
299 

B~ochlm~ca et B~ophys~ca Acta, 658 (1981) 299--307 
© Elsevier/North-Holland Bmmedmal Press 

BBA 69243 

PREPARATION OF ANTIBODIES TO CHICK-EMBRYO 
GALACTOSYLHYDROXYLYSYL GLUCOSYLTRANSFERASE AND 
THEIR USE FOR AN IMMUNOLOGICAL CHARACTERIZATION OF THE 
ENZYME OF COLLAGEN SYNTHESIS 

RAILI MYLLYLA 

Department of Medzcal B~ochem~stry, Unwerszty of Oulu, Kalaanmt,e 52 A, SF-90220 
Oulu 22 (Finland) 

(Recelved October 27th, 1980) 

Key words Galactosylhydroxylysyl glucosyltransferase, Co,:.gen synthes~s, Immunod~f- 
fuszon, Antzbody, Inhtb~tzon kmetzcs 

Summary 

Antlbodms were prepared against chick-embryo galactosylhydroxylysyl  
glucosyltransferase and further punfmd by lmmunoafflnl ty chromatography.  
The anhbodles  gave a smgle precipitation hne of  identi ty by double immuno- 
diffusion against crude or pure chick-embryo glucosyltransferase. The ability of  
the ant ibody to precipitate the transferase was not  altered by destroying the 
secondary structure of the enzyme. The ant ibody also mhlbited the enzyme 
activity. The degree of  inhibition was higher with denatured citrate-soluble rat 
skin collagen as the substrate than wzth gelatimzed rat skin msoluble collagen 
or free galactosylhydroxylyslne. 

The cross-reactlvzty of the glucosyltransferase between different species was 
low when studied by double Immunodlffuslon or inhibition kinetics. The anti- 
serum showed no detectable cross-reactivity against other  intracellular enzymes 
of  collagen blosynthesm. 

A lme of complete  Identity was found in double zmmunodiffuslon between 
the transferases from whole chick embryos  and chick embryo  tendon,  kidney 
and cartilage. Inhibition by the antiserum of the enzyme from chick embryo 
tissues syntheszzmg different collagen types was relatively sLmflar. The data do 
not  support  the hypothesis  that galactosylhydroxylysyl  glucosyltransferase has 
isoenzymes with markedly different specific activities or immunological proper- 
ties. 

Abbrevlat lon IgG, unmunoglobuhn  G 
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Introduchon 

The biosynthesis of  the collagen molecule involves a number  of post-transla- 
honal modifications of the initial polypeptlde chains. These include hydroxyl-  
atlon of approprmte prolyl or lysyl residues to 3-hydroxyprolyl,  4-hydroxy- 
prolyl and hydroxylysyl  residues and glycosylatlon of approprmte hydroxy-  
lysyl residues to galactosylhydroxylysyl and glucosylgalactosylhydroxylysyl 
residues. These reactions are catalyzed by five specific enzymes (for reviews, 
see Refs 1--5). 

Galactosylhydroxylysyl glucosyltransferase catalyzes the synthesis of  glu- 
cosylgalactosylhydroxylysyl residues by transferring the monosacchartde unit 
from UDP-glucose to galactosylhydroxylysyl residues. The reaction reqmres the 
presence of a bivalent cation, this reqmrement  being best fulfilled by Mn 2. 
[6,7]. The enzyme has been isolated as a homogeneous protem from chick 
embryos and found to be glycoprotein [8--10] with a molecular weight of  
about 72000--78000,  by sodium dodecyl sulfate (SDS)-polyacrylamlde gel 
electrophoresls, consisting of only one polypeptlde chain [8]. The enzyme has 
also been characterized by am,no-acid analysis [10] and by kinetic studies on 
the reaction mechanism [ 11 ] 

In the present study, an antiserum was prepared m rabbits agamst pure galac- 
tosylhydroxylysyl  glucosyltransferase from chick embryos and the anhbodms 
obtmned were further purified usmg lmmunoaffml ty  chromatography.  The 
antiserum was tested for its ability to Inhibit the enzyme reaction with various 
substrates, and was used to examine whether  distmct immunological differ- 
ences m galactosylhydroxylysyl glucosyltransferase are found between dif- 
ferent species and different chink-embryo tissues. The latter question was rinsed 
by the fact that  marked differences are found in the extent  of  glucosylatIon of 
collagens between different tissues (see Ref. 3) and by recent demonstrations 
that  a partial deficmncy of galactosylhydroxylysyl glucosyltransferase activity 
in one family is assocmted with dominant  epidermolysls bullosa su-nplex [12], 
a disease showing clinical symptoms only m the skin. An additional aspect for 
study was whether chick~embryo enzymes catalyzing other mtracellular modifi- 
cations m collagen biosynthesis show any cross-reactivity with the antiserum 
for the glucosyltransferase. 

