
The gelchrdmatugraphic behhiour of k; B and H subsfamcek from urine was examined 
‘and compared with that of ~re~ously d&scribed ABH s&v&y fka&ions. U&nary fractions’ 

‘1and2~~bi~amoIecuZarsizesmallerthanthose’ofsalivaryfractions1sdd2_k,the 
urine of 52 subieets a poLymorpbism of A, B end Ii substances, with folv main types, was 
observed which is independent of the szslivz~ one and of the so-calIed secretor and non- 
secretor status. 

_ 

: INTRO-DUCTIOY -. : 
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MATERIAJS AND METHODS 

Preparation of t&e qwnples 
Urine. Urine specimens were collected from 52 he&hy~subje&s selected 

from those previously tested for ABH salivary types [3]. The urine of two 
children of a couple of true non-secretors included in the group was also 
examined. 250-350 ml of urine were usually obtained from each subject. 
In some case.., when a Krger amount of group-specific substances was n.eeded 
for particular analytical. work, 2000-4000 ml were processed. Each. sample 
was usually concentrated some hours after collection or, sometimes, preserved 
at -20” until examined. Desalting by dialysis was as a. rule omitted to pre- 
vent loss of low-molecular-weight dialysable fractions. Samples were con- 
centrated to a syrup in a rotating evaporator at 30-35”, and then kept at 
4” for 5-6 h. The precipit&ed material was discarded by centrifugation and 
the liquid further concentrated to 8-10 ml. The final fluid was again main- 
tained at 4” overnight to precipitate other salts, and an aliquot was subjected 
to gel chromatography_ The remaining solution was kept at -20” for sub- 
sequent controls_ Additional steps in the concentration process were required 
when 20004000 ml of urine were examined. Because such samples were 
dialysed after the first evaporation, a 100X-200X concentration was easily 
reached. 

Saliva. Saliva specimens were obtained from .the same subjects and gel 
chromatogmpheci for serological assays to check the ABH secretory types as 

previously described [3 3. Only in some cases was the presence of sub-&c- 
tions 4 and 5 [4] tested for. 

Gel and ion-exchange chromatography 
Sephadex G-25 (Pharmacia, Uppsala, Sweden) columns (20 X 1.2 cm) 

were routinely used for the determination of the individual urinary ABH 
patterns. Different bed sizes of the same gel (28 X 1.2 cm, or 50 X 1.2 cm) 
were used when grouping was performed by the automated haemagglutina- 
tion-inhibition method. Distilled water was used as eluent. The flow-rates 
were maintained‘at IO-12 ml/h, and fractions of about l-l.5 ml were col- 
lecti. ‘_ 

For other analytical or preparative purpose, gel filtration was carried out 
on larger Sephadex G-25 columns (42 X 2.5 cm) and on Sephadex G-15 (28 X 

1.2 cm), Sephadex G-100 (20 cm X 1.2 cm), Sephadex G-200 (40 X x.5 cm) 
and on agarose Bio-Gel A-15m (100-200 mesh) a.ud A-5Om (50-100 mesh) 
(Bio-Rad Labs., Richmond, Calif., U.S.A.), 62 cm X 1.5 cm cohnuns, with 
distilled water, or 0.05 M Tris-HCl buffer (pH- 7.3) co&an&g 0.9% sodium 
chloride, as eluents. Blue Dextran 2009, De&ran 200.000 (Pharmacia), and 
IgG anti-A antibodies were used as reference substances~ for the latter gels. 
The reference substances were detected by UV absorption spectrophoto- 
metry at 260 nm, by the orcinolsulphuric acid test -and by h&emagglutina- 
tion of A red cells, respectively. 

Dtiysis and ultrufiltition 
Dialyses and ulMtrations were carried out at 4” in Visking 32/32 tubing 
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(Scient. Insir.. Ceidxe, London; Great Britain). KM 100 and DM 10 Diaflo 
membranesv&h an Amicon Model 52 ultrafiltration cell (Amicon, Ooster- 
bout, me- Netherlands) were also used with nitrogen at differential pressures 
of 0.68 kg/cm* and 3 kg/cm*, respectively. 

