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Summary: The endo-m-N-acetylgalactosaminldase from Alcal igenes sp. could 
release T-antigen (GalBI--~3GalNAc), a carcinoma-associated marker from asia lo 
glycophorin and human ce l l s .  The released T-antigen from human cs ia lo  ery th-  
rocytes was determined by th in layer chromatography and gas l i qu id  chromatog- 
raphy. The released T-antigen from human gast r ic  carcinoma ce l l  Kato I I I  was 
i den t i f i ed  by high performance l i qu id  chromatographies with a reverse-phase 
column and a size f rac t lonat ion  column. Released T-antigen could be analyzed 
quan t l t a t i ve l y  by a sens i t i ve  method including pyridylamlno de r i va t i za t i on  and 
fol lowing high performance l i qu id  chromatography. This suggests that  the en- 
zyme is useful for  detect ion and determination of T-antigen from ce l l s ,  o199o 
Academlc Press, Inc. 

Glycosidases are considered to be useful tools for  e luc idat ion of the 

structures and functions of ce l l  surface carbohydrates, because they can 

l ibera te  the sugars or sugar chains from ce l l  surface glycoprotelns or glyco- 

l i p i ds  without strong damage to ce l l s  ( I ) .  Cell surface carbohydrates are 

very complex in length and type, and the glycosidases usual ly  show much less 

a c t i v i t y  on nat ive ce l l s  than on pure glycoproteins, or do not show the ac- 

t i v i t y  at a l l  on ce l l s  (2,3).  

Prevlously (4,5),  we reported an endo-~-N-acetylgalactosaminidase iso- 

lated from an Alcal igenes sp. with high enzyme a c t i v i t y  on various glyco- 

proteins or glycopeptides. I t  releases a disaccharide, GaI61-~3GalNAc, whlch 

is contained in most O-glycoslde sugar chains as a core structure.  This d ls -  

accharide is  also determined on the ce l l  surface as a Thomsen-Friedenreich an- 

#To whom correspondence should be addressed. 

Abbreviatlons used: PA, pyridylamlno; GalNAc, N-acetylgalactosamine; Gal, 
galactose; GAIN, galactosamine; NeuAc, N-acetylneuraminic acid; PNA, peanut 
agglut in in ;  HPLC, high performance l i qu id  chromatography. 
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t igen (T-antigen) immunodeterminant group, which has been proposed as a speci- 

f i c  carcinoma marker (6),  because the T-antigen is found to ex i s t  only on the 

surface of many carcinomas as an unmasked form. Recently, we developed a sen- 

s i t i v e  method for  detection and determination of an O-linked disaccharide, 

GalBI--~3GalNAc by a combination of endo-~-N-acetylgalactosaminidase and HPLC. 1 

Therefore, invest iga t ion  on the release of T-antigen from nat lve ce l l s  by 

the enzyme is  valuable and s i gn i f i can t  for  microanalysis of ce l l  malignant a l -  

te ra t ion .  In th is  communication, we describe the reaction of releasing T- 

antigen from human erythrocytes and nat ive human gast r ic  carcinoma ce l l s  (Kato 

I I I )  by endo-~-N-acetylgalactosaminidase of Alcaligenes sp. 

MATERIALS AND METHODS 

Mater ia ls.  Glycophorin was prepared from outdated human red ce l l s  according 
to the method of Marchesi et al (7).  Peanut agglut ln in  (PNA) l ec t i n  and PNA- 
agarose were purchased from Hohnen Oil  Co. Ltd. A standard disaccharide, 
GalBI--~3GalNAc, was prepared from as ia lo fe tu in  by the method w i l l  be reported 
elsewhere (8). Neuraminidase of Arthrobacter ureafaciens was obtained from 
the Marukin Soy Sauce Co., and endo-~-N-acetylgalactosaminidase of Alcal iqenes 
sp. was pur i f i ed  according to the method reported previously (9). Kato I I I  
human gast r ic  cancer ce l l s  were cultured on RPMI-1640 (Mazleton Biologics.  
Inc. KS., USA) supplemented with 10% fe ta l  bovine serum (Microbio l .  Assoc., 
Md., USA), under 5% CO 2 at 37°C for  3 days. Other reagents were from commer- 
c i a l l y  ava i lab le  products, 

