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P R O  E X P E R I M E N T I S  

A rapid !electrophoretic method for the separation of hydroxyproline from!proline ~ 
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Summary. A rapid ,  sens i t ive  p rocedure  is descr ibed  which  uses c u s t o m  m a d e  a p p a r a t u s  to  s epa ra t e  r ad ioac t ive  imino  
acids.  Th i s  t e c h n i q u e  p rov ides  a s imple  m e a s u r e m e n t  of t he  d i s t r i b u t i o n  of newly  syn thes i zed  col lagen in d i f fe rent  
f rac t ions .  

R a d i o a c t i v e  h y d r o x y p r o l i n e  (hyp) and  pro l ine  (pro) were 
s epa ra t ed  f rom h y d r o l y s a t e s  of f r ac t ions  f rom ch ick  em- 
b ryos  b y  h i g h  vo l t age  p a p e r  e lec t rophores i s  in o rder  to  
c o m p a r e  t h e  r e l a t i ve  a m o u n t s  of newly  syn thes i zed  
collagen.  

Collagen can  be  cons idered  u n i q u e  in t h a t  a b o u t  ha l f  t h e  
pro  res idues  are h y d r o x y l a t e d  pos t - t r ans l a t i ona l ly .  Thus  
t he  a m o u n t  of new col lagen syn thes i s  fol lowing a per iod  
of labe l ing  w i t h  r ad i oac t i ve  pro  is r e l a t ed  to  the  a m o u n t  
of r ad ioac t ive  h y p  formed.  Since t he  h y d r o x y l  g roup  is 
a d d e d  m a i n l y  in t he  4-pos i t ion  of pro, t he  use of pro  t r i -  
t i n t e d  in t he  5-posi t ion ensures  t h a t  t he  3H-label  is re- 
t a i n e d  a f t e r  h y d r o x y l a t i o n .  

P ro  and  h y p  h a v e  p rev ious ly  been  s e p a r a t e d  on  ion ex- 
change  co lumns  b u t  t he  p rocedure  t akes  longer  t h a n  4 h 
a n d  on ly  1 sample  per  co lumn  can  be  r u n  a t  a n y  one t ime  3. 
An  e lec t rophore t i c  m e t h o d  is descr ibed  here  which  is 
fas te r  a n d  more  sens i t ive  t h a n  co lumn  t echn iques .  

Chick e m b r y o s  were labeled  w i th  [SH] pro  and  t he  re la t ive  
a m o u n t s  of r ad ioac t ive  h y p  and  pro  in f rac t ions  p roduced  
b y  d i f fe ren t i a l  c e n t r i f u g a t i o n  were d e t e r m i n e d .  F r a c t i o n s  
were p r e c i p i t a t e d  w i t h  t r i ch lo roace t i c  acid (TCA), h y d r o -  
lyzed and  t he  a m i n o  a n d  imino  acids s e p a r a t e d  b y  h igh  
vo l tage  p a p e r  e lec t rophores i s  (HVE) .  S t r ips  of p a p e r  were 
dr ied ,  cu t  in to  pieces, and  coun t ed  d i rec t ly  b y  a l iquid 
sc in t i l l a t ion  sys tem.  

Materials and methods. The  reagen t s  used were of ana ly t i -  
cal g rade  (Analar ,  B r i t i s h  D r u g  Houses,  Poole,  Eng land)  ; 
L-pro l ine  a n d  L - h y d r o x y p r o l i n e  imino  acid s t a n d a r d s  
were o b t a i n e d  f rom F l u k a  (Swi tzer land) .  T r i t i a t e d  pro  
labeled  in t he  5-posi t ion (L-proline-5-SH, 10 Ci/mole) was  
o b t a i n e d  f rom R a d i o c h e m i c a l  Centre ,  A m e r s h a m  (Eng-  
land) ,  p H  1.85 buffer  was  m a d e  b y  d i lu t ing  78.0 g of for- 
mic  acid and  25.0 g of acet ic  acid to  1 l i t re  w i th  water .  The  
h o m o g e n i z i n g  buf fe r  RSI3 c o n t a i n e d  0.01 M Tris,  0.01 M 
NaCI a n d  0.0015 M MgC12, p H  7:4. I s a t i n  r e agen t  w a s  
m a d e  b y  d isso lv ing  1.0 g of isat in,  1.5 g of zinc ace t a t e  
a n d  1.0 ml  of py r id ine  in 100 ml  of i sop ropano l  a n d  w a r m -  
ing a t  80~ for  30 rain.  

The  H V E  a p p a r a t u s  was c o n s t r u c t e d  in t he  workshops  of 
t he  Wool  I n d u s t r i e s  Resea rch  Associa t ion,  Leeds,  and  is 
ba sed  on  Michl ' s  des ign as modif ied  b y  Gross  ~,4 a n d  
descr ibed  b y  Atf ie ld  and  Morr is  5 (figure 1). 