The manual teAtube method previously described was used for all speci- 
mens [3]. 

In many cases the results obtained by the manual method were checked by 
the automated technique suggested by Sturgeon and McQuiston [25] and by 
Sturgeon et al. [26] slightly modified [27]. 

With the automated method some drawbacks were ‘observed. First, there 
was interference of urinary pigments in the photometric determination of 
haemoglobin. With short Sephadex G-25 beds (20 X 1.2 cm) these pigments 
were eluted as a yellow band at an elution volume of 25 ml, the same as urinary 
group-specific fraction 2. There was separation with 28 X 1.2 cm beds and 
this was improved in larger cohunns where the pigments separated into two 
yellow bands, at elution volumes of 205 and 260 ml, respectively, and a red 
band at 235 ml. 

Another drawback of the automated technique applied to eluates of‘urine 
was the irregular “agglutination base”. This was caused by the slight haemo- 
lytic activity of the eluates, which could not be avoided even when they were 
carefully made isotonic. The haemolysis effect increased in the fractions eluted 
immediately before the urinary pigments. 

Carbohydrate analyses 
Qualitative analyses of neutral sugars and amino-sugars were carried out on 

purified urinary ABH substances. 
Purification 02 urinary fraction 1 was difficult owing to the presence in 

urine samples of a number of high-molecuk-wqight carbohydrate-containing 
compounds ]28, 29]_ Different methods were tried on 4000~ml samples of 
urine, i.e. modifications of the original methods proposed by King et al. ]lS] 
and by Kobayasi et al. [14]. 

Most satisfactory results were obtained by the following technique. Three 
4000-ml samples of urine containing group A fraction 1 and two samples con- 
taining B fraction 1 were concentrated to 300 ml, dialysed, concentrated to 
4 ml and gel chromatographed on a 42 X 2.5 cm Sephadex G-25 column. 
The excluded effluent was recycled on Sephadex G-200. The serologically 
active, excluded peak was gel filtered through Bio-Gel A-50m and the active 
fraction finally hydrolysed with 2 M hydrochloric acid for 3 h at 110”. The 
hydrolysate was concentrated to dryness over sodium hydrokide and phos- 
phorus pentoxide in a vacuum dessicator. As a control, two 4000~ml samples 
were taken from a group A and from a group B subject lacking ABH specific 
substances in urine. 

Neufml sugars. Neutral sugars were detected by paper chromatography and 
by gas-liquid chromatography. 

Paper chromatography was carried out on Whatman No. 1 paper (57 X 
29.5 cm) with I-butanol-pyridine-water (6:4:2) as solvent. The reducing 
sugars were detected by a silver-dip reagent 1301. 
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A modification df the .tiethodl .of 8weeley et :al; [ 31:]. Was: adopte& for 
-GLG.. The gas chromatograph‘ wak a’.Mod& Fzza&ova@ 2300 ~ from :Carlti- Erba 
(Milan, I&y), ‘equipped: tit&.a d&-flam& d&ectotiSyk :sdd d Spk&l~max 
L~s&No~pr-order_ _. .‘; .- : ._ ::--_! -:v::‘~ 

The sepaktion of trimethylsilyl ethers of sugars was carried out on Chro- 
mosorb W (SO-80 mesh) coated with 1.5%OV-17; obtained &oni Carlo-Erba. 
Glass columns were 6 ft. ,X l/S in. I:D. The coliunns Were CQnditioned at-250” 
without gas flow for several hours and then at the same temperakre-tith 
-normal gas flow for an zkdditional 2-h. The flow of the tier gas (nitrogen) 
was 30 ml/mhi. The tempera- of ‘operatiori was ZOO?. Sampl& of Ipl were 
usedfromato~~of50ylofthesilanized~~ct. = :. -. .’ I .::- 

Hexosamines were detected by- paper chromatography and GLC after the 
hydrolysis proceduresuggested by Lundblad [21]. 

