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ABSTRACT’ 

The speclficlty of Barzderraea sunphclfofra lectm I (BS I) has been studled by 

competltlve-bmdmg assays (CBA) usmg tntmm-labeled human B and hog A sub- 

stances Blood-group B substances Isolated from horse gastric mucosae and from 

human ovanan-cyst flu& were much better Itibltors of bmdmg of trltlated blood- 

group B substance to msoluble BS I-Sepharose 2B than were human blood-group A 
substances from sahva and ovanan-cyst fluid A and B actxve blood-group substances 

showed the same range of potency In mhxbltmg blndmg of tntrum-labeled hog A 
substance to BS I-Sepharose 2B 

CBA \\lth BS I-Sepharose 2B, labeled human blood-group B substance, and 
human blood-group A and B active ohgosacchandes separated the haptens mto two 
groups dlffermg m slope Group 1, contammg methyl rw-D-GalNAcp, D-GalNAcp, and 
an A actwe pentasaccharlde AR, 0 52, wth 3, 19, and 25 run01 respectwely needed 

for 50% mhlbltlon of bmdmg, has a lower slope than group 2, which contams 
z-D-GalNAcp-(1+3)-2-acetarmdo-2-deoxy-D-galactitol and p-mtrophenyl Q-D- 

GaINAcp, wth 3 nmol of each required for 50% mhlbltlon of bmdmg, as well as ten 
glycosldes with termmal, nonreducmg, cr-lmked D-Galp The most potent mlubltors 
of this group were p-mtrophenyl cc-D-GaIp, a-D-Galp-(l-,3)-D-Galp, a-D-Galp- 

(l-,6)-D-Glcp, and methyl sr-D-Galp, wth 5, 7 4, 9 6, and 11 run01 respectively 
needed to mhlblt bmdmg by 50% The difference In slopes was explainable m terms 
of a recent findmg that BS I exists as a nuxture of five Isolectms composed of two 

*AIded by NatIonal Science Foundation Grants BMS-72-02219 A04 and PCM 76-81029 
TFrom Part III of a dlssertatlon submltted by E C Klsallus m partial fiufilment of the reqwrements 
for the degree of Doctor of PhllosophJ m the Faculty of Pure Science, Columbia Unnerslty. Ne\\ 
Yorh 
FAbbrevlatlons used BS 1, Bandewuea slmplrcrfoba lectm I, CBA, competmve-bmdmg assay, cpm 
mounts per mmute, Fucp, 6-deoxygalactopyranose, Galp, galactopyranose, GalNAcp, 2-acetamldo- 
2-deoxygalactopyranose, Glcp, glucopyranose. GlcNAcp, 2-acetamldo-Zdeoxyglucopyranose, 
HGM, hog gastric mt.cm, PBS, phosphate-buffered sahne (0 01~ PO&, 0 15x1 NaCl. pH 7 I), R, 
3-hexenetetrol(s) 
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subumts havmg Merent speclficlties, suburut A IS most specific for r/-lmked, 

telmmal, nonreducmg D-GalNAcp, but It also reacts wth a-lmked, termmal, non- 

reducmg D-Galp, whereas subcrut B tends to be more specific for termmal, non- 
reducmg, r-linked D-Galp 

ITUTRODUCTIOS 

A number of carbohydrate-bmdmg protems from plants and from certam 

ml ertebrates specifically a== =nlutlqate erythrocytes of the ABO or MN groups ’ ‘, and 

preclpltate \sllth \\ater-soluble, blood-group substances The speclficltles of thew 
combmmg srtes have been defined by unmunochen~~cal methods, mcludmg qunnti- 

tatn e, preclpltm inhIbItIon and hema=, oolutmatlon-rnhlbltlon assays’-” Lectlns 
ha\ Ing such defined specificltles have pro\ ed useful m structural studies of czbo- 
hydrate-containmg polymers from rat stoma& and duodenum * ‘, mammahan blood- 
group substances’ ‘, canme secretory nlloant~gens ’ 3 and human meconlum’s 

lectms ha\e also been used to elucidate structures of ohgosacchandes Isolated from 

horse gastnc-mucosa’ ’ and human ovarian-cyst 1 6 ’ ’ gl) coprotelns 
Lectms co\alently coupled to an msoluble matrlv can be used to isolate blood- 

group-related elycoprotems from complex mlYtures’ ’ Is_ elutlon with d specific 
hapten \\111 release the glycoprotem from the adsorbent Other glycoprotems have 

been purified by these methods (for a revIe\\, see ref 19) 

