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ABSTRACT 

Cross-reactIons of the extracellular polysacchandes of Lzpomyces lzpoferus and 
Lzpomyces starkeyz are described,, m some Instances quantltatlvely Non-reducmg 
end-groups of D-glucuromc acid appear to account for most of the exphcable reac- 
tlons of the polysaccharlde of L Zzpoferus, whereas nonreducmg end-groups of 
D-galactose account for many of those of L srarkeyr Because of Its strong cross- 
reaction m antlpneumococcal type II serum, the polysaccharlde of L starkeyr IS 

also presumed to have a portlon of Its D-g~ucuronlc aced m the form of nonreducmg 
end-groups 

NTRODUCTION 

Two species of Lzpomyces are generally recogmzed L lzpoferusand L starkeyz, 

although unammlty IS lackmg as to their differences Slodkl and associates have 
reported that an extracellular polysacchande produced by L Zzpoferus contams D- 
mannose, D-glucuronc acid, and O-acetyl groups’ and that a snmlar polysacchande of 
L starkeyr IS made up of the same components plus D-galactose and not more than 
0 5% of D-glucose’ A different strain of L srarkeyl, however, extruded a starch-hke 
polymer and a galactomannan3 

As the order and most of the hnkages of the constituent sugars were uncertam, 
except that L starkeyz yielded a d@ucosyluromc acld)mannose and both species an 
aldoblouromc acrd, 2-O-(8-D-gh~copyranosyluronlc acid)-D-mannose’ ‘, and because 
studxes of the cross-reactlvlfies of polysaccharldes had often been helpful m solvmg 
problems of structure (for reviews, cf Ref 4, 5), the present work was undertaken 

*De&cated to Professor Jea&rmle Courtoa, m honor of his 65th buthday 
t3X.s investigation was supported, m part, by grants (to M I-I ) from the National Scxence Founda- 
tlon 
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ExPERIMENTAL 

Marerzals. - The organisms were grown and the polysacchandes Isolated as 
described in previous papers’ ’ Some of the preparations were deprotemzed 
according to Sevag’ The composition of the polysacchandes used IS sven m Table I 
Neither 2-keto acids (as acetals) nor hexosammes could be detected m hydrolyzates 
of L starkeyz and L Zzpoferus polysacchandes Penodate (Srmth) degradation of 
L starkeyz Y-1388 polysacchande indicated the presence of D-galactose and D-man- 
nose units resistant to oxldatlon 

TABLE I 

PROPERTIES AND COMPOSITION OF ~ZpOlZZ~CtV POLYSACCHARIDES= 

Propemes and 
compos&on 

Lqomyces 

hpoferus 
iVRRL Y-1351 

starkeyl Starkey1 
NRRL Y-1388 NRRL Y-2543 

[a]g5 (degrees)” +42 0 -4 
0-Acetyl 57 57 40 
K D-Ghicuronate 27 0 312 33 0 
Total hexose 51 5 52 8 48 9 
n-Galactosec 28 7 13 3 
D-Glucosed 33 04 05 

“Report as anhydro sugar bOptrzal rotations from Ref 1 %-Gdactose was also not detected in 
L hpoferm NRRL Y-2542 and Y-6333 polysacchandes ‘Due to the shght reachvlty of D-mzInnOSe m 
the glucose oxldase assay, the actual levels of o-glucose m L sfurkey~ polymers are possibly one-half 
those gwen 

Deacetylated L starkeyz NRRL Y-1388 polysaccharlde was prepared from a 
0 1% solution with 0 02M sodmm hydroxide for 3 h at 25” The product was precipl- 
tated with 2 vol of methanol, redissolved m water, dialyzed, and lyoplnhzed The 
recovered matenal gave an amount of fernc hydroxamate chromogen equlvaIent 
to 5% of the apparent 0-acetyl groups m the starting matenal (relative to 1 acetyl 
group) Smce longer treatment with alkah did not alter the yield of residual chromo- 
gen, it likely does not mdlcate 0-acetyl groups 

Methods - The sources of antisera and the methods for the quahtatlve and 
quantltatlve measurement of cross-reactivity have been gven m previous papers’*’ 

RESULTS AND DISCUSSION 

The polysacchandes of L Zzpoferus (Ll) and L starkeyz (Ls) gave cross-preclp- 
itation at 0” in many antipneumococcal (an&Pn) sera, m several antGaZnzoneZZa 

sera, and m an antiserum to Mycoplasma mycozdes On a scale of - to + + + + LI 
reacted + t or more with an&Pn II, IV, VI, VIII, IX, X, XIV, XV, XVIII, XIX, 
XX, XXII, XXIII, XXVI& anti-S paratyphz A and B, Ls with anti-Pn II, VI-XI, 

