u e n t  of t h e  supe rna te  t o  pH 3 wi th  2M-HC1 so a s  

t o  avoid formation of a red ge la t inous  complex which forms a t  pH 8 i f  the 

ma te r i a l  is r a p i d l y  p r e c i p i t a t e d  wi th  a c i d .  The product was washed ( tw ice )  

with water and lyoph i l i zed  t o  an orange powder. The sodium s a l t  was  formed by 

d i s so lv ing  the d r i ed  powder i n  a minimal amount of 2.5 M-NaOH wi th  warming t o  

40°C t o  e f f e c t  so lu t ion .  Cooling ove rn igh t  a t  4'C p r e c i p i t a t e d  sodium 

p t e r o a t e .  The sal t  was e x t r a c t e d  wi th  minimal amounts of warm water  and f r e e  

p t e r o i c  a c i d  was c a r e f u l l y  p r e c i p i t a t e d  using ZM-HC1. The p r e c i p i t a t e  was 

washed wi th  water and lyoph i l i zed  t o  an orange powder. P repa ra t ion  of p t e r o i c  

ac id  using the Flavobacterium s t r a i n  HY organism (A.T.C.C. 25012) and the  

method of P r a t t  e t  a l .  (10) produced a da rk  orange product having s i m i l a r  RFs 

t o  the p t e r o i c  ac id  prepared by the Pseudomonas. A f t e r  e l imina t ion  of heavy 

f luo rescen t  i m p u r i t i e s ,  y i e l d s  averaged 10-202 and the p r e c i p i t a t i o n  of the 

sodium s a l t  was o f t en  impossible even when ve ry  h igh  concen t r a t ions  of p t e r o i c  

ac id  were added t o  the  warm NaOH. The compounds shomd an u l t r a v i o l e t  

qwnched s p o t  with RF value of 0.92 and s t r o n g l y  f l u o r e s c e n t  i m p u r i t i e s  when 

chromatographed on s i l i c a  gel i n  10% (v/v)  NH40H. 

d issolved i n  0.1 M-glycine/NaOH (15% w/v a s c o r b i c  a c i d )  b u f f e r ,  purged with 

n i t r o g e n ,  and chromatographed on a c e l l u l o s e  CF-11 column (100 cm x 2.5 cm). 

Five mi l l i l i t e r  f r a c t i o n s  were c o l l e c t e d  and t h e  major u l t r a v i o l e t  absorbent 

s p o t  was i s o l a t e d  and p r e c i p i t a t e d  wi th  ZM-HC1. A f t e r  l y o p h i l i z a t i o n ,  the 

p u r i f i e d  p t e r o i c  a c i d  was i d e n t i f i e d  as a s i n g l e  u l t r a v i o l e t  absorbent  spo t  

having the u l t r a v i o l e t  spectrum and paper chromatographic behavior reported by 

Houlihan e t  a l .  (9 ) .  The modified procedure f o r  t he  p repa ra t ion  of p t e r o i c  

ac id  using the Pseudomonas averaged y i e l d s  of 85%. 

The p t e r o i c  acid was 

P t e r o i c  a c i d  11.5 g ,  4.8 mmol] w a s  s t i r r e d  i n  a round bottom f l a s k  with 

c a r e f u l  e l imina t ion  of moisture and t r i f l u o r o a c e t i c  anhydride (24 ml) was 

added dropwise over a per iod of 30 minutes us ing  a vented sepa ra to ry  funnel .  

Af t e r  t h ree  days,  the e x c e s s  anhydride w a s  evaporated under reduced pressure 

and the  creamy white p r e c i p i t a t e  washed on a s i n t e r e d  g l a s s  f i l t e r  with cold 

water .  The crude m a t e r i a l  was c r y s t a l l i z e d  from a mixture  of 

DMF/oEthanol/ethanol/water (6:10:3:60, by v o l )  by d i s s o l v i n g  the powder f i r s t  
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in  DMF/methanol/ethanol (6: 10:3 by v o l )  w i th  gen t l e  warming t o  40’C, f i l t e r i n g  

through Whatman #1 f i l t e r  paper,  and cool ing t o  room temperature.  Warm water 

w a s  added and slow evaporat ion yielded off-white c r y s t a l s .  Chromatography on 

s i l i c a  g e l  i nd ica t ed  gross  s t r e a k i n g  d w  t o  contamination. Repeated 

c r y s t a l l i z a t i o n s  yielded t r anspa ren t  c r y s t a l s  w i t h  a s i n g l e  f luo rescen t  spo t ,  

