
JournaZ of habelted Cornompounds and Radiophamaceutica~s - Vol .  X X ,  No. 2 233 
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SUMMARY 

Conditions are described fo r  the t rea tment  o f  proline w i th  hydrogen peroxide, 

ascorbic acid, and ferrous ions t o  produce 3-hydroxyproline i n  5-69, y i e l d  Several 

react ion products are formed, but they can he separated chromatographically t o  y ie ld  

pure  trans-3-hydroxyproline. Synthesis o f  t he  radioact ive amino ac id  f r o m  14C-L-prol ine 

yields the pure isomer w i t h  speci f ic  ac t i v i t y  iden t ica l  t o  tha t  of the s ta r t ing  proline. 

Ident i t y  o f  t he  desired product was established by chromatography, electrophoresis, and 

mass spectrum. 
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I N T R O D U C T I O N  

3-Hydroxyprol ine (3-Hyp) i s  a relat ively ra re  posi t ional  isomer of 4-hyp. It was 

f i r s t  recognized (1,2) in bovine tendon collagen, where i t s  residue frequency i s  

approximately 1-2  per thousand amino acids (3). In o ther  species o f  collagen, e.g., rena l  

basement membrane collagen, 3-hyp residues occur at much higher frequency -- 20 per 

thousand (4): bu t  i t  i s  a lways a minor residue compared t o  4-hyp. Dur ing t h e  biosynthesis 

o f  collagen, 3-hyp --l ike 4 hyp-- i s  generated f rom pro l ine  residues as a posttranslat ional  

event  (5,6). 
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L imi ted  ava i lab i l i t y  o f  f ree  3-hyp has been a prob lem f o r  studies o f  the  amino ac id  

i tsel f .  Perhaps re f lec t ing  i t s  scarci ty i n  the collagens and absence f rom proteins i n  

general, t he  compound does no t  appear t o  be present a t  g rea ter  than t race  levels i n  most 

f ree  amino acid pools. It has been isolated on a smal l  p repara t ive  scale f r o m  seeds of a 

t rop ica l  plant, Delonix regia, where i t  occurs i n  t h e  amino ac id  poo l  (7) .  The same source 

has served (8) for the isolat ion o f  isotopical ly labeled mater ia l  fo l low ing  endogenous 

hiosynthesis f r o m  added, labeled proline. However, isolat ion o f  3-hyp f r o m  these seeds i s  

tedious and at tended by poor and variable yields. Furthermore, the ab i l i t y  t o  prepare 

high speci f ic  a c t i v i t y  ma te r ia l  b iosynthet ical ly i s  compromised by large d i lu t ion  o f  t he  

added, labeled prol ine by pro l ine  i n  the  seeds. A number o f  chemica l  synthet ic methods 

fo r  3-hyp have been described ( 2 ,  9-14) bu t  these, too, a re  tedious and unsat isfactory 

f rom the points of view of y ie ld,  pur i t y ,  and isomer select iv i ty;  they produce mixtures o f  

a l l  four geomet r ica l  isomers. 

Our in te res t  i n  the  metabolism o f  3-hyp i n  the  r a t  l e d  us t o  explore means of 

preparing labeled 3-hyp. We report  here a simple and reproducible method fo r  

accomplishing t h i r  It u t i l i zes  a chemica l  hydroxylat ion o f  prol ine w i t h  a reagent 

containing hydrogen peroxide, ferrous ion, and ascorbic acid. 

MATERIALS AND METHODS 

U-14C-Proline (Sp. act. 250 mCi/mrnole) was purchased f rom I C N  and pur i f ied  by 

ion-exchange chromatography on Dowex 50x2 (H+) w i t h  0.5N HCI elution. th-ilabeled 

trans-3-Yydroxyproline and t rans-(3-hydroxy-G3H)- L- Proline were obtained as 

previously noted (15): the  3H- t racer  had a sp. act. o f  5.32  mCi /mmo le  IJnlabeled L- 

proline was f rom Sigma Chemical Ca, St. Louis. Ascorbic acid, hydrogen peroxide 

(309,), and Nor i t  A were f r o m  Fisher Sc ien t i f i c  Co. AC 50WX2 (200-400 mesh) resin and 

A C  11A8(50-100 mesh) ion-retardat ion resin were f r o m  RioRad, Richmond, California. 