- 

RESULTS 
‘::. 

The group-specific fi-actbn excluded from Sephadex -6-200 -. 
The non-dialysable, non-ultrafiltrable fraction of the A, I3 and H substances 

[IS] was found in the concentrated urine of some subjects only (see Tables I 
and II). This serologicalay active- fraction, which- has been called urinary frac- 
tion 1 (uyl), was excIuded from Sephadex G-25 columns of various sizes-and 
also from Sephadex Gil00 and G-200 cohmk. The data were obtained bJ! gel 
chromatographing Concentrated urine in amounts ranging from 1.5 (in small 
columns) 60 3-4 ml (in larger columns). uF1 was precipitable with four vol- 
umes of t&an01 or methanol and the precipitate was readily soluble in saline 
or in diluted aqueous sodium acetate solution. 

As this behaviour is the same as that of the high-molecular-weight salivary 
fraction 1 (sFl), a further chromatographic compar&on betweec the two sub- 
stances was made on Bio-Gel A-15 m, and a clear~ut difference result&i from 
these experime&s. Specimens of saliva (3 ml) containing. group A or B sF1 
were gel filtered on the agarose-bed, and sFl was eluted at 52 ml. On the 
other hand, uF1, isolated by- exclusion chromatography on-Sephadex G-200, 
had zn elution volume of 170 ml on Bio-Gel A-15m (Fig. 1). ThisresUlt was 
confirmed by direct- gel filtration on the same gel of some samples of. con- 
centrated utine containing uF1; . 

. 

DISTRIBUTI&OFTHG~OURbH.JRINARY Pk’Etif3 : ~ 

urinary Y- -Blood group -Total Percenee . ’ 
fraction .- 

A B-0. _.’ 

. 
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COMJ?ARESON OF THE ABH URINARY AND SALEVARY PAmRNS . _ 

Stibject Group salivary patterns Urine 
_ - ~_ 

:_ 

239. 
M.G. 
P.G. 
G-V-G. 

’ F.A. 
DJ6.D. 
G.V. 
T.F. 
B.L. 
F.A. 
S.A. 
s-v_ 
C.G. 

:I 
Ai 
A.M. 
M.G. 
M.A. 

BRBR- 
B&I 
C.A. 
B.S. 
D.C.F. 
CL. 

Ei- 
L.L, 
D.A.P. 
GM. 
TX 
A-V. 
S.P. 
G.M. 

ii?& 
B.F. 
F.S. 
C.G. 
V.R.N. 
D.M.L. 
M.C. 
C.S. 
S.A. 
F.A. 
C.G. 
F.M.T. 
BAA. 
P-V_ 
C.A. 
N.F. : 

B 
B 
A- 
A 
0 
0 

.O 
B 
A 
B 
AB 

: 

: 
A 
0 

.O 
0 

t 
0 
0 
A 
0 
0 

t 
A 
B 
B 
B 

5: 
Al3 

: 
A 
0 
A 

r 

: 
4. 
E 
B 

iB 

2 
A 

B-13 
B-1,2 

A-1 
H-l 
H-l,2 
H-1 

A-1,2,3 
B-l 
A-l/B-l 

H-1,3 
H-1.3 

H-1,2,3 
H-l,3 
A-1,3 
H-l.3 
H-l 
H-l 

H-1,2.3 
H-1 
A-1,2,3 
H-l 
A-l 
B-1,2,3 

B-1,2,3 
B-1,3 
B-1.3 

- A-l/B-l 
H-1,2,3 

A-l 

g:; 3 

A-l;B-1 
H-1 
H-1 
H-l 
A-1,2,3 
E-1,2,3 
B-1,2,3/4,5 
A-1,2/B-l 
A-1.2.314.5 
H-1,3. 