Bmdcwaea wqdc~fol~a seed extracts contam ti\o lectms, one of \ihIch, BS I 

apglutmates 9 ,md AB er> throcqtes \ery strongly7 ” and A, erythrocl tes weakly7 

and d second that does not a gglutmate A B or 0 erythroLytes but IS specific” ” 

for terminal nonreducmg D-GlcNAq> The B-specllic lectln has been purified to 
homogeneity by afiimt> chromatograph> on Blo-Gel-mehbJonate’, It IS a glyco- 

protem of molecular \\eelght 11-l 000, ulth four subuntts The lectln preclpltates’ 
polysaccharldes and glycoprotems contammg termmal, nonreduclng, z-lmhed 
u-GalNAcp or D-G@ Glycosldes of r-D-Galp, namely, methyl z-u-Galp, mel~b~o~c 

C;~-D-G+( I -6)~u-Glcp] and p-mtrophenyl X-D-G+, were the best mhlbltors, as 

determined by mhlbltlon of precIp&atIon’ As only carbohydrates of low molecular 
weight and simple lmear ohgosaccharIdes \\eere used the site could be more cornpIe\ 

In the present study, competltI\ e-bmdmg assays \\ Ith carbohydrates and ohgo- 

saccharides, some detwed from blood-group B or A actwe glycoprotelns, \\eere used 

to determme the speclficlty of the BS I combmmg-site Surpnsmgly, the results silo\\ 

[3H]hun~an blood-group B substdnce to be rnhlblted best In bmdmg to BS I by some 
glycosldes havmg termmal, nonreducmg -/-D-GalNAcy, as well as by those havmg 
nonreducmg r-D-Galp The lectm IS unusual, m that the ohgosaccharldes studled fell 
Into two groups, havm,o dlfferent slopes m the competrtJve-bmdmg assay One group 

contamed the most actwe mhlbltors, mcludmg p-mtrophenyl x-D-GalNAcp (5) and 
r-D-GalNAcp-( I-•$3)-2-acetamldo-2-deouy-D-galact:tol (4) and ten olgosacchal tdes 
haVJng termmal, nonreducmg z-D-Galp The second group, havmg a lower slope In 
competltx\e blndtng contamed three compounds, one of these. methyl z-o-GalNAcp 
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Blood-group substances* used m CBA were from human ovanan-cysts or 
sahva, from hog-gastric mucm, and from horse stomach-hmngs, prepared and 
described in articles from thrs laboratory26-30 

Monosaccharides were obtamed from Nutrrtronal Brochemrcal Corp and 
Schwartz/Mann Laboratories The blood-group olxgosaccharrdes used were those 
described prevrously ’ ’ *’ 

Competrtrve-bmdmg assays were performed” ” by addmg a volume of a 1 10 
aqueous suspensron of BS I-Sepharose (25 or g of BS I per mL of Sepharose 2B) 
sufilcrent to bmd 50% of the -ZOO0 cpm of labeled biood-group substance to a 

mixture of labeled blood-group substance and unlabeled substance or hapten The 
tubes were mrxed by constant rotatron for 16 h at 4” Separatron of bound from free 

label was achreved by repeated centrrfugatxon, and a portron of the supematant 

lrquor was counted for trmum 
The data are expressed graphically as percent mhrbrtron (of bmdmg of labeled 

antigen) tersrts nanograms of blood-group substance, or nanomoles of hapten added 
The formula used to compute percent mhrbrtron was as follo\\s 

I- 
( 

total cpm added - cpm m supematant hquor wrth mhrbrtor 

total cpm added - cpm m supematant hqdor without > 
x 100 

mhrbrtor 

All determmatrons were set up m duphcate, analyses generally drd not differ by more 

than +5 percent Competrtrve-bmdmg data m the Figures grve the combined results 
of three experiments wrth each substance 