Matenals and Methods 

Matertals UDP[14C]glucose (227 C1/mol) and UDP[14C]galactose (274 
Cl/mol) were purchased from New England Nuclear and non-radloachve UDP- 
glycosides from Sigma L-[U-~4C]prollne (283 C1/mol), and L-[U-14C]lysme 
{345 Ct/mol) were from the Radlochemmal Centre, Amersham 

Denatured ['4C] prohne-labelled and [ ~4C]lysme-labelled protocollagen sub- 
strates were prepared in freshly isolated chink-embryo tendon cells [13]. 
Citrate-soluble collagen substrate and gelahmzed insoluble collagen were pre- 
pared from rat skin (see Ref. 14) and galactosylhydroxylysme was purffmd 
from sponge [15]. 

The lmmunoaffmlty  column was prepared by couplmg pure galactosyl- 
hydroxylysyl  glucosyltransferase to agarose by the CNBr-actlvatlon techmque 
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[16] About  10 ml 4% agarose (Sepharose 4B, Pharmacla)was  washed three 
times with an excess of distilled water,  pH 11, after whmh about  2 g CNBr 
(Eastman), dissolved m acetomtrfle, were added. The reaction was allowed to 
proceed for 15--20 mm m an ice-bath with continuous stn'rmg, the pH being 
mmntmned at 11 with 2 M NaOH. The mixture was then rapidly washed m a 
Buchner funnel with 50 ml of  a solution of  0.5 M NaC1/0.1 M NaHCO3, pH 8.3, 
and the agarose precipitate rapidly suspended m 5--10 ml of the same buffer. 
An ahquot  of  abou t  2 ml was transferred to a solution of 0.5 M NaC1/0.1 M 
NaHCO3, pH 8.3/900 ~g pure glucosyltransferase and the mixture was stirred 
gently at room temperature for 2 h, and at 4°C for 20 h. The gel was washed 
fLrst w:th a large volume of 0.5 M NaC1/0.1 M NaHCO3, pH 8.3, then with 
water, and finally with 0.5 M NaC1/0.1 M sodmm acetate, pH 4 5. The gel was 
suspended m a buffer contammg 0.15 M NaC1/50 mM Tris-HC1, pH adjusted to 
7.5 at 4°C. 

Assays for enzyme acttv~ttes The assay of galactosylhydroxylysyl  glucosyl- 
transferase activity :s based on measurement  of  the transfer of  [14C]glucose 
from UDP[ 14C]glucose to galactosylhydroxylysyl  residues m collagen. The 
samples were incubated for 45 mm at 37°C m a final volume of 100 ~l con- 
tinning about  6 mg/ml heat-denatured citrate-soluble rat skin collagen or about  
26 mg/ml gelatmlzed insoluble rat slun collagen as a substrate/2 mM MnC12/60 
/~M UDPglucose (8.1 C1/mol)/1 mM dlthlothrel tol /50 mM Tris-HC1 buffer,  pH 
adjusted to 7.4 at 20°C. The reaction products  were assayed as reported previ- 
ously [17,18] .  

Hydroxylysyl  galactosyltransferase [ 17 ], prolyl hydroxylase [ 19] and lysyl 
hydroxylase  [20] activity were assayed as described elsewhere. The substrate m 
the assay of hydroxylysyl  galactosyltransferase activity was gelatmlzed insolu- 
ble rat skin collagen, and that  m the assay of  prolyl and lysyl hydroxylase activ- 
ity radioactively-labelled protocollagen (non-hydroxylated procollagen). 