Enzymic Reaction. Before use, the endo-~-N-acetylgalactosamlnidase and neur- 
aminidase were dialyzed against lOmM phosphate-buffered sal ine (pH6.0). For 
releasing disaccharide, the standard enzymic reactlon was carr ied out in Iml 
of the sal ine described above containing 15% fresh human red ce l l s ,  lOOmU 
neuraminidase and ll.4mU e~do-~-N-acetylgalactosaminidase, or O.5ml of the 
sal ine containing 3.6 x I0" K a t o - l l l  ce l l s  and ll.4mU endo-~-N-acetylgalac- 
tosaminidase at 37°C. Af ter  approximate time, the supernatant of reaction 
mixture was obtained by cent r i fugat lon at I000 rpm for  5min. 

Determination of  D1saccharide by Pyridylaminated Method. For determination of 
the released disaccharide, a pyridylamlnated method was used according to the 
method of Kondo et al ( I0 ) .  To the supernatant of reaction mixture, 9-volumes 
of ethanol were added. Af ter  kept at -20°C for  3hr, the f rac t ion  containing 
the disaccharlde was obtained by cent r l fugat ion at 3000 rpm for  5min, followed 
by evaporatlon to dryness. This procedure was repeated several times to 
remove impur i t ies  (prote ins,  sa l ts  e tc . )  as much as possible. The dried 
sample was mixed with I0~I of 2-aminopyridine (2.76g/ml acet ic acid) and 
heated at 90°C for  60min, followed by the addit ion of I0~I of 20% dimethyl-  
amine-borane in acet ic  acid at 80°C for  50min. To remove the excess reagent, 
the reactlon mixture was d i lu ted with O.3ml of water and applied to a Sephadex 
G-IO column (I x 50cm) equ i l ib ra ted with lOmM ammonium acetate buf fer  (pH6.0). 
The f rac t ions contalning Pa-disaccharide were combined for  determination with 
HPLCs. 

HPLC Analysis. A l i qu id  chromatograph (Hitachi model L-6200) equipped with a 
fluorescence spectrophotometer (Hitachi model F-I050) and a Rheodyne model 
7125 in jec to r  was used. The pyr idy lamino-der ivat ives were separated using a 
reversed-phase column (4.6 x 250mm, Ultrasphere-ODS, 5~mn, Beckman Instruments, 

1 Detai ls w i l l  be reported in elsewhere by J.-Q. Fan et a l .  
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Inc. )  with 25mM c i t r a t e  buffer  (pH5.4), containing 1.0% a c e t o n i t r i l e ,  or a 
s i ze - f rac t i ona t ion  column (4.6 x 250mm, TSK-GEL Amido-80, Tosoh Co.) with 3% 
acetic ac id - t r ie thy lamine (pH7.3), containing 80% ace ton i t r i l e ,  at a f low rate 
of l.Oml/min. For detect ion, an exc i ta t lon  wavelength of 310nm and an emis- 
sion wavelength of 380nm were used. The temperature of the column was kept at 
40°C for  ODS and 70°C for  Amido-80, respect ive ly .  

Thin Layer Chromatography (TLC). Thin layer chromatography was performed with 
the fo l lowing solvent: Isopropyl a lcohol-pyr id ine-H20-acet ic  acid (8 :8:4:1) .  
The spots were detected by a diphenylamine-ani l ine reagent ( I I ) .  

Gas Liqu]d Chromatographz. A f te r  hydrolysis with 4M t r i f l u o r o a c e t i c  acid at 
IO0°C for  4h, the monosaccharides were determined as the t r i m e t h y l s i l y l  
der iva t i ves  by a gas l i qu id  chromatography spectrometer with a glass column (3 
x 2000mm) of 3% SE-52 on chromosorb W (80-100 mesh). A flame ion iza t ion  
detector was used for  the analysts. 