RESULTS 

Contpetrtlte-blnnrrlg assays wrth hog, frorse, and Jutman blood-group substances - 
Competmon assays \ieere performed with BS I-Sepharose 2B and labeled Beach 
phenol-msoluble or labeled HGM GalNAc eluate and varrous blood-group sub- 

stances Frg l(a-f) shows the curves of competttron between the B-active r3H]Beach 

phenol-msoluble mehbrose eluate and blood-group A and B actrve substances The 
horse fractrons m Frg I(a-c) show decreasmg mhrbrtory actrvrty as more ethanol IS 
needed to precrprtate them from phenol, thus IS consrstent ~11th findmgs of a srmkn- 
decrease m therr activrty to mhrbrt bmdmg of [3H]Beach phenol-msoluble mehbrose 

eluate to msolubrhzed human an&B serum” and to precrprtate wrth human antr-B 
serumzg Thus IS not the case wrth the human substance TIJ (Fig Id), the 10% 2X 
fractron bemg more actrve than the phenol-msoluble fractron, wluch IS as actrve as the 

20% from 2nd 10% fractron, both requu-m g 1300-1500 ng for mhrbrtron of bmdmg 
by 50% compared to 850 ng for TIJ 10% 2X, TIJ 20% 2X IS least active, D rth 4,400 /lg 

bemg required CBA wrth msolubrllzed human antr-Bz5 sho\\ed the TIJ phenol- 

rnsoluble and 10% 2X fractron to be srmrlar m actrvrty, whereas the 20% from 2nd 
10% and 20% 2X had decreasmg mhrbrtory actrvrty The most B-actrve substances 

*The symbols m hgs 1 and 2 refer to the fraalonal-preapltauon scheme used m lsolatmg the various 
biood-group substances” 
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Fig 1 Competmve-blndmg assays of (.i-e) various horse and human B substances and (f) human A 
substances u~th BS I-Sepbarose md B-active [‘HIBeach phenol-rnsoluble melrbloso eluate (The 

numbers and arro\is mdicate quJntlt> of substance giving 50% mhlbltlon of bmdmg ) 

loo 

I 

XHORSE4 15% 

OHORSE 2 25% from 15% 

So ABEACH phenol finsoluble 

ITT,, 20% tram 2nd 10% 

l rnt 20% 2x 

w (DPM IO% 

a 

n too 
r 
,r 

60 

6 

4 

2 

i 

0 MSM lO%tA,J 

D MSS lO%tA,J 

T H Ghf GalNac eluate 

0 WG phenol msoluble LA,,1 

0 
lb0 TX 7000 1 10 1 000 

Blood-group substance added (ng) 

Fig Z Competltlve-binding assays of (a) horse and human B substances, and (b) hog and human A 
subst.mces with BS I-Sepharose and A-active [3H]HGM GalNAc eluate (The numbers and arrows 

indicate quantity of substance glvmg 50% mhlbltlon of bmdmg ) 
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were Horse 9 phenol-msoluble, Horse 7 phenol-msoluble, Horse 2 25% from 15%, 
and Horse 4 13%, as 330,&l&460, and 550 ng respectively gave 50% mhlblhon, this 
IS m agreement with quantitative preclpltm data2’ 3 I, in that these horse fractions 
were of equal potency m preclpltatmg human antI-B PM phenol-msoluble 1s almost 
two and one-half times as active as the 10% preclpltate from phenol, 8 10 and 2000 ng 
respectively gvmg 50% rnhlbltlon Eeach phenol-msoluble IS as active as PM 10% 
The order of actlvlty of these three substances by quantltatlve preclprtatlon with 
human antI-B3’ 1s hke that found here, z e , PM phenol-msoluble preclpltates about 
one-fifth more AbN at equivalence than either Beach phenol-msoluble or PM IO”/, 
which are nearly equal m preclpltatrng abdrty Various A, and Al blood-group 
substances were poor mhlbitors, the four tested were estimated by extrapolation to 
require over 40,000 ng for 50% mhlbmon 

Competltlon between vnrlous A and B active blood-group substances and the 
A-active [3H]HGM GalNAc eluate 1s shown m Figs 2a and 2b The order of B 
ltibltors, from most to least active, was the same as those m Fig 1, ewept for PM 

Inhfbstor added ( nmol ) 