Preparation of antiserum against pure ch~ck-embryo galactosylhydroxylysyl 
glucosyltransferase The enzyme was isolated as a homogeneous protein from 
chink embryos  as described previously [8],  and dialyzed exhaustively against 
0.15 M NaC1 before lmmumzatlon.  The enzyme solution (180 /zg/ml) was 
mtxed with an equal volume of complete  Freund's  adjuvant and injected mtra- 
dermally at 10 s:tes m a rabbit 's  back. At a separate site, 0.5 ml crude 
Bordatella pertuss~s vaccine was rejected subcutaneously.  Further  rejections of  
150 pg glucosyltransferase mixed with incomplete Freund's adjuvant were 
administered 2, 3 and 4 weeks later. The rabbit  was bled at 1-week intervals by 
ear veto puncture beginning 2 weeks after the first mjectmn. The sera were 
stored at --20°C until used. 

Purlfzcat~on o f  antz.bodles. 10 ml antiserum were precipitated with 
(NH4)2SO, (0--40% saturation, 243 g/l). The (NH4)2SO4 precipitate fraction 
was passed through a DEAE-cellulose under conditions described elsewhere 
[21],  giving an IgG fraction of  the antiserum. An aliquot of  the IgG fraction 
was then passed at a f low rate of  0.5 ml/h through the lmmunoaffmlty  column 
(1 ml) equilibrated with 0.15 M NaC1/0.05 mM Tris-HC1 buffer,  pH 7.5 (4°C). 
The column was washed with 3 ml of  a buffer contmnmg 1% Triton X-100/0.5 
M NaC1/50 mM Tns-HC1, pH adjusted to 7.5 at 4°C, and after that  with 30 ml 
of  a buffer  contmnmg 0.15 M NaC1/0.05 mM Tns-HC1, pH adjusted to 7.5 at 
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4°C. The column was eluted with 3 ml of 0.01 M potassmm phosphate buffer, 
pH 6.8/3 M NaSCN, and the eluate was immediately passed through a 
Sephadex G-25 column equilibrated w~th 0.15 M NaC1. Fractmns m the void 
volume were pooled and concentrated by ultraffltratmn m an Ammon ultraffl- 
t ratmn cell with a PM-10 membrane. 

Other assays Double lmmunodfffusmn was carmed out  according to 
standard procedures on mmroscope shdes covered with 1% agar m 0.02 M 
barbital buffer, pH 8.6. The shdes were stmned w~th Coomassm brflla~t blue 
and the ~mmunodfffusmn result was exammed both before and after stmnmg. 
The protein content  of the samples were assayed by pept~de absorbance at 225 
nm usmg bowne serum albumm as a standard. 

Results 

Character~zatton of  the antiserum. The antiserum prepared m rabbits was 
tested for its abfl:ty to inhibit the glucosyltransferase actlwty. No mhlbltmn 
was found for 3 weeks after the first m]ectmn, but a marked increase was 
evident thereafter (Fig. 1). About 1.5 pl of the antiserum was required to 
inhibit the actlwty of 0.7 mumts of the enzyme by 50% under standard mcu- 
barren condltmns (Fig. 2). When galactosylhydroxylysme or gelatine was used 
as the substrate instead of the citrate-soluble collagen, the degree of mhlbltmn 
was clearly less, and m the case of galactosylhydroxylysme an mhlbltmn of 0.7 
mumts by 50% was achieved only with 5 pl antiserum (Fig. 2). 
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Fig  1 F o r m a t i o n  of  s .nt lbodles  to  c h l c k - e m b r y o  g a l a c t o s y l h y d r o x y l y s y l  g lucosy l t r ans fe ra se  m r a bb i t s  as a 
f u n c t l o n  o f  t l m e  Inh lb l t lon  o f  c h z c k - e m b r y o  ga]ac~osyH1ydroxylysyl  g lucosy l t r ans fe ra se  ac t iv i ty  by  2 ~I 
a n t i s e r u m  was  m e a s u r e d  The  assay" s y s t e m  c o n t a l n e d  a b o u t  0 6 m u m t s  c h l c k - e m b r y o  e n z y m e  ac t lv l ty  
wl th  c l t ra te -so luble  r a t  sk in  co l lagen  as a subs t r a t e  The  a r r o w s  m d l c a t e  the  m j e c t l o n s  o f  an t lgen  