A-1,3 

A-2,3 

.B- 

H-3 
H-2,3 

A- 
H- 

A-2,3 

B- 

A- 

?xJ?l~2 
uFl--uFZ 
*- .’ 

UFl 
uF- 
UF- 
&- 
llF- 
tlF1 
llF1 
uF2 
UF- 
UF- 
uFl--uF2 

- 

i&F2 
UFl 

.UFl 
uF2 
uFl--uFZ 
uF- 
UF- 
uF- 
uF2 
UF- 
UF- 

s4 
uFl--uFS 
uFl~F2 
uF2 
uFl-uF2 
uFl-uF2 
uF1 
uFl--uFZ 
uJ?- 
UF- 
uF1 
UF- 
uF2 
uFl-uF2 
uF- 
UF- 
UF- 
uF- 
UF- 
uFl1aF2/3,4,5 
uFl-uF2/3,4,5~ 
uFllrF2/3,4,5 
s-/3,4,5 
uFl-uF2/3 
uF1/3 
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Fig-l. Gel filtration on Bio-Gel A-15m (60 x 1.5 cm) of Blue Dextran (bdx), group A 
salivary fraction 1 (SFl), group A urinary fraction 1 (uF1) anti-A IgG antibodies and Dex- 
trans 200.000 (dx 2). The results of that inhibition of haemagglutination, in this figure 
endinFig_2,are~oredasfollo~:O=oneclump;1=~;2=tt-;3=~;4=i;5=- 
(no agglutination). 

To obtain further information about the molecular size of uF1, 500 ml of 
urine containing group A uF1 were dialysed and ultrafiltered through an 
XM-100 Diafio membrane. The ultrafiltrate was concentrated to a few milli- 
liters and, as well as the retentate, filtered on Sephadex G-206. Serological 
activity was found in the excluded effluent of the ukafiltrate only. The ex- 
periment was repeated with a PM-10 Dhflo membrane and the group-specifk 
activity was detected in the retentate. 

The specific serological activity of uF1 eked from short columns of 
Sephadex G-25 was variable when studied by the manual method. In most 
cases an inhibition score of 3 (i.e. agglutination +) was observed in 4-5 elution 
tubes. In other cases, the inhibition score was 4 (k) or 2 (++), the antiserum 
being selected to give inhibition 0 (clump) in negative tubes. -Comparable 
results were obtained with the automated method. 

Qua&dive analysis of sugars. Qualitative analysis of sugars of uFl were 
carried out with the chief aim of ascertaining the presence of glucose. The 
most reliable results were obtained by the purification procedure which had, 
as final step, gel chromatography on Bio-Gel A Wm. 

Both paper and gas-liquid chromatography disclosed in all samples the 
presence of glucose, galactose, fucose and hexosamines. No sugar was de- 
tected on the material from the subjects lacking group-specific substances in 
urine. 

The low-molecular-weight ABH urinary fmctibns 
In 6 cases only (see Table II, Nos. 47, 48, 45, 50, 51 and 52) low-molec- : 
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alar-weight, d&&sable, water- and alcohol-soluble fratitions were found in 
urine which had the same gel&romatOgraphic b&h&our with Sephadex 
G-25 as fractions 3,4 and 5 of salivaand red cells [4]. 

Another fraction, which was alcohol- and water-soluble, ‘ and ult&ltzable 
but not dialytible, was detect& in a number of subjects, alone or ~ociated 
with uFl. As ffie elution volume (20 ml) -of. this fraction on Sephadex G-100 
columns was only slightly different from that of salivary fzaction 2 (10 ml), 
it was called urinary fraction 2 (uF2). However, a further study disclosed 
some differences between uF2 and salivm &a&ion 2 (sF2). sF2 was not 
ultrafilttable, as demonstzated by experiments on specimens of whole saliva 
containing sF2. On Sephadex G-25, sF2 was &xcluded while uF2 v&s retained. 
The elution volumes of gF2 with this latter gel were the following: 25 ml on 
columns 20 cm X 1.2 cm (void volume 17 ml); 28 mi on columns 28 cm X 
1.2 cm (void volume 25 ml), 178 ml on columns 42 cm X 2.5 cm (void vol- 
ume 90 ml). uF2 was excluded from Sepbadex G-15. 