FI_E 3 Competwe-bmdmg ~ssa>s of monosxcharldes and ohgosaccharides \\lth BS I-Sepharosc 
md B-xtlre t3HlBeach phenol-msoluble mehblose eluate (For symbol and number deslgnatton 

refer to Table I ) 
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IO%, which was less active than Beach phenol-msoluble (see Fig 2a), but as active 

m Fig le Horse 4 15% and Horse 2 25% from 15% were the best mhlbltors, 760 
and 1100 ng bemg required, respectively Beach phenol-msoluble and TIJ 20% from 

2nd 10% are equally potent, 3,500 ng glvmg 50% mhlbltlon TIJ 20% 2X, 5,600 ng 
for mhlbltlon of bmdmg by 40%, has about two-thirds the actlvlty of Beach phenol- 

msoluble and TIJ 20% from 2nd 10% The A, and A, substances tested differ m the 
amount required to mhlblt bmdmg by 50%, almost four times ac ,nuch A, as A, 

substance (by weight) IS needed The ratlo at 50 percent II& oltlon of mhlbltmg 

power of AZ to A,, -5600 1500, or 3 7 1, IS -40 percent of that f xnd with Dolrcl~ov- 
Sepharose 2B and the [3H]HGM GalNAc eluate by33 CBA 

CotttperttrLe-btnclmg assays rortlt tttotlo- atrd oltgo-saccitat rdeh - The results of 
hapten mhlbltlon of bmdmg of labeled B active blood-group c,u>jtance to BS I- 

Sepharose are shown m Figs 3a and 3b Table 1 gives the symbols used m Fig 3, as 

\\ell as the amounts of hapten added to mhlblt bmdmg by 50% The numbers refer 
m the mhlmtors falling on a particular Ime Fig 3b differs from Fig 3a, m that the 
mhlbmon hnes in FI,O 3b have a steeper slope The steeper slope IS an mdlcatlon that 

the haptens m Fig 3b combme relatively more strongly3’ than those In Fig 3a 
Compounds 1 , 2, and 3 m Fig 3a and Table I ~111 be referred to as group 1, while 

those m Fig 3b with the higher bmdmg-affimty ~111 be group 2 
Three of the four haptens having termmal, nonreducmg, r-hnked o-GaiNAcp 

v.ere the best mhlbnors of bmdmg These include one member of group 1, methyl 
r-u-GalNAcp (1) at 4 nmol for 50% mhlbltlon, and two of group 2, p-mtrophenyl 
I-D-GalNAcp (5) and a-o-GalNAcp-( I -+3)-2-acetamido-2-deoxy-D-galactnol (TIJ 

R, 1 37) (4), which are equally active, 3 nmol giving 50% &ubltlon The other two 
mhlbltors m group 1, o-GaiNAcp (2) and AR, 0 52 (3) are one-fifth and one-sl& as 
dcnbe as methyl s-D-GalNAcp (l), the group 2 mhlbltor p-rurrophenyl cr-o-GalNAcp 

(6) at 5 0 nmol for 50% lnhlbltlon, IS 60 percent as active as p-mtrophenyl Z-D- 
GJNAcp (5) Two disaccharides having D-Galp lmked +(I ~3) to D&alp, compound 

7, or r-(1 -+6) to II-Glcp compound 8, were almost equal m mhlbltmg power at 7 4 
and 9 6 nmol, respectively Methyl a-D-Ga.lp (9) required 11 nmol for 50% lnhlbltlon, 

D-Nltrophenyl c-D-Golp c-o-Golp-cl-3)-D-Golo a-O-Gal~-(l-6)-D-Glc~ Methyl P-D-Golp 

6 7 0 Cmellblose) 9 

IndIcatlng that the methyl group m the r* posltlon contributes less to the binding than 
the r-lrnhed p-mtrophenyl group, or a second sugar linked z-( I +3) to u-Galp or 
x-(1 -+6) to D-Glcp HoLxever, replacement of the hydroxyl group by an acetamldo 
group on C-2 of methyl -I-D-G+, shxftmg the compound from group 2 to group I, 

mcreases mhlbltory actlvlty by a factor of 2 5 at 50 percent mhlbltlon of bmdmg, but 

decreases the binding affimty, as evidenced by the lower slope In Fig 3a, compound I 
and o-GalNAcp (2), although a slightly better mhlbltor than D-Galp (11) at 50% 
mhlbltlon, 19 and 26 nmol, respectively, has a lower slope, mdlcatmg lowered 
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TABLE I 