Carbolzyd Res ,24 (1972) 401-407 
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XIV-XX, XXII, XXIII, ant-t--S typh, paratyph A, and Mycopl. mycoldes Many of 
these reactions were studted quantttattvely and the results are summarized m Table II 

Although it would be helpful to have an exact idea of the arrangement of the 
sugars of which each of the polysacchandes IS composed, the avadable data are too 
fragmentary for any but tentattve structural proposals to serve as models on which the 
patterns Indicated by the cross-reactions could be tested for their fit 

r ~-D-MO~~MO~~D-M~~-MO~ 

f 
f -0Ac 

o-GA D-GA 

L Iumferus 

-,-o-t-Tan- M~~~C~-~)-D-G~I-D-M~“-M=“- 

7 

.-bA 

f -0AC 

o-CA 

I 
GA 

t 
Gd I n 

Preclpltatlon m antr-Pn II - Heavy cross-reactions of carbohydrates m anti-Pn 
II have been shown to be due to the presence of multtple non-reducing end-groups of 
D-glucuromc acid or its 4-O-methyl derivative or suitably linked D-glucose” r7-lg 
Usually, relatively large amounts of plant or bacterial gums or of glucosans such as 
glycogen are required for maxtmal precipitation” ’ * Since Ll and Ls contain mim- 
ma1 amounts of D-glucose (4 and 0 4%, respectrvely) the multtple residues of D- 

glucuromc acid are undoubtedly responsrble There 1s also a posslbthty that posittons 
C-3 to C-6 of the D-mannose residues would fit into the bmdmg sites on the antibody 
for D-glucose or D-glucuromc acid Mainly because of the strong prectpitation m 
anti-Pn II, a structure having nonreducmg end-groups of D-glucuromc acid, m addl- 
Don to the internal glucuromc acid residues mdlcated by lsolatlon of dl-(glucosyl- 
uromc and)mannose, IS attributed to Ls Polysaccharide S II* may have internal 
res:dues of glucuronic acidto-** so that these may be in part responsible for the 
effects noted The end-groups in S II are hnked &D-(1+6) to D-g1ucoseZ3, any 
internal readues2* of glucuromc acid (l-+4) 

Preczpltatlon m antz-Pn VI - The small percentage (ca 4%) of D-g1UCOSyl 

residues in Ll IS not responsible for the slight precipitation m thus antiserum (footnote 
d, Table II) Since Pn S VI contams (l-3)-linked ~-glucose residues and neither 
mannose nor glucuromc acrd residues24, there appears to be no reason why LI 
should react 

On the other hand, nonreducmg end-groups of D-gak3CtOSe are ascribed to Ls, 
and polysacchandes wrth multtples of these have been shown to precipitate anti-Pn 
VI12 even though the type-specific anttgemc determmant of Pn VI, S VI, 1s charac- 
tenzed by repeatmg units contammg D-galactose Zphosphate residues Guar gum 
and the polysaccharide of Sporobolomyces (foornote 1) have non-reducmg end-groups 
of D-galactose and D-galactose residues hnked at C-l by a phosphate dlester group, 
respectively l 3 l 4 and precipitate much of the same fraction of anti-Pn VI 

*PneumOcOccal type-specrlic polysacchandes are designated S wth the appropnate type numeral 

Curbohyd Res ,24 (1972) 401-407 
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Reactmty m antr-Pn VII and antr-Pn VIII - The nonreducmg end-groups 
of D-galactose residues are undoubtedly responsible for the tenfold greater preclpi- 
tat1on 1n antr-Pn VII by Ls than by LI (see also footnote J) There 1s evidence that 
Pn S VII contams p-hnked end-groups of D-galactose25. 

Pn S VIII IS a Imear polymer 26 of D-galactose, D-glucose, and D-glucuromc 
acid, all (144) hnked Poss1bIy Ls contains residues of (I-+4)-hnked /3-D-glucopyra- 
nosyluroruc acxd, or (l-+4)-lmked D-galaCtOSyl, or both as 1n Pn S VIII 

Preczpratron m antr-Pn IX -The structure of Pn S IX has not been completely 
eIuc1dated*‘, but the component sugars are D-gIucose, D-glucuromc acid, N-acetyi-D- 
glucosamme, Wacetylmannosamme, and possibly iV-acetylgaIactosamme28 The 
residues of acrd appear to be mternai and 11nked 1n part ~-D-(143) to D-gh.ICOSe. 