The  p a p e r  s t r ip  ( W h a t m a n  3MM fi l ter  p a p e r  115 cm • 
15 cm) is h e l d  h o r i z o n t a l l y  be t w een  2 water-cooled,  
anodised ,  a l u m i n i u m - c o p p e r  al loy p la t e s  and  i n su l a t ed  
f rom t h e m  b y  2 s t r ips  of t h i n  p o l y t h e n e  sheet .  T he  cooled 
p la tes  and  i n s u l a t i n g  p o l y t h e n e  shee ts  are held  in close 
c o n t a c t  w i t h  t h e  p a p e r  b y  un i f o r m  pressure  app l ied  b y  an  
in f l a t ed  r u b b e r  b l adde r  a b o v e  the  u p p e r  p la te .  The  b lad-  
de r  is in f l a t ed  b y  a compressor .  E a c h  e lec t rode  compr ises  
a Pe r spex  (or Plexiglass)  b o x  c o n t a i n i n g  p H  1.85 buf fe r  

in to  which  a p l a t i n u m  t e r m i n a l  dips.  The  c i rcui t  is com- 
p le ted  b y  jo in ing  t he  p a p e r  to  the  buf fe r  w i t h  p a p e r  wicks, 
t h e  same w i d t h  as t he  paper .  The  whole  a s sembly  is 
housed  in a P e r s p e x  c a b i n e t  t h a t  i nco rpo ra t e s  a sa fe ty  
swi t ch  so t h a t  t he  e lec t rodes  can  on ly  be  m a d e  l ive w h e n  
t he  window is closed. The  p o w e r - p a c k  p rov ides  p o t e n t i a l  
di f ferences  up  to 20 kV t h u s  g iv ing  p o t e n t i a l  g rad ien t s  of 
190 v / c m  for p a p e r  s t r ips  105 cm long. 

Preparation o/ samples. 10-day-old ch ick  e m b r y o s  were 
labeled in  ovo w i t h  100 ~Ci of 3H-pro in 0.1 ml  of w~ter .  
T h e  shell  cover ing  t he  air  space was r e m o v e d  and  t he  
e m b r y o s  in j ec t ed  in  t he  t h o r a x  us ing  a 30 gauge  needle.  
T h e y  were i n c u b a t e d  a f u r t h e r  25 m i n  before  decap i t a t ing .  
and  h o m o g e n i z i n g  in 5 ml  of R S B  each.  5 f r ac t ions  were 
p r e p a r e d  a n d  r insed  w i t h  7% TCA as descr ibed  in t ab l e  1. 
The  p rec ip i t a t e s  were hyd ro lysed  w i t h  6 N hydroch lo r i c  
acid a t  110~ for  20 h in sealed glass tubes .  The  hydro -  

Table 1. The centrifugation conditions used to prepare a series of 5 
pellets SPI-SP5 

Fraction number Fraction removed after g 

SP1 2,000 rpm, 10 min, SW39 325 • g 
SP2 5,000 rpm, 15 min, SW39 2040 x g 
SP3 15,000 rpm, 15 min, SW39 18,400 • g 
SP4 35,000 rpm, 30 rain, SW39 100,000 • g 
SP5 Supernatant precipitated with 

trichloroacetie acid 

1 10-day-old chick embryo was honlogenized in 5 ml of RSB with 10 
strokes of a loose Dour~ce pestle. The homogeuate was centrifuged 
as indicated and the pellets retained at each stage. The pellets were 
rinsed twice with 5 ml of 0.1 M unlabeled pro in 7% TCA and re- 
centrifuged at 90,000 • g for 15 min. 

Polythene sheet Poper slrip 

Fig. 1. High voltage paper electrophoresis apparatus. 
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lysates  were cent r i fuged at  170,000 •  for 20 rain to  re- 
move  char red  debris  and dr ied over  solid N a O H  under  
vacuum.  The amino and imino acids were dissolved in p H  
1.85 buffer  and appl ied d i rec t ly  to  H V E  paper .  
The pape r  s t r ip  was d ipped  in p H  1.85 buffer  and excess 
l iquid expressed  b y  pass ing t h rough  a twin  rubbe r  roller 
mangle  ad jus t ed  to  such a pressure  t h a t  t he  paper  re- 
t a ined  its own weight  of e lectrolyte .  Hydro ly sa t e  was t h e n  
appl ied as a small  spot  or fine line. Loads  of up to 20 txl 
could be appl ied as fine lines 1 or 2 em long. The p repared  
s t r ip  was  placed in posi t ion be tween  the  2 po ly thene  in- 
sulators  on the  lower meta l  p la te  and  connec ted  to  the  2 
electrode wicks. The u p p e r  p la te  was lowered and  secured 
and  the  pressure  b ladder  inf la ted  to ensure good t h e rma l  
contac t .  The cooling wa te r  was swi tched on, the  Pe r s p ex  
window closed and  the  vol tage  raised to the  requi red  
value.  Be tween  14 kV and 16 kV was used, normal ly  for 
55 min.  