RF of 0.73 with over 50% l o s s  of product. 

c r y s t a l l i z a t i o n ,  small amounts of impure CF3CO-Pte were chromatographed on a 

Sephadex LH-20/DMF c o l u w  (60 cm x 1.8 cm) with 3 m l  c o l l e c t i o n s .  The main 

peak w a s  located by t.1.c. and a f t e r  cool ing t o  4°C in an i ce -e thano l  bath,  

ice water was added t o  p r e c i p i t a t e  c r y s t a l l i n e  CF3CO-Pte. 

e f f e c t i v e l y  e l imina ted  decomposition and r a i s e d  the y i e l d  t o  75%; m.p. 300’ 

(decomp). Ana ly t i ca l  da t a  appears i n  Table 2. 

A l t e r n a t e l y  a f t e r  one 

This procedure 

Condensation of CF,CO-Pte with the Blocked Pept ides  

The CF3CO-Pte and $-t-butyl-&glutamyl pep t ides  were condensed by the 

same mixed anhydride condensation procedure used e a r l i e r  f o r  the elongat ion of 

the peptide chain. 

4OoC i n  a closed vesse l  and a 10% excess  of Nlnethylmorpholine w a s  added 

f o l l o w d  by an equ iva len t  amomt of isobutylchloroformate.  The r eac t ion  was 

a l l o w d  t o  s t ir  f o r  7 min i n  an i c e  water bath.  Hydrochloride salt 

p r e c i p i t a t i o n  does n o t  occur i n  DMF. The blocked peptide of des i r ed  chain 

l e n g t h  was hydrogenated in m t hano l  using f r e s h l y  prepared palladium c a t a l y s t  

p r i o r  t o  the mixed anhydride condensation, and added t o  the mixed anhydride i n  

a minimal amount of d i s t i l l e d  DMF. The condensation r eac t ion  was followed on 

t .  1.c. by v i s u a l l y  monitoring the conversion of f luo rescen t  s t a r t i n g  ma te r i a l s  

w i th  an U.V. lamp ind ica t ing  formation of a new u l t r a v i o l e t  condensation spo t  

of KF midway between the two s t a r t i n g  products.  

on disappaarance of the f r e e  pept ide.  Incorporat ion of the s t a r t i n g  ma te r i a l s  

i n t o  the new s p o t  was v e r i f i e d  by condensing CF3CO-Pte with r ad io l abe led  b2- 

G ~ u ~ - & [ U - ~ ~ C ] G ~ U O B U ~ .  The f l u o r e s c e n t  s p o t s  were scraped fran the p l a t e  and 

e l u t e d  i n  s c i n t i l l a t i o n  f l u i d .  Counts i n d i c a t e d  a s h i f t  of the f r e e  pept ide 

t o  the newly formed f l u o r e s c e n t  spo t .  

C r y s t a l l i n e  CF3CO-Pte was dissolved in d i s t i l l e d  DMF a t  

T h e  r eac t ion  was terminated 



748 C. R. Ferenz and D. Y. Graham 

The r e a c t i o n  w a s  terminated and the product  p a r t i a l l y  sepa ra t ed  from 

m r e a c t e d  CF3CO-Pte by adding co ld  water. 

c e n t r i f u g a t i o n  a t  9000 rev/min f o r  15 min. Cooling the supe rna te  f o r  s e v e r a l  

hours p r e c i p i t a t e d  the  CF3CO-Pte. The condensed material w a s  chromatographed 

over  an LH-ZO/ethanol c o l u m  (5.5 cm x 200 cm), concen t r a t ed  i n  vacuo and 

d r i e d  o w r  P 0 

The p r e c i p i t a t e  was c o l l e c t e d  by 

2 5' 

Deprotection of F u l l y  Condensed Material 

The -OBut groups e r e  s e l e c t i v e l y  removed by s t i r r i n g  CF3CO-PteGlu70Buk 

[0.35 g ,  0.19 m w l ]  i n  20 m l  of d i s t i l l e d  t r i f l u o r o a c e t i c  a c i d  f o r  10 min a t  

room temperature.  The a c i d  w a s  removed under reduced p res su re  and the residue 

washed with ether on a s i n t e r e d  g l a s s  f i l t e r .  After d ry ing  over P205, the 