Flg 2 Inh lb l t lon  of  g a l a c t o s y l h y d r o x y l y s y l  g ]ucosy l t r ans fe ra se  ac t lv l ty  (0 7 m u n l t s )  by v a ~ o u s  a m o u n t s  
of  n o n - l m m u n e  s e r u m  (a a) ,  or  a n t l s e r u m ,  us ing  c l t ra te -so luble  r a t  sk in  col lagen (e e )  or  
g a l a c t o s y l h y d r o x y l y s m e  (o o )  as a s u b s t r a t e  W h e n  g~dac tosy lhydroxy lys lne  was  used  as a subs t r a t e ,  
the  r eac t l on  was  s t o p p e d  by  a d d i n g  2 ml  1% p h o s p h o t u n g s t l c  acld  in  0 5 M HCI as usua l  b u t  a f t e r  cent r l f -  
uga t l o n  the  s u p e r n a t a n t  o f  the  s a m p l e  was  p laced  on a smal l  c o l u m n  c o n t a i n i n g  D o w e x  50-X8  in H ÷ f o r m  

and  t r e a t ed  as  desc r ibed  p rev lous ly  [ 1 7 ]  
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The antiserum was also tested by double lmmunodlffuslon,  and a single pre- 
cipitation lme was seen. Sunllar results were obtmned when the enzyme was 
heated for 10 min at 60°C before the test. A reaction of complete identity was 
obtained in Immunodiffuslon with pure and crude glucosyltransferase {Fig. 3). 

Cross-reactwtty of  the anttserum w~th galactosylhydroxylysyl glucosyltrans- 
ferase from dzfferent species The cross-reactivity of the chink-embryo enzyme 
antiserum was tested with galactosylhydroxylysyl glucosyltransferase from dif- 
ferent species both by studying the inhibition of the enzyme activity and using 
lmmunodlffuslon In the earlier experiments, the antiserum did not  show any 
cross-reactiwty with the enzyme from pig skin or human placenta, whereas a 
very slight cross-reactwlty could be seen with the rat and mouse glucosyltrans- 
ferase using this mhlbltlon techmque (Table I) Two additional experiments 
gave similar results (data not  shown) In the lmmunodiffuslon experiments a 
positive reaction was seen only with the chick embryo enzyme when the same 
amount  of enzyme units from chick embryo, human placenta, pig skin and rat 
and mouse kidney cortex were tested However, when partially purified human 
glucosyltransferase was applied to the lmmunod,ffuslon m a 10-fold excess over 
the chick embryo enzyme (m units}, a precipitation hne showing identity with 
the chmk~mbryo  glucosyltransferase was found 

/ 

Fig 3 Double tmmunodtffuston analysls of chlck-embryo crude (upper well) and pure (lower well) 

galactosylhydroxylysyl glucosyltransferase by antiserum (left well) prep~Lred against pure chlck-embryo 

galactosylhydroxylysyl glucosyltransferase The amount of crude enzyme apphed corresponded to the 

activity of 4 2 mumts under standard mcubatlon condltlons and that of puxe enzyme to 85 6 mumts The 
amount of antiserum used was 20 NI The right well was empty 

Fig 4 Doub le  t m m u n o d i f f u s l o n  analys ts  o f  g a l a c t o s y l h y d r o x y l y s y l  g l u c o s y l t r a n s f e r a s e  f r o m  va r ious  
c h i c k - e m b r y o  t i ssues  The  le f t  well  con tazned  c rude  e n z y m e  of  who le  ch tck  e m b r y o s ,  the  u p p e r  well  that  
of  t e n d o n ,  t h e  r tgh t  well  t h a t  o f  s t e r n u m ,  the  l ower  well t h a t  o f  kndney and  the  c e n t r e  we l l  the  a n t t s e r u m  
(20  ~1) The  a m o u n t  o f  t i ssue  e n z y m e  m each  case c o r r e s p o n d  to  an ac t i v i t y  of  a b o u t  2 6 m u n l t s  u n d e r  
standard m c u b a t t o n  c o n d i t i o n s  
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T A B L E  I 

I N H I B I T I O N  O F  G A L A C T O S Y L H Y D R O X Y L Y S Y L  G L U C O S Y L T R A N S F E R A S E  F R O M  D I F F E R E N T  
S P E C I E S  BY A N T I S E R U M  A G A I N S T  T H E  C H I C K - E M B R Y O  E N Z Y M E  