RESULTS AND DISCUSSION 

Release of D1saccharide, Ga]BI--~3GalNAc from Asialo Glycophorin. Glycophorin 

is a major glycoprotein on human erythrocyte membrane, and contains 60% car- 

bohydrate and 40% protein (12). The carbohydrates were determined as 15 O- 

l inked sugar chains, a tetrasaccharide of NeuAc~2--~3GalBl--~3(NeuAca2--~6) 

GalNAc, and 1 N-l inked sugar chaln (13). The Alcaligenes endo-a-N-acetyl- 

galactosaminidase could act on the O-l lnked sugar chains of glycophorin, a f te r  

s i a l i c  acid release (5). We showed here that  a f te r  treatment with endo- 

~-N-acetylgalactosaminidase, the as2alo glycophorin could not bind to a PNA- 

agarose column (Fig. I ) ,  which was reported to s e l e c t i v e l y  recognize the d is -  

accharide, GalBI--~3GalNAc (14). This indicates that  most of the disaccharides 

contained in as ia lo glycophorin were released. This was also confirmed by 

comparing the amount of  released disaccharide and to ta l  disaccharide in as ia lo 

glycophorin, which was determined by gas chromatography, a f te r  acid hydrolys is 

(data not shown). The Michaelis constant (Km) for  as ia lo glycophorin was ob- 

served to be O.32mM. This value is lO-times lower, in comparison wlth those 

1,6 1 

° t! "N 

30 6bo 3b 6o 
Fraction number (lml/tube) 

I. A f f in i t y  Chromatography of Asialo Glycophorin on PNA-agarose Column. 
Sixteen mg of asialo glycophorin before ( I )  and after (2) treatment with 

50mU endo-~-_N-acetylgalactosaminldase in Iml of lOmM cl trate buffer (pH4.5) at 
37°C for 12hr was applied to a column of PNA-agarose (I x 15 cm) equilibrated 
with 50mM potassium-phosphate buffer (pH6.0). After washing with the same 
buffer, the absorbed asialo glycophorin was eluted with the buffer containing 
O. IM galactose. The arrows indicate the positlon of buffer change. 
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Fig. 2. Thin Layer Chromatography of Released Disaccharlde of Human Eryth- 
rocytes. 

The enzymlc reaction and pu r i f i ca t i on  procedures were carrled out as 
described under MATERIALS AND METHODS. Lane I,  Gal; lane 2, GalNAc; lane 3, 
from reaction mixture without the enzyme; lane 4, from reaction mixture with 
the enzyme; and lane 5, standard dlsaccharide, GalBI--*3GalNAc. 

F1q. 3. Gas Liquid Chromatograms of Hydrolyzates of Oligosaccharide Released 
from Human Erythrocytes and Standard Disaccharide. 

The temperature program used was 170°C for  4min, followed by a tempera- 
ture increase at a rate of O.5°C/min to 210~C and maintaining the temperature 
at 210°C for Imin. a, assigned to GAIN, and b, c , assigned to Gal were con- 
formed by another respective run of Gal and GaIN at the same condit ion. 
I, standard disaccharide; 2, ollgosaccharlde released from human erythrocytes 
by endo-~-N-acetylgalactosaminldase. 

f o r  a s i a l o f e t u l n  (3.7mM) and as ia l o  ~-caseln g lycopept lde  (3.2mM) (5) ,  which 

shows t h a t  the A l ca l i genes  endo-~-N-acety lga lac tosamin idase has h igher  a f -  

f i n i t y  to  a s i a l o  g l ycophor in .  

Release of  T-ant igen from Human Ery th rocy tes .  Since the enzyme could re lease 

the d isacchar ide  from as i a l o  g l ycophor in  w i th  high potency, i t s  ac t ion  on 

human e ry th rocy tes  was tested f u r t h e r .  