CF3CO- group was removed i n  the dark by d i s s o l v i n g  the p a r t i a l l y  p ro tec t ed  

material i n  19 m l  (10 e q u i v )  of 0.1 M-piperidine,  i n  an i ce -e thano l  bath a t  

4OC with a n i t r o g e n  b a r r i e r  f o r  30 min. For removal of the CF3CO- group the 

pH of the base must remain b e t w e n  pH 11-12 o r  the t r i f l u o r o a c e t i c  a c i d  from 

the previous dep ro tec t ion  w a s  n o t  t o t a l l y  removed. The  yel low s o l u t i o n  was  

cen t r i fuged  a t  7000 rev/min, decanted from any i n s o l u b l e  material, and 

ad jus t ed  s lowly t o  pH 3 w i t h  2M-HC1. 

a t  9000 rev/min and l y o p h i l i z e d  t o  a hygroscopic  orange powder which moved as 

a s i n g l e  f l u o r e s c e n t  quenched s p o t  of RF 0.92 on Whatman #1 paper  using 

ascending chromatography i n  5% (w/v) NHLHC03. 

The g e l a t i n o u s  product  was cen t r i fuged  

Assay of Fo la t e  Der iva t ives  

Der iva t ives  t o  be assayed f o r  f o l a t e  c o n t e n t  =re a c c u r a t e l y  weighed 

before  e a c h  hydro lys i s  and U.V. s p e c t r a  -re determined i n  0.05-M potassium 

phosphate b u f f e r  pH 7.0. Determinat ions using L a c t o b a c i l l u s  casei (A.T.C.C. 

7469) employing a modified method of Cooperman (11). Fo la t e  concen t r a t ions  

=re c a l c u l a t e d  from a s t anda rd  r e f e r e n c e  curve us ing  serial  d i l u t i o n s  of 

f o l i c  a c i d  (25-250 x lo-'' g/ml) ob ta ined  from k d e r l e  Labora to r i e s  (Standard 

PteGlu was k ind ly  provided by Lederle  L a b o r a t o r i e s ,  P e a r l  R i v e r ,  New York, 

U.S.A.). The polyglutamyl f o l a t e s  =re hydrolyzed by incuba t ing  0.1 m l  of 
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s u b s t r a t e  (25-200 M) with 0.1 m l  of enzyne conjugase (glutamate 

carboxypeptidase EC 3.4.12.10) and 0.8 m l  of 0.05M-universal b u f f e r  con ta in ing  

0.2% (v /v )  oe rcap toe thano l  i n  a m t a b o l i c  shake r  a t  37°C f o r  60-90 min. 

E i t h e r  chick pancreas (20  mg/ml) a t  pH 7.0 o r  human mucosal j e j u n a l  homogenate 

( 2 0  mg/ml) a t  pH 4.7 was used as source of enzyne. The enzyne was deac t iva t ed  

by adding 2.0 m l  of 0.05 M-phosphate b u f f e r  a t  pH 6.5 and b o i l i n g  f o r  5 min. 

The f o l a t e  a s say  was set up  i n  16 mm x 100 mm g l a s s  t ubes  us ing  f o l i c  

a c i d  casei medium (Difco 61822-15, D e t r o i t ,  Michigan, U . S . A . ) .  The L. casei 

was maintained i n  Difco aga r  #0900-15 and Difco b r o t h  #0901-15. 

incubated f o r  14-16 h in a wa te rba th  shake r  a t  37°C and the growth of each 

tube was  measured a t  660 nm us ing  a Coleman J m i o r  S p c t r o p h o t o o e t e r .  

The a s say  was 

Repeated experiments  w i th  p u r i f i e d  pteroylheptaglutamate y i e lded  n o  

mic rob io log ica l  growth with L. casei p r i o r  t o  h y d r o l y s i s  of the s u b s t r a t e  

whereas f o l a t e s  without  r i g o r o u s  p u r i f i c a t i o n  ( 6 )  averaged 15% growth on the 

s u b s t r a t e  blanks.  