SeroZugka~ activity. The specific serological activity of uF2 according to 
the manual test was sometimes stronger than that of uF1 contained in the 
same sample. An almost complete inhibition (agglutination t) in two or three 
tubes, and more frequently a 3 (+) score, was observed.. 

Qz&&ztiue analysis of sugars. The qualitative analysis of sugars of uF2 was 
carried out on a group A uF2 isolated from a 5000~ml sample of urine which 
had been dialysed, concentrated to a few millilitres and, filtered on a large 
Sephadex G-25 column. The active fraction was purified -on Sephadex G-15 
and hydrolysed titb 2 M hydrochloric acid, Paper’&roma%ography and 
gas-liquid chromatography disclosed the presence of glucose, gdactose, 
fucose and hexosamines. 

I~dividuaZ gel-chmma tographic patterns 
Four main gelchromatographic patterns were found in the urine of the 

subjects examined, as shown in Fig. ~2. In some individuals only uF1 was 
found in the urine, in others only uF2; and in some ofhers hot@ uF1 and uF2. 
In a fourth group of subjects no active ABH fraction was detected. Only 
6 persons had some additional small fractions (see Table Ii). 

The data were all obtained by the manual serological me&od. In many 
cases, samples of the same stibject taken at different times were examined, 
with identical results. A number of specimens was also checked by the auto- 
mated technique. Fig. 3 (a,b,c) shows some of the findings. 

The different distributions of the four main tsrpes are rep&ted in Table I, 
where the symbol uF- indicates the absence of both uF1 and uF2. 

In Table Ii the ABH urinary and salivary pa&terns of each subject are com- 
pared. Sub-fractions 4 and 5 were determined ody @ the saliva of those 
subjects who had fractions 3,4 and 5 in the tie. 

Some individuals, whose saliva contained sF1 and were therefore called 
secretors, had only uF2 -(e.g. Nos. 19, 28, 40) or no fraction (e.g. Nos. 5, 
6, 7, 15, 45, etc.) in the urine. Additional evidence of these findings was 
giwen by the study of a family (EJg_ 4; the parents me Nos. 16 and.17 in Table 
II). Tbe couple and the children bad no group-specif%z fraction in their saliva, 
all being true non-secretors, and had uF1 or uFl/uFS in tie urine. 
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Fig.2. f3cbmatiq tipres?ntation of the four urimmy ABEi gel-ahtion Qrpes determined 
on 20X L2cmSephadexG25columns. 
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urine A(uFi-uF2 ) 

ral;va A CA-/H-) 
true non ICE. 

urine A (IIFS-uF2 ) 

Fig-l. The ABH salivary and urinary gel chromatographic patterns of a family of true non- 
secretors. All the members had groupqecZic substances in urine. 

DISCUSSION 

Comparison of present finciings with previous data on urinary A, B and H 
substances 

Urinary fmction 2. uF1 of ABH substances is the same alcohol-precipitable 
[ll] , non-dialysable and non-ultrafiltrable [X3-20] group-specific &lyco- 
protein as identified by Yoshida in 1928 [8] and studied by a number of 
authors [9-11,13,14,16,18-201. 

Un3m-y group-specific fruction 2. uF2 is the same non-dialysable, ultra- 
filtrable fraction first described by King et al. [17] and exhaustively purified 
and studied by Lundblad 121-23 J and by Bjorndal and Lundblad [24], whose 
gel chromatographic data are comparable with ours. 