A l l  o ther  chemicals were of the  best commercial ly avai lable grades. 
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Paper electrophoresis was car r ied  out a t  p t i  1.85 w i t h  200 volts/cm (16). Amino 

acid analysis was per fo rmed as described ear l ier  (4); w i t h  th is method, t rans - and cis-3- 

hyp a re  e lu ted  a t  60-65 minutes and 105-110 minutes, respectively; trans-4-hyp i s  e lu ted  

a t  70-75 minutes. Opt ical  rotat ions were determined i n  a Rendix NPL Pblarimeter. 

Electron impac t  mass spectrum o f  3-hyp, a f t e r  der iva t iza t ion  t o  i t s  t r i f looroacety ia ted  

bu ty l  ester (17). was determined w i t h  a DuPont 21-490 mass spectrometer operat ing a t  

70 ev  in conjunct ion w i t h  a DuPont 094 data  system f o r  da ta  acquisit ion and processing. 

Reaction Conditions 

Preliminary exper iments ind ica ted  t h a t  t he  concentrat ion o f  ascorbic ac id  was an 

impor tan t  determinant o f  yield. This variable was invest igated i n  reaction mix tu re  of 4 

m i l l i l i t e rs  containing 10 mM HCI, 20 mM profine, 20 mM ferrous ammonium sulfate, 

varying levels o f  ascorbic acid, and 5n rnM hydrogen peroxide. The peroxide was added 

l a s t  A f te r  t e n  minutes a t  37"C, 2 m l  of a suspension o f  AC 50 resin i n  0.1N HCI was 

added t o  bind the 3-hyp and o ther  amino acids i n  the  react ion mixture. A smal l  quant i t y  

o f  3H-3-hyp was also added as tracer. 

The res in  containing bound reac t ion  products was transferred t o  a smal l  column o f  

the same resin t o  f o r m  a column of t o t a l  dimensions, 8 x 13.9 cm. Following a column 

wash w i t h  2 5  mi l l i l i t e rs  o f  water, amino acids were eluted w i t h  1N ammonium 

hydroxide. Fluate containing t race r  was evaporated t o  dryness under ni t rogen, and the 

residue taken u p  i n  water f o r  subsequent chromatographic measurement o f  3 -hypon t h e  
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Fig. 1. E f fec t  of ascorbic acid concentrat ion on y ie ld  of 3-hyp. 
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amino acid analyzer. Wi th  d i f f e ren t  ascorbic ac id  concentrat ions the  y ie ld  of 3-hyp 

var ied f r o m  1.5 t o  almost  69, w i t h  op t ima l  y ie ld  a t  approximately 60 mt.4 ascorbic ac id  

(Fig. 1). 

Pur i f icat ion o f  3-Hyp f r o m  React ion Products 

Amino ac id  analysis of reac t ion  mixtures revealed a t  least  seven compounds w i t h  

ninhydrin products absorbing strongly a t  440 nm and one a t  570 nm (Fig. 2). Most o f  

these compounds were e lu ted  be fore  pro l ine  and, f r o m  the i r  

1 / ,  I 

Fig. ?. Analysis of compounds produced i n  the  peroxidat ion of proline. 3-"yp and 

accompying products were chromatographed on t h e  amino a c i d  analyzer w i t h  ninhydr in 

assay o f  the  ef f luent.  

positions, we iden t i f i ed  peaks f o r  t h e  trans- and cis-  isomers of bo th  3- and 4-hyp. The 

ident i t y  o f  the remaining 440 nm and the 570 nm peaks i s  unknown; i t  i s  conceivable tha t  

dihydroxyprolines are formed, but we lack  reference standards f o r  such compounds. We 

sought conditions fo r  pur i f i ca t ion  o f  t h e  trans-3-hyp on a la rger  scale. 
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A 2 l i t e r  react ion m ix tu re  containing 60 mM ascorbic ac id  and the  other 

components as ind ica ted  above was div ided equally between t w o  2 l i t e r  flasks. To avoid 

over-shooting the desired tempera ture  owing  t o  heat generation, the flasks and the i r  

contents were cooled t o  15°C pr io r  t o  addi t ion o f  the  peroxide, and then warmed t o  