DISCUSSION 

Adequate amounts of pure polyglutamyl f o l a t e s  =re the l i m i t i n g  f a c t o r  in 

cont inuing s t u d i e s  on the abso rp t ive  mechanism of n a t u r a l  f o l a t e s  m t i l  1969 

when Krumdieck and Baugh ( 2 )  r epor t ed  the s o l i d  phase s y n t h e s i s  of f o l i c  a c i d  

polyglutarnates.  L a t e r  Godwin e t  a l .  ( 6 )  r e p o r t e d  the s y n t h e s i s  of 

p t e roy lhep tag lu t amic  a c i d  by s o l u t i o n  phase s y n t h e s i s .  

these canpounds permit ted f u r t h e r  s t u d i e s  involving conjugated materials. 

p repa ra t ion  of r a d i o l a b e l l e d  polyglutamyl f o l a t e s  provided a t o o l  f o r  f u r t h e r  

i n s i g h t  i n t o  normal abso rp t ion  as s t u d i e s  could be performed wi th  phys io log ic  

amounts of the vi tamin.  The a v a i l a b i l i t y  of r a d i o l a b e l l e d  material decreased 

the n e c e s s i t y  f o r  neasuring f o l a t e s  mic rob io log ica l ly .  

The a v a i l a b i l i t y  of 

The 

Both publ ished procedures f o r  p repa r ing  s y n t h e t i c  polyglutamyl f o l a t e s ,  

the solid-phase and solution-phase oe thods ,  produce f i n a l  products  con ta in ing  

up t o  seven &-linked glutamyl  r e s idues .  When condensed t o  the p t e r o y l  moiety 

the r e s u l t i n g  f o l a t e s  e x h i b i t  mic rob io log ica l  growth c h a r a c t e r i s t i c s  a t  

va r i ance  wi th  n a t u r a l  "fermentat ion f a c t o r "  (1).  Although Tamura e t  a l .  (4 )  
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reported t h a t  pteroylheptaglutamic a c i d  synthesized by solid-phase technique 

supported microbiological  growth, o t h e r  i n v e s t i g a t o r s  have no t  commented on 

t h i s  i s sue .  

The solid-phase method f o r  preparing pep t ides ,  though r a p i d ,  has the 

disadvantage of accumulating m r e a c t e d  side products  during preparat ion.  The 

solution-phase s y n t h e s i s  a s  published a l s o  allows f o r  accumulation of 

intermediate  products un le s s  r igorous p u r i f i c a t i o n  techniques are incorporated 

i n t o  the syn thes i s  procedure. T h e  p repa ra t ion  of the pept ide was n o t  the only 

problem a rea  discovered i n  t h e  s y n t h e s i s  of pteroylpolyglutamates .  We found 

t h a t  the production of p t e r o i c  acid from f o l i c  ac id  using a Pseudomonas w a s  

supe r io r  t o  t h a t  of Flavobacterium s t r a i n  HY. 

c r y s t a l l i z a t i o n  of the sodium sal t  was easier. Most important ,  when t h i s  

ma te r i a l  w a s  condensed t o  the heptaglutamate,  t he  f i n a l  product f a i l e d  t o  

support  growth with Lac tobac i l l u s  casei m t i l  hydro lys i s  with "conjugase". 

The p u r i f i c a t i o n  procedures used i n  earlier works e r e  found t o  be unsui table  

f o r  the complete removal of l a b i l e  p t e r i n s  which r e s u l t  from oxidat ive 

degradation of the p t e r o y l  compounds. P t e ro i c  impur i t i e s  allow production of 

p t e roy l  polyglutamyl forms of degradation products .  

Pte ac id  and 8-linked glutamyl pept ides  f r e e  of contaminating impur i t i e s ,  the 

f o l a t e  analogs can be e a s i l y  condensed using the N-methylmorpholine mixed 

Yields =re higher  and 

With c r y s t a l l i n e  CF3CO- 

anhydride coupling procedure. Stepwise p u r i f i c a t i o n  techniques e l imina te  the 

need f o r  c o l u m  p u r i f i c a t i o n  of the deprotected compound thus dcreasing 

chances of oxidat ive degradation of the conjugated ma te r i a l .  Microbiological  

a n a l y s i s  of the heptaglutamate a f t e r  enzymatic hydro lys i s  yielded r e s u l t s  i n  

agreement with f o l a t e  concentrat ions determined by u l t r a v i o l e t  absorpt ion data 

based on the m l e c u l a r  e x t i n c t i o n  c o e f f i c i e n t .  
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