Af ter  the  e lec t rophore t ic  separat ion,  the  pape r  was re- 
moved  and dr ied in a hea ted  cabinet .  The posi t ions of the  
amino and  imino acids were de t e rmined  by  cu t t ing  off 

Table 2. Total hyp and pro radioactivity from the separations of 
hydrolyzed SP1-SP5 shown in figure 2. 

Vol. of 
hydrolysate 

Vol. Sum of counts Total for each hyp/pro 
loaded associated with fraction ratios 
(~1) hyp and pro peaks 

hyp pro hyp pro 
(xl0 -~) (xl0 -s) 

SP1 250 20 
SP2 250 20 
SP3 250 20 
SP4 250 20 
SP5 250 20 

2,990 39,590 37.4 495 
470 4,586 5.87 57.3 
464 4,610 5.80 57.6 
231 5,691 2.89 71.0 
668 25,618 8.35 320 

dupl ica te  sample  s t r ips  2 cm wide and  spray ing  wi th  isa- 
t in  reagent .  Pro  and h y p  show up as green spots  and the  
amino acids show up as fa in ter  b rown  spots  agains t  the  
background  of b r i g h t  orange.  The remain ing  uns ta ined  
samples  were coun ted  d i rec t ly  wi th  0.4% d iphenyl  oxa-  
zole in toluene.  S ta ined samples  were no t  coun ted  because 
of the  increased chemical  and  colour quench ing  produced.  
Results.  Figure  2 shows the  e lec t rophore t ic  separa t ion  of 
hydro lysa te s  of the  f rac t ions  SP1 -SP5 .  The posi t ions of 
the  imino acids were d e t e r m i n e d  b y  runn ing  dupl ica te  
samples  con ta in ing  0.05 ~tmole of unlabeled  h y p  and  pro  
and  s ta in ing  wi th  isat in  reagent .  

The small  and large peaks  of r ad ioac t iv i ty  coincided ex- 
ac t ly  wi th  t he  posi t ions of t he  hyp  and  pro s t andards ,  re- 
spect ively.  The e lec t rophore t ic  mobi l i t ies  observed were 
0.54 for h y p  and  0.69 for pro re la t ive to alanine as 1.00. 
The to ta l  r ad ioac t iv i ty  associa ted wi th  each imino acid is 
shown in tab le  2. 

Al though  the  slow speed pellet ,  SP1 conta ins  49-50% of 
t he  pro rad ioac t iv i ty ,  60% of the  rad ioac t ive  hyp,  and  
therefore  newly  syn thes ized  collagen polypept ides ,  was  
present .  The remain ing  h y p  rad ioac t iv i ty  was d i s t r ibu ted  
be tween  f ract ions  S P 2 - S P 5  wi th  each f rac t ion conta in ing  
less t h a n  14% of the  to ta l  rad ioac t ive  hyp.  

Discussion.  The  procedure  descr ibed is a rapid,  sensi t ive 
m e t h o d  of separa t ing  radioac t ive  h y p  f rom pro. The tech-  
n ique  p rov ided  a simple m e a s u r e m e n t  of the  d i s t r ibu t ion  
of newly  syn thes ized  collagen and proeol lagen chains  in 
f ract ions  p repa red  f rom 10-day chick embryos .  

Up  to  5 samples  of 5-25 ~tg of hydro lysa te  can be run  a t  
any  one t ime  which is ap p ro x i ma t e l y  5-10 t imes  more  
sensi t ive t h a n  ion exchange  column techniques .  Fu r t he r -  
more  the  separa t ion  can be comple ted  and  pape r  s t r ips  
dr ied and  coun ted  in less t h a n  100 min  offering consider-  

0.076 "ab le  t i m e  savingS. By  using d i f fe ren t  buffer  p H s  18 
0.102 amino  acids can be sepa ra ted  and de t e rmined  quan t i t a -  
0.101 t ive ly  if required by  react ion wi th  c a d m i u m - n i n h y d r i n  ~. 
0.041 For  the  de t e rmina t ion  of h y p  and pro,  a cadmium- isa t in  
0 .026 reagen t  is more  sensit ive.  The ch romophore  is ex t r ac ted  

wi th  me t h an o l  and  the  ex t inc t ion  measured  a t  352 n m  for 
h y p  and pro (610 nm if cadmium- i sa t in  reagen t  is used). 
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Fig. 2. Distance versus radioactivity plots for HVE paper from the 
separation of hydrolyzed fractions SP1-SP5. Each pellet was hydro- 
lyzed in 2 ml of 6 N He1, the hydrolysates were dried over solid 
NaOH and then redissolved in 250 ~tl of pH 1.85 buffer. Loads of 
20 fxl were applied and run at pH 1.85, 14 kV, 55 mA for 55 min. 
0 - -0 ,  radioactivity associated with pieces of HVE paper 2 cm • 1 cm. 
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