37O C. A f te r  10 minutes, t racer  3-hyp was added and the  react ion mix tu re  was passed 

through an AC 50 column (60 x 2.5 cm). The column was washed w i t h  1 l i t e r  o f  water 

and react ion products were  e lu ted  w i t h  1 N ammonium hydroxide. Fractions containing 

t racer  were pooled, concentrated t o  dryness in  a flash evaporator, and the residue 

dissolved i n  50 mi l l i l i t e rs  o f  water. This solut ion was decolor ized w i t h  5 grams Nor i t  A 

and f i l tered. The c lear  f i l t r a t e  was evaporated as before and the  residue was dissolved i n  

10 m l  wa te r  i n  preparat ion f o r  chromatography. 

The sample was f i r s t  applied t o  AC 50 (1 x 16 cm) t o  separate 3-hyp f r o m  

unreacted prol ine by elut ion w i t h  0.5N HCI. The 3-hyp fractions, iden t i f ied  by the 

radioact ive t racer,  were pooled and taken t o  dryness. An aqueous solut ion of  t he  residue 

was chromatographed in sma l l  port ions on a column o f  amino ac id  analyzer resin (50 x 0.9 

cm) eluted w i t h  40 mi l l i l i te rs  o f  Durrum's Pic0 Buf fe r  'A "  (18) adjusted t o  pH 2.03 

fol lowed by 45 m i l l i l i t e rs  o f  unadjusted Bu f fe r  'A". The t racer  eluted i n  several 

m i l l i l i t e rs  between 35-45 m i l l i l i t e rs  of eff luent.  

Combined fract ions f r o m  the mul t ip le  pur i f icat ions were desalted on AC 51) by 

elut ion w i t h  1 N  ammonium hydroxide and the residue obtained a f t e r  evaporation was 

dissolved i n  water f o r  invest igat ion on the  amino ac id  analyzer. A single peak f o r  t rans- 

3-hyp was obtained. The overa l l  y i e ld  i n  the  hydroxylat ion react ion a f t e r  cor rec t ion  for  

losses dur ing pu r i f i ca t i on  was 4.8%. 

Addi t ional  c r i t e r i a  o f  p u r i t y  o f  t h e  3-hyp thus fo rmed  a re  as follows. There were 

no  other peaks i n  the t race  f r o m  the amino acid analyzer column. In paper 

electrophoresis the  mater ia l  m igra ted  w i t h  the  authent ic reference standard and there  

was only a minor (<5%) contaminant,  revealed as a purple spot w i t h  ninhydrin. The mass 
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spectrum (Fig. 3)  i nd ica ted  ident i t y  w i t h  the  reference and these spectra agreed w i t h  

those reported ear l ier  (17). Opt ical  ro ta t ion  i n  water  gave (a)D25 - -13.55". i n  good 

agreement w i t h  the  value o f  -13.7" obtained under these condi t ions i n  ou r  laboratory,  bu t  

lower than the  l i t e ra tu re  (19) value of -19". 
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Fig 3. Mass spectra o f  t he  hu ty l  es te r  o f  t r i f luoroacetyl-3-hyp. 3-Hyp was produced f r o m  

proline by peroxidat ion and pur i f ied  chromatographical ly before der ivat izat ion.  Fig. 3 A  

i s  the mass spectrum o f  the exper imental  ma te r ia l  and Fig. 3 8  tha t  of authentic, 

der ivat ized 3-hyp. 
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Preparation of U-14C-3-Hyp f r o m  U-14C-Proline 

An 8 m i l l i l i t e r  react ion mix tu re  w i t h  component concent ions as indi  ated 

above, but w i th  only 42 micromoles o f  14C-proline (sp. act. 14.6 mCi/mmoI) was 

incubated f o r  10 minutes a t  37" C. The reac t ion  m ix tu re  was transferred t o  a column as 

AC; 5 0  (16 x 1 cm) and, a f te r  washing w i th  70 mi l l i l i te rs  o f  water, amino acids were 

e lu ted  w i t h  0.5 N HCI. The rad ioac t iv i t y  appeared i n  the  e f f luen t  i n  th ree  peaks (Fig. 4); 

17.4% of it was associated w i t h  f ract ions containing 3-hyp, while 2.99. was a minor 

contaminant tha t  e lu ted  

20 40 60 80  100 120 140 

fraction number 

Fig. 4. I n i t i a l  chromatographic anahs is  o f  reac t ion  m ix tu re  resul t ing f rom peroxidat ion 

of 14C-L-pro l ins  Peaks, I, II, 111, contain, 

respect ively,  a contaminant, 3-hyp, and proline. 