G e l a t u u z e d  Insoluble  ra t  sk in  col lagen was  used  as the  subs t r a t e  The  a m o u n t s  of  the  15 000  × g super -  
n a t a n t  o f  t he  t issue e x t r a c t s  were  a d j u s t e d  so t h a t  a b o u t  t he  s a m e  a m o u n t  o f  e n z y m e  u m t s  were  t e s t e d  m 
each  case 1 m u m t  of  e n z y m e  ac t iv i ty  was  de f l ned  as the  ac t ,v l ty  r e q u i r e d  to  synthesaze  an a m o u n t  o f  t he  

rachoactave p r o d u c t  (m  d p m )  c o r r e s p o n d i n g  to  1 n m o l ,  m 1 h at  37°C,  as d e s c r i b e d  p r e w o u s l y  [ 1 8 ]  

Sotlxce o f  e n z y m e  Act~wty f o u n d  

w* thou t  w l t h  5 #I a n t l s e r u m  wl th  I 0  pl  a n t l s e r u m  
a n t i s e r u m  * 

(mumts) (mumts) (%) (mumts) (%) 

Whole  c luck  e m b r y o s  0 49 
R a t  k l d n e y  c o r t e x  0 49 

Mouse  k l d n e y  c o r t e x  0 36 

H u m a n  p lacen ta  0 54 
Pig skln  0 58 

0 27 (55)  0 14 (28)  
0 48 (97)  0 45  (91)  
0 34  (93)  0 32 (91)  

0 54 ( 1 0 0 )  0 54 ( 1 0 0 )  

0 56 ( I 0 0 )  0 55 (98)  

* 5 pl  n o n - u n m u n e  s e r u m  was  used  i n s t ead  o f  a n t i s e r u m  

Cross-reactw~ty of the antiserum wzth galactosylhydroxylysyl glucosyl- 
transferase from different chwk-embryo t~ssues Crude preparations of  the 
glucosyltransferase from whole chink embryo,  chink embryo cartilage, chink 
embryo tendon and chink embryo kidney gave a reactmn of complete identity 
when analyzed by double lmmunodlffuslon (Fig. 4). 

The inhibition of the glucosyltransferase activity from various chink-embryo 
tissues was studied usmg different amounts  of the antiserum {Table II), the 
quanti ty of enzyme tested corresponding to about  the same amount  of activ- 
ity units m each case. The enzyme from spleen and tendon reqmred the lowest 
amount  of antiserum and those from heart and skin the highest amount  for a 
skrnflar degree of  Inhibition, but  the differences found were relatively small. 

T A B L E  II  

I N H I B I T I O N  O F  G A L A C T O S Y L H Y D R O X Y L Y S Y L  G L U C O S Y L T R A N S F E R A S E  A C T I V I T Y  F R O M  
D I F F E R E N T  C H I C K - E M B R Y O  T I S S U E S  BY A N T I S E R U M  

Cxtrate-soluble col lagen was  used  as a subs t r a t e  E n z y m e s  f r o m  d l f f e r e n t  t i ssues  c o m p a r e d  wl th  were  the  
15 000  × g s u p e r n a t a n t s  o f  t~ssue b o m o g e n a t e s  of  17-day-o ld  c h i c k  e m b r y o s  

TLssue E n z y m e  A m o u n t  o f  A m o u n t  o f  a n t i s e r u m  
ac t lv l ty  a n t l s e r u m  r e q u ~ e d  r e q u i r e d  for  m h l l u t l o n  
t e s t e d  for  50% u ~ I b l t l o n  * of  1 m u r a t  e n z y m e  ac t iv i ty  

( m u m t s )  (~1) OJl) 

Spleen 0 87 0 59 0 678  

T e n d o n  0 70 0 55 0 786 
K i d n e y  0 71 0 65 0 915  
S t e r n u m  0 74 0 72 0 973  

L u n g  0 58 0 62  1 069  
Hea r t  0 71 0 79 1 113  
Sk in  0 70 0 80  1 143  

* VazYmg a m o u n t s  of  a n t l s e r u m  were  a d d e d  to  the  m c u b a t a o n  mLxture  and  the  mlulu t~on o b s e r v e d  was  
p l o t t e d  aga ins t  the  a m o u n t  o f  a n t t s e r u m  u s e d  The  a m o u n t  o f  a n t i s e r u m  r e q m r e d  fo r  50% mht lu taon  
was  o b t a i n e d  f r o m  f lus  curve  
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T A B L E  III 