The hemagg lu t ina t ing  a c t i v i t i e s  o f  PNA, a T-ant igen recogn iz ing  l e c t i n ,  

f o r  na t i ve  human blood c e l l s ,  neuraminldase t rea ted blood c e l l s ,  and neur-  

aminidase and endo-~-N-acety lga lac tosamln idase t rea ted  blood c e l l s  were com- 

pared. Since T-an t igen  on na t i ve  e ry th rocy tes  was masked by two s l a l i c  ac ids ,  

the na t i ve  c e l l s  could not be agg lu t i na ted  by PNA at  any concen t ra t i on  of  PNA. 

The neuraminidase t rea ted  c e l l s  were s t r o n g l y  agg lu t i na ted ,  and by subsequent 

t reatment  w2th endo-~-N-acety lga lac tosamin idase the a g g l u t i n a t i o n  was m i t i -  

gated but could not be d isso lved .  Th ls  suggests t ha t  the endo-~-N-ace ty l -  

galactosaminidase p a r t i a l l y  12berated the T-ant igen from human e ry th rocy tes  

under t h i s  reac t ion  c o n d i t i o n .  

To conf i rm the T-an t igen  re lease,  the f o l l o w i n g  procedures were ca r r i ed  

out.  The enzymic reac t i on  m ix tu re  which was obta ined by the method descr ibed 

under MATERIALS AND METHODS was subjected to  t h i n  l aye r  chromatography. As 
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Fig. 4. Release of T-antigen from Human Erythrocytes by Endo-~-_N-acetyl- 
galactosaminidase. 

The enzyme reactions were carried out as described under MATERIALS AND 
METHODS. The released T-antigen was determlned on reverse-phase HPLC as i ts  
pyridylamlno-derivative, 

Fig. 5. Determination of Released T-antlgen of Kato I I I  on HPLCs. 
Enzymic release and pur i f l ca t lon  w~re performed according to the method 

as shown in the text  except that 5 x I0 cel ls were used. The released T- 
antigen was pyridylaminated and determlned on a s ize- f ract ionat ion HPLC (I ,  2) 
and a reverse-phase HPLC (3, 4). 1 and 3, reaction mixture without the 
enzyme; 2 and 4, reaction mixture with the enzyme. The arrows show the posi- 
t lon of PA-disaccharide e lut ion.  

shown in Fig. 2, a carbohydrate spot at  the Rf value s i m i l a r  to t ha t  o f  the 

standard d isacchar ide ,  GalBI-~3GalNAc was found in the reac t ion  mix ture  i n -  

cubated wi th endo-~-_N-acetylgalactosamlnidase ( lane 4), but not in the reac-  

t i on  mix ture  w i thou t  the enzyme ( lane 3). This spot could be detected by 

Morgan-Elson reagent (15) (data not shown), which ind ica ted  tha t  the car -  

bohydrate has an N-acety l  amino sugar at  the reducing end. The components o f  

carbohydrate released from e ry th rocy te  were a lso determined by gas l i q u i d  

chromatography (Fig.  3). The p r o f i l e  o f  gas l i q u i d  chromatography was found 

to  be very s i m i l a r  to t ha t  o f  standard d isacchar ide,  which demonstrates tha t  

the released carbohydrate contains galactose and N-acety lga lac tosamine ( the 

r a t i o  o f  t h i s  two sugars was determined as 1:1.16) .  These f i nd ings  i n d i c a t e  

tha t  the endo-~-N-acety lga lactosamin idase could re lease T-ant igen from e ry th -  

rocytes a f t e r  neuraminldase t reatment .  Fig. 4 shows the t ime course o f  the T- 

8O 

40 

-a 

J 
3~ 6o0 

Reaction time (rain) 
10 

bzyme (mU) 

F_ig. 6. Release of T-antigen from Kato I I I  by Endo-~-N-acetylgalactos- 
aminidase. 

Al l  experimental procedures were done as indicated under MATERIALS AND 
METHODS except: a, 14mU enzyme was used; and b, the reaction time was 30min. 

3 4 5  
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ant igen re lease by endo-~-N-acety lga lac tosamin idase.  A f t e r  l - h r  reac t i on ,  ap- 

p rox ima te l y  30nmol o f  d isacchar ide  was l i b e r a t e d ,  which suggests t ha t  the en- 

zyme acts not on ly  on g l y cop ro te l n  but also on e ry th rocy tes  w i th  high potency. 