Chromatography on AC 50; elut ion w i th  HCI. 

F rac t ion  volume was 2.0 ml. 

before 3-hyp. Seventy-eight percent o f  the  ac t i v i t y  was present i n  the  prol ine peak. The 

f rac t ions  containing 3-Hyp were  evaporated and t h e  residue was recons t i tu ted  i n  water;  

remaiaing HCI was e l im ina ted  by passage through AC l l A 8  (52 x 1 cm) and e lu t ion  w i t h  
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water. Radioact ive f ract ions were combined, evaporated, and desalted on a smal l  

column of AC 50 w i t h  1N ammonium hydroxide elution. This sample, a f t e r  evaporation 

and redissolution i n  0.01 N HCI  was chromatographed on amino ac id  a n a k z e r  resin ( 3 8  x 

0.9 cm), as described above. Several radioact ive peaks were present (Fig. S), t he  f i r s t  

corresponding t o  t h e  posi t ion o f  3-hyp. This ma te r ia l  was desalted; an al iquot co-eluted 

w i t h  3H-3-hyp on the amino ac id  analyzer. The measured speci f ic  a c t i v i t y  o f  t he  synthe- 

sized 3-hyp was 15.3 mCi/mmole, w i th in  exper imenta l  e r ro r  o f  t he  s ta r t i ng  14C-proline 

speci f ic  act iv i ty.  Recovery was 2.7% uncor rec ted  fo r  pu r i f i ca t i on  losses. 

10 2 0  30 40 50 60 70 

time, minutes 

Fig. 5. Chromatography of radioact ive 3-hyp produced f rom prol ine by peroxidation. 

Fractions f r o m  AC 50 chromatography containing 3-hyp (Peak I I ,  Fig. 4) were 

chromatographed on amino ac id  analyzer resin and the  e f f luen t  assayed fo r  

radioactivity. Flow ra te  was 1.0 mI/min. The peak a t  40 minutes corresponds t o  the 

e lu t ion  posi t ion o f  au thent ic  3-hyp. 
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0 ISC IJ S S ION 

Hydroxylat ion o f  prol ine in  react ion mixtures containing hydrogen peroxide, 

ferrous ions, and ascorbic ac id  has been studied i n  the  context  of models fo r  i n  v ivo  

systems (20-22). The ear l ie r  studies d id  not provide de f in i t i ve  data f o r  t he  fo rmat ion  o f  

r igorously- ident i f ied 3-hyp in these react ion mixtures. The present work adds such da ta  

and o f fe rs  a sound method f o r  preparat ion o f  labeled 3-hyp f r o m  labeled proline. 

In our studies the  i den t i t y  o f  t he  product as 3-hyp was established by several 

c r i te r ia :  ion-exchange chromatography, paper electrophoresis, and mass spectrum. The 

op t i ca l  ro ta t ion  o f  t he  product indicates t h a t  ep imer iza t ion  o f  the  alpha-carbon does no t  

occur during peroxidation; th is i s  a d is t inc t  advantage over other chemical methods 

wh ich  o f ten  generate racemic  mixtures. The present method permi ts  preparat ion o f  3- 

hyp o f  very high speci f ic  a c t i v i t y  since there  i s  no d i lu t ion  o f  the precursor proline, as 

occurs w i t h  the  hiosynthet ic m e t h o d  Additionally, the unreacted prol ine can he 

recovered f r o m  the  react ion mixture. 

We have not been able t o  conf i rm the repor t  (23 )  of  a 15% y ie ld  o f  3-hyp f r o m  

prol ine t rea ted  w i t h  hydrogen peroxide at e levated temperature. h that  work, the 

ident i t y  o f  3-hyp was in fe r red  f r o m  i t s  e lu t ion  posi t ion w i thout  reference t o  a standard, 

whi le i t s  quant i ty was based on color yields for  4-hyp. In our hands the described 

approach gave yields no  greater than 1-2X. 
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