INHIBITION OF ['HIBEACH PHENOL-INSOLUBLE MELIBIOSE ELUATE BINDING TO 
BS I-SEPHAROSE BYVARIOUS MONO- AND OLIGO-SACCHARIDE.S(SEE FIG 3) 

syInbol Number Amount for 50% mfhtron (nmol) 

Group 1 

cl 

la 

PI 

Group 2 

+ 

V 

A 

n 

T?!i 

0 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

30 

190 

250 

30 

30 

50 

74 

96 

110 

260 

26 0 

260 

260 

52 0 

52 0 

52 0 

68 0 

320 0 

inactrfe at 120 nmol 

machve at 35 nmol 

27% at 45 nmol 

22% at 45 nmol 

12% at 13 nmol 
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10 (rofflnose) 

D- GaIp 

11 

a-D-Galp 
1 
4 

b-D-G~lp-(2-I)-L-Fucp 

u- L-Fucp 
1 

/3-D-GtcNAcp 
1 

I 
2 : 

~-o-GalP-(1-3J-~-D-Gol~-~, -3l-2-acetomldo-2-deoxy-D-golactrtol 

12 (TIJ RIM50361 

a-L-Fucp a-L-Fucp 
1 1 

c 1 
2 3 

c-D-Galp-~1~3~-/3-D-Galp-(l~4)-l)-D-GIcNAcp-(1-6)-R 

13 (BRM51 2) 

c-D-Gclp 

: 

/?-D-G+2-11 -a-L-Fucp 

+ 

c- L -iLcp 
1 

p- D-GTCNAc, 

: 
2 

i 
6 

p-D-Gatp-(l--3)- 2 -acetamldo-2-deoxy-D-GaLact!tol 

14 (TIJ R,,,0921 

U-D- Galp 
1 

: 
/?- D-Galp-(2cl)-c-L-Fucp 

1 

15 (TIJ RIM50 90) 

U-L- FUCP 

i 
2 

~-D-G~~~-(~~~)-/)-D-G~IP-(~~~)-/)-D-G~CNACP (1+6)-R 

16 (BRL 0 441 
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bmdmg-affimty for BS I In Fig 3b, raffinose (lo), D-Gala (ll), TIJ Rlhls 0 36 (12), 

and BR,h,5 1 2 (13), all cluster about a value of 26 nmol Also, compound 3, AR, 0 52, 
reqwred a slmllar amount for 50% mhlbltlon, but had a lower slope BR,,,, 1 2 (13) 

IS a dlfucosyl-substituted, type 2 cham B determmant The corresponding B active 

compound, BR, 0 44 (Hi), a monofucosyl-substituted type 2 deternunant IS half as 

actwe. 52 nmol, as ARL 0 52 (3) and BR,,I, 1 2 (13) Thus, all branched compounds 
larger than a dlsacchande and the linear trlsacchande raffinose show lowered actwlty 

m bmdmg BS I TIJ R,,I5 0 36 (12), has two monofucosyl-substituted B determinants, 
and each may be able to bmd to BS I, as compounds 14 and 15, with only one mono- 

fucosyl-substituted type 2B determmant /I-( l-6)-lmked to 2-acetamldo-2-deouy- 
Dpalactltol ( ~r-acetyl-D-galactosanurutol), are half as actlve ds compound 12 These 
findings are sImllar to those with antIbodIes by preclpltm-mhlbltlon assay” *’ 
and” CBA 

Methyl /I-D-Galp (17) 1s one-sloth as effective, at 65 nmol, as the corresponding 
r anomer All other /I-linked D-Galp compounds \\ere poor mhxbltors The non B 
actl\e ohgosacchande. TIJ R, 1 32 (Hi), was the poorest of the mhlbltors tested, 
320 nrnol bemg needed for 5O”‘o mlubltlon TIJ R, 1 6Sb (19) was lnactwe at 120 nmol, 

the highest amount tested 

C-L-FLCP 
1 

/3-D-&- --3)-2-ccc amide-2-deorv-D-ga’cc 1’01 

le (TI R,_ 32) 

19 

,3-D- GlChACp 
1 
i 

/3-D-G&P-(143)-2-ccc anldO-2-deDry-D-9~LactltDl 

/?-D-GalP-Cl--r61 -D-Go[p 

21 

?’ 
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p-~-Gol~-(1~6) -D-GLcNAcP 