I N H I B I T I O N  OF P R O L Y L  H Y D R O X Y L A S E ,  L Y S Y L  H Y D R O X Y L A S E  AND H Y D R O X Y L Y S Y L  
G A L A C T O S Y L T R A N S F E R A S E  BY A N T I S E R U M  P R E P A R E D  A G A I N S T  G A L A C T O S Y L H Y D R O X -  
Y L Y S Y L  G L U C O S Y L T R A N S F E R A S E  

The  subs t ra t e  for  g a l a c t o s y / h y d r o x y l y s y l  g lueosy l t rans fe rase  was  e l t ra te-soluble  ra t  skin col lagen The  
e n z y m e  actav~t~es are exp r e s se d  as re la t lve  values ,  t ak ing  the  actavzty wl th  n o n - u n m u n e  s e r u m  as 1 0 0  Th e  
a m o u n t  of  g lucosy l t rans fe rase  and  lysyl  hydroxyLase  t e s t ed  c o r r e s p o n d e d  to  a b o u t  40  ng  pu re  e n z y m e  
p ro te in  and  t h a t  pure  pro ly l  h y d r o x y l a s e  was 20  ng The  ac t lv l ty  of  the  ga lac tosy l t ransfe rase  m m u m t s  
was  the  s a m e  as t h a t  of  the  g lucosy l t rans fe rase  

E n z y m e  Ac t tv l ty  

Galac t  o s y l h y d r o x y l y s y l  g lucosy l t rans  ferase 
H y d r o x y l y s y l  galact  osy l t rans  fer ase 
Lysy l  h y d r o x y l a s e  
Proly l  h y d r o x y l a s e  

w i th  5 # l a n t ~ e r u m  w l t h l O  # l a n t m e r u m  
(%) (%) 

1 8  8 
100 100  

9 8  96 
100  99 

Cross-reactwtty of  the antiserum wzth other mtracellular enzymes of  collagen 
synthes~s The antiserum did not inhibit the actlwty of three other intracellular 
enzymes of collagen synthesis, prolyl 4-hydroxylase, lysyl hydroxylase and 
hydroxylysyl galactosyltransferase (Table III), when tested with 5 or 10 pJ 
antiserum. All enzymes were prepared from chick embry6s. Prolyl hydroxylase 
was shown to be a pure protein when examined by SDS<ilsc electrophoresis 
[19], lysyl hydroxylase was highly purihed [22] and the glucosyltransferase 
and the galactosyltransferase were (NH4)2SO4 fractions of the chick-embryo 
homogenate [17]. 

Purtflcatzon of the antibodies The antibodies in the antiserum were further 
purified as shown m Table IV. A purlflcatmn of about 40-fold was achieved 
with (NI-L)2SO4 precipitatmn, DEAE-cellulose chromatography and unmuno- 
affmity chromatography on pure glucosyltransferase coupled to Sepharose 4B. 
The antibody ymld was 6% when measured m terms of its ability to inhibit glu- 
cosyltransferase activity. 

T A B L E  IV 

P U R I F I C A T I O N  OF A N T I B O D I E S  IN A N T I S E R U M  P R E P A R E D  A G A I N S T  C H I C K - E M B R Y O  G A L A C -  
T O S Y L H Y D R O X Y L Y S Y L  G L U C O S Y L T R A N S F E R A S E  

The  a m o u n t  of  e n z y m e  inhzbzted was  0 5 m u m t s  of  the  e n z y m e  actavzty m a s t a n d a r d  i n c u b a t i o n  condi -  
t ion  R e c o v e r y  is expressed  as u m t s  o f  p ro t e in  caus ing  a 50% m h / b l t l o n  

Pro te in  f ractaon To ta l  A m o u n t  of  R e c o v e r y  
p r o t e m  prote in  r e q u ~ e d  (%) 
( m g )  for  5 0 ~  inh ib i t ion  

(Pg) 