MolecuZar size. The molecular .&es of uFJ_ and uF2 are different from those 
of salivary fractions 1 (sF1) and 2 (sF2). As far as the larger uF1 group-spe- 
cific urinary glycoprotein [ZO] is concerned, this is excluded from Sephadex 
G-200 with sF1 but is eluted much later than sF1 on Bio-gel A-15m. In addi- 
tion, uF1 .is ultrafiltered through XM-100 Diaflo membrane as is dextran, 
with a molecular weight of 250,000 daltons, but sF1 is not. Finally, uF1 
is retained by PM-10 Diaflo membranes that do not hold dextran with a mo- 
lecular weight of 100,000 daltons. 

Taking the above data together one can surmise that the molecular weight 
of uF1 could fall within the range 150,000-200,000. 

The behaviour of uF1 on Bio-Gel A-15m, compared with that of reference 
substances of known molecukr weight, suggests an adsorption effect. 

Urinary fraction 2 (uF2) is an oligosaccharide [21~24], sm&er than sF2 
and larger than salivary fraction 3 (sF3). In fact, uF2 is ulfzafiltrable but 
not dialysabie and is retained on Sephadex G-25, whereas sF2 is neither dia- 
lysable nor ultraIiItrable and is excluded from the same gel; sF3 is mysable 
and uhrafiltrable, and is eluted from Sephadex G-25 much later than uF2 
[l, 3]_ From the above data the molecular weight of uF2 could be evaluated 
as being in the range of 4000-5000 daltons. 

The comparison of gel-chromatographic and ultrafiltration data obtained 
from uF1 and uF2 with those of AEH fractions from red cells 161 leads to 
the same concltiions as regards molecular size, ~ 

Glucose. Glucose has been detected in both urinary fractions l- and 2, in 
agreement with Lundblad’s results [20-241 and. in contrast with previous 



analytical data on urinary -group-specific fractions 
contrasting results should be chiefly ascribable to 
procedure adopted. 
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[9, 14-16, 181. These 
the different analytical 

The presence of glucose in both group-specific fractioti is relevant for 
their inclusion in the class of glucos~ontaining ABH substances such as 
salivary fractions 2, 3, 4 and 5 [32] and of glycolipids of red cells. Therefore 
urinary fractions have no evident relationship to the glucose-&e high-mo- 
lecular weight salivary &action 1 (see ref. 33). 

Urinmy and salivcrsy polymorphisrrz of A, B and N substances 
It has been shown in previous papers [l-3] &&at the so-calkd secretor 

and non-secretor st&us is not dimorphic but polymorphic. Eight main types 
have been identified in saliva of which one type is represented by a few true 
non-secretors and the remainder by various associations of the group-spe- 
cific fractions 1, 2 and 3. These findings have been recently confkmed .by 
Ueda [34]. As sali- &&ion 3 is sometimes associated with sub-h&ions 4 
and 5, or with both these small fractions, sub-types were also identified. 
Thus the possible patterns are twenty 141. 

There is now evidence for a molecular polymorphism of A, B and H sub- 
stances in urine too. In fact the same A.BH pattern was found in several spec- 
imens of urine taken at different times from the same individuals, and four 
types of these constantly reproducible individual patterns were identified, 
i.e. no ABH group-specific activity, uF1 or uF2 only, both uF1 and uF2 
(Fig. 2). 

The ABH urinary polymorphism shows no demonstrable relationship to 
the salivary one. Some individuals whose saliva contains sFl and can there- 
fore be called secretors according to the old classification, have only uF2 
(e.g. Nos. 19, 28 and 40 of Table J_I) or no fraction (e.g. Nos. 3, 5, 7, 15, 
45 of Table II) in their urine. Good additional evidence of these findings 
is given by the family reported in Fig. 4 where all members are true non- 
secretors in saliva, but have ABH fractions in their urines: 

We have no data at present to explain the presence in urine of a molecule 
as large as urinary group-specific glycoprotein uF1. The .hypothesis could be 
advanced that biosynthesis and secretion of ABH urinary substances occur in 
some cells of the urinary system. 

The possibility of a genetic dete rminism will now be considered to ex- 
plain the distribution of the types within the ABO groups. However, the 
genetic analysis requires still other information not yet-available. 
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