22 

p-D-G:cNAcp 
+ 

p- D- GZlp 
; 

/3-o-G;cNAcp 

23 (TlJ Rirr4 ’ 67) 

Dlscuss1oN 

In an earher study’ of lnhlbltlon of preclpltatlon of BS I with guar gum 
methyl z-D-GalNAcp was found to give an mhlbltlon curve of slope entlrely different 

from that of ohgosacchandes and glycosldes of D-Galp The present study confirms 
and extends this findmg, competltlve-bmdmg assays clearly show two groups of 

mhlbItors havmg different slopes Group 1, contalnmg methyl z-D-GalNAcp 
D-GalNAcp, and AR, 0 52 (compounds 1, 2, and 3), has a lower slope than group 2 

\L hlch contains rx-D-GalNAcp-( l-3)-2-acetarmdo-2-deoxy-D-galactltol and p-mtro- 
phenyl r-D-GalNAcp, compounds 4 and 5, as well as ten glycosldes and ohgo- 
saccharides of D-Galp Although the slopes of the most active compounds III group 2 
are greater than those of group 1, the most active compounds m each group fall mto 
the same range with respect to mhlbxtmg power That substances fell mto t\\o groups 

\\lth different slopes 1s surprIsm= 0 for a homogeneous lectm Attempts to account for 

thib on the basis of a smgle site, by mspectlon of molecular models, were unsuccessful 

The recent findmgs3’ of Murphy and Goldstem, that BS I IS a mlvture of two 
subumts, A and B, and may exist m five forms, A,, A, B, A, B,, AB,, and B,, 
hhe PHA3 6 and lactic dehydrogenase3 ‘, and that these subumts differ m speclficlty, 

provide an explanation for the results Thus, a partially separated nurture contammg 
AB, and B1 bias shown to be lelatlvely highly specific for r-linked D-Galp, \\lth 
methyl r-D-GalNAcp (1) being - 1/9Oth as potent as methyl a-D-Galp, and, with 
purified A,, methyl a-D-GalNAcp (1) was 20 Lmes as active as3’ methyl cc-D-Galp 

(9) The findmg of two different slopes with BS I, a mlrture of live Isolectms, now 
becomes understandable Compounds of group 1 would mamly mhlblt the A suburut, 
whereas those of group 2 (havmg termmal D-Galp) would mhlblt the B subumt most 

eflectlvely, but also mtiblt the A subumt The only two compounds of group 2 

havmg terminal, nonreducmg D-GalNAcp are p-mtrophenyl r-D-GalNAcp (2) and 

r-u-GalNAcp-( l-3)-2-acetanudo-2-deouy-D-galactrtol (4)) with p-mtrophenyl a-D- 
GalNAcp (5), the additional hydrophobic group enhances reactlvlty with the D-Galp 
specific B subumt, and, evidently, the D-GalNAcp-( l-+3)-2-acetamldo-2-deoxy-D- 
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galactrtol contrrbutes m a srmrlar way These compounds have not been studled3’ 
wth the separated Al and the mixture of AB3 and B, rsolectms 

The presence of five isolectms, and the relatrvely greater specrficrty of the B cham 
for D-Gal& also account for the poor abrhty of A (see Frg If) as compared wth B 
substances to drsplace the labeled B substance (see Fig la-e), Indeed, wth A 
substances, rt was not possble to reach 50 percent mhrbrtron, even with 40 000 erg, 
whereas even the least active B substance gave SO percent mhrbrtron with much lower 
amounts A and B substances are of comparable potency m drsplacmg labeled A 
substance (see Fig I?), h h w IC would react mamly with the A subumts of the rnsoluble 
lectm 

Although It 1s evident that, rf a lectm 1s known to be burh of two subumts of 
different specrficrtles, and rf these have been separated, the A, and B, rsolectms 
would be used for competltwe-bmdmg or ohgosaccharrde-mhlbltlon assays, never- 
theless, this study shows that, when such assays with ohgosacchandes rndrcate t\io 
types of bmdm g, mrxtures of two chains havmg drfferent specrficnres may be present 
and further fractronatron should be attempted The speclficny and nature of the sites 
on BS I should be pursued by lmmunochemlcal methods with pure A& and B, 
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