A n t i s e r u m  63 3 94  5 100  
IgG f rac t ion  4 .4  8 0 82 
Af t e r  i m m u n o a f h n a t y  c o l u m n  a nd  gel fzl trat ton 0 . I  2 5 6 
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Discussion 

Antlbodms agamst galactosylhydroxylysyl glucosyltransferase were prepared 
here for the first time, and their speclfmlty was ascertained by double :mmuno- 
diffusion, m whmh an ldentmal precipitation lme was found both with crude 
and pure enzyme. The ability of the antibody to precipitate the enzyme was 
not  altered when the enzyme was heated to destroy the secondary structure, 
suggesting that  the antibody mainly ldentffms the primary structure. Compari- 
son of the degrees of  inhibition with different substrates mdmates that the anti- 
serum is more effective when tested w:th denatured citrate-soluble collagen 
than with gelatme consisting of relatively short pieces of partially degraded 
polypeptlde chams or with free galactosylhydroxylysme It seems probable 
that  the reactmn of the ant ibody w:th the enzyme stencally prevents the bmd- 
mg of the substrate and that  the bmdmg site of the ant ibody is located m such 
a way that  the enzyme reaction can take place at least partially m the presence 
of antlbodms m the case of substrates of small molecular we:ght S:mflar find- 
ings have been reported on the mhlbltmn of tadpole collagenase activity by its 
ant:serum when tested with substrates of high and low molecular weight [23] 

The cross-reactlv:ty between galactosylhydroxylysyl glucosyltransferase 
from different species was found to be low when studied either by double 
lmmunodfffusmn or by mhlbltmn kmetms. Accordmgly, :t seems probable that  
the structure of the glucosyltransferase differs s:gnffmantly from one species to 
another. S:mflar results have been found m the case of prolyl hydroxylase,  :n 
that  only a weak cross-react:v:ty was observed between the enzyme from chick 
embryos and human tissues [24]. This contrasts with the cross-reactivity of col- 
lagen, whmh is very h:gh between different species (see Ref. 25). 

The ant:serum prepared against the glucosyltransferase from chink embryos 
showed no detectable cross-react:v:ty against other mtracellular enzymes of col- 
lagen bmsynthesis from chick embryos m the mhlb:t:on assay. 

Various chick-embryo tissues were found to contain an unmunologmally 
s:mflar enzyme form, a line of complete :dent:ty being seen m double :mmuno- 
dfffusmn between the enzyme from the whole embryo and the tendon,  k:dney 
and cartilage. Inh:bmon of galactosylhydroxylysyl glucosyltransferase tissues 
synthes:zmg different collagen types was relat:vely similar when compared with 
the marked differences found m glucosylgalactosylhydroxylysyl content  
between different collagen types Type I collagen from an adult animal con- 
tams 0.3 glucosylgalactosylhydroxylysyl res:due/1000 amino acM residues, for 
example, in contrast to type IV collagen, which consists of 32 glucosylgalac- 
tosylhydroxylysyl  residues/1000 amino ac:d resMues (see Ref 3) The data 
obtained by these analyses do not  support the hypothesis that  tissues syn- 
thes:zlng genetically distinct collagen types have galactosylhydroxylysyl glu- 
cosyltransferase isoenzym¢s with markedly different specific actlvitms or 
immunological properties. Nevertheless, small differences were found,  and 
these may naturally be due to enzymes with shght differences m their proper- 
ties, although they may also reflect the presence of small amounts of reactive 
enzyme or mh:bltors m t:ssues such as the heart and skin. It should be noted 
that  the results do not  completely elumnate the possibility of  a second glu- 
cosyltransferase (e.g., in kidney) having a very restricted substrate specificity 
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(type IV collagen) and umque antlgemc propertms. 
The antlbodms m the anhserum were purified using an lmmunoaffmlty  

column m whmh pure glucosyltransferase was coupled to Sepharose 4B, and a 
purffmatmn of about  40-fold was achmved. The yield remmned relatively low, 
however,  whmh may be due to partial lnactlvatmn of  the antlbodms by thmcy- 
anate, even though this was rapidly removed by gel ffltratmn. Purified antl- 
bodms should make it possible to obtmn further mformatmn on galactosyl- 
hydroxylysyl  glucosyltransferase (e.g., concernmg its locahzataon m the cell) 
using lmmunoelectrommroscopy.  
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