There IS no obvious reason why Ll should preclpltate so heavrly m both equine and 
rabbit antx-Pn Ix and Ls negh@bIy A portion of the react1ve anDbody IS the same 
as that preclpltated by isoIichenan (footnotes g, h), a glucan with a-~-(1+3) and 
(I 44) hnkdges at least partly in pairs ” 3o Possibly the small amount of D-glucose 1n 
LI IS s1gmficant III this Instance, or agam, the rear portrons of D-mannose residues 
may be mvolved 

Reactmty 111 antr-Pn X - Pn S X IS made up of galactose, 2-ammo-2-deoxy- 
galactose, 2-amino-2-deoxyglucose, and nb1tol phosphate3’ The consIderable cross- 
reaction of LI IS therefore unexplamed, that of Ls would appear to be due to residues 
of D-galactose s1m1Iarly lurked to those m S X However, the reactIon described m 
footnote I mdmates that Ls removed a fracuon of ant1-Pn X reactive with residues of 
N-acetylglucosamme, a sugar not found 1n Ls AgaIn, one could fall back on the 
3-, 4-, and 6-posrtrons of D-mannose The well-known reactivity of concanavahn 
A with cr-Dglucos1des and a-D-mannosldes provides a precedent for thlsJ2 

Preclpltatlon In am-Pn XIV, ah-Pn XV, and antr-Pn XVII - Pn S XIV 
contams residues of D-galactose partly as non-reducing end-groups, partly lmked 
at C-3, C-6, or both, D-glucose, and 2-acetam1do-2-deoxy-D-glucose33. Again, the 
cross-reacDv1ty of LI IS d1fficuIt to explam unless Its content of D-glucose IS responsible 
or unless end-groups of D-giucuronlc acid react with ant1body determmants accomtno- 
dated to the few end-groups of D-ghCOSe winch occur m S XIV Prec1p1tauon by Ls 
IS undoubtedly due to Its nonreduang end-groups of D-galactose 

The components found 1n Pn S XV are galactose, glucose, galactosamme, 
glucosanune, glycerol, and phosphate groups31 Similar considerations apply III this m- 
stance as were heId probable for the react1on 1n anti-Pn X. The ad&tionaI poss1bmty 
that residues of ghICUrOEIC acid might fit mto antibody spaces designed for glucose IS 

contramdrcated by the data m footnote g on pnor precipitation with Aerobacfer 
aerogenes 418 polysaccharlde (K2) wfuch possesses nonreducmg end-groups of D- 

glucuromc acid34. Ll preap1tated as much antibody from these supernatants as from 
intact serum 

More than one-half of the type-specnic ant1body m anti-Pn XV was preclpltated 
by Ls, whereas Ll preclpnated much less, but a portion of the same fraction of ant1- 
body (footnote g) It might be recalled that it was poss1bIe to &stmgmsh between 

Carbohyd Res ,24 (1972) 401407 
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the depyruvylated denvatlves of the capsular polysaccharldes of two strams of 
Z?hzobrum trlfolrr, TAl and UNZ29, by the large difference m their reactlvlty35 m 
antiQn XV. 

Pn S XvlI consists of galactose, glucose, rhamnose, a polyol, and an umdentl- 
fied sugar36 There is a massive cross-reactlon in both dxectlons between S XVII 
and streptococcal group F type IV polysacchande whxh contams the same three 
sugars At least some of the galactose residues m F IV are the D-Isomer, occumng 
as non-reducmg end-groups9 If slmllar residues occur m S XVII, they would account 
for the cross-reactivity of Ls in antI-Pn XVII 

Precipitatron m antr-Pn XVIII - The structure of S XVIII 1s gven as 

t 

3)-D-Gal-(1-4)-a-D-G-(1 -61-cpG-(1~31-L-Rha-[l-4)-D_C 

AC- 

HOCH2-CUOH-CH,O-PO;- 

or its isomer m whxh the residues of lsomaltose and glucose are Interchanged An 
O-acetylated sugar IS immunodominant3’ Possibly this IS responsible for the large 

cross-reactions m anti-Pn XVIII, particularly as O-acetylatlon seems to be a factor 
affectmg the reactlvlty of Ls (Table II) 

Reuctwlty m antz-Pn XXII - S XXII contams an as yet umdentlfied uroruc 
acldj8 and anti-Pn XXII @ves precipitates with glycogen and amylopectml’ 

Thus far, the cross-reactivltles of the polysaccharides of Lipomyces irpoferrrs 
and Lzpomyces Starkey: in antl-Pn II, VII, and XIV have been correlated with 
what IS known of the structures of the substances Involved Before this can be said 
of the often massive cross-preclpltatlons m anti-Pn VIII, X, XV, XVIII, and XXII, 
addltlonal structural mformatlon must be forthcommg for the Lqomyces polysac- 
charldes and for S X, S XV, and S XXII To be consldered, also, IS the posslblhty 
that some of the cross-reactlons might be caused by undetected lmpurltles m the pre- 
parations. This lmpedlment IS compensated for, however, by the detection of Impu- 
r&es through such cross-reactions as those presently reported (cf Ref 9, type III) 
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