Re]ease o f  T-ant lgen from Nat ive Human Gas t r i c  Cancer Cel l  Kato I I I .  Since 

the T-ant igen was found to be present  on many carcinomas, such as lymphoma, 

breast  carcinoma and g a s t r i c  cancer (16-18) ,  and are scarce ly  expressed on 

normal human c e l l s  (19) ,  i t  was proposed t ha t  i t  i s  use fu l  as a carcinoma- 

associated marker. Therefore,  i f  the endo-~-N-acety lga lac tosamln idase could 

re lease the T-an t igen ,  the enzyme could be considered to  be usefu l  f o r  judg-  

ment of  emerglng c l ~ n i c a l  cancer, because the enzymic released d lsacchar ide  

(an ep i tope o f  T -an t lgen)  has an aldehyde res idue in  the reducing end and is  

de tec tab le  q u a n t l t a t i v e l y  In a p l c o - l e v e l  assay. 

Kato I I I ,  human g a s t r i c  carclnoma c e l l  l i n e  which was repor ted to conta in  

peanut a g g l u t i n i n s  receptor ,  T -an t igen  (18),  was used in  t h l s  i n v e s t i g a t i o n .  

The carbohydrates produced in  the enzymic reac t i on  mix tu re  were der ived w i th  

pyr idy lamino  reagent by the method descr ibed in  MATERIALS AND METHODS. As 

shown in  Fig.  5, a f t e r  t reatment  w l th  the enzyme, a new PA-de r l va t i ve  of  ca r -  

bohydrate was appeared. This PA-de r i va t i ve  was found to be e lu ted  at  the same 

pos i t l on  as the py r i dy lam ino -d l saccha r i de  standard on reverse-phase HPLC and 

s ize f r a c t i o n a t l o n  HPLC. Since Tomlya et  al proposed t ha t  these two HPLCs 

could be used f o r  s t r u c t u r a l  ana l ys i s  of  the released o l lgosacchar ldes  (20),  

we decided t h a t  t h i s  PA-carbohydrate was a PA-d isacchar ide.  Thls means tha t  

the endo-~-N-acety lga lac tosamin idase can l i b e r a t e  the T -an t igen  from na t i ve  

Kato I I I  c e l l s .  The amounts of  PA-disacchar ide increased w i t h  the reac t ion  

t lme and the increase of  the enzyme amounts as shown in  Fig.  6. This i n d i -  

cated t ha t  the enzyme could be used to de tec t  the T-an t igen  at  the pmo l - l eve l .  

Compared w i th  e ry th rocy tes ,  released T-ant igen of  Kato I I I  was found much 
7 

less (approx imate ly  O.5nmol PA-disacchar ide was detected from 5 x I0 c e l l s  by 

incuba t ion  w i t h  20mU of  enzyme at  37°C fo r  3hr ) .  Th is  may be due to  the f a c t  

t h a t  the c e l l  sur face carbohydrates of  Kato I I I  were more complex (18) ,  which 

showed i n t e r r u p t i o n  of  the enzyme to  a t tack  T -an t igen .  Al though the T-an t igen  

could be detected by the l e c t i n s  recogn iz ing  T-an t igen ,  such as PNA and 

amaranthin, however, the the l e c t i n - i n t e r a c t i o n  found not on ly  w i th  T -d i sac -  

char lde,  but also w i th  o ther  carbohydrates w i th  lower potency (21).  There- 

fore,  the endo-~-N-acety lga lac tosamln idase of  A lca l i genes  sp. was considered 

to be usefu l  f o r  mon i to r ing  the amount of  T-ant igen (GalBI--~3GalNAc) in  c e l l s ,  

because t h i s  enzyme could l i b e r a t e  the T-an t igen  from na t i ve  c e l l s  and the 

released T-an t igen  could be detected s e n s i t i v e l y  in  a very  small scale as 

descr ibed above. 
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