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ABSTWKT 

The Immimolo@cally specific capsular polysacchande of pneumococcal type TV 
was oxldlzed urlth penodate before removal, and after partial and almost complete 
removal of pyruvrc acid residues DestructIon of the D-galactose residues was approxl- 
mately proportional to the extent of removal of pyruv~c acid residues, w&h relatively 

lrttle effect on Immunologzal specficlty until more than one-thrd of the D-galactose 
residues had been affected The residues of the three ammo sugars, 2-ammo-2-deoxy- 
D-galactose, 2-ammo-2-deoxymannose, and 2-ammo-2,6-dldeoxygalactose (fucos- 
amme) were reslstant to penodate oxldatxon and appeared to be separated from each 
other by one or more residues of (l-+4)-lmked O-pyruvyl-D-galactose There was 
also evidence for nonreducmg end-groups of O-pyruvyl-D-galactose The pyruvyl 
residues are acetal-lmked, possibly to posltlons 3 and 6 of D-galactose residues 

INTRODUCTION 

The type-specific capsular polysacchande of pneumococcal type IV (S-IV) has 
become of renewed Interest because of its content of pyruv~c acid1 and Its acqulsltlon 
of group-specrficlty when de-O-pyruvylated ’ The components of S-IV have been 
analyzed3 and the specfic ltibltron of the reactions between the group-specific 
pneumococcal C-substance and anti-C and de-U-pyruvylated S-IV (dpS-IV) and 
antl-C has been descnbed4. We now report on structural features wkch were eluci- 
dated by penodate oxldatlon of S-IV and dpS-IV 

RESULTS 

Treatment of S-W wzth borohydrzde - This resulted m no loss of D-galactose 
or pyruvlc acid residues and did not appreciably lmpar the ImmunoloBcal propemes 
(Table I). D-Galactitol was not found by g 1 c of the products of hydrolysis The 
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g 1 c peak corresponding to fucosamme was not apprecrably drrmmshed, but there 
was a 7% decrease III the absorbancy at 400 mn m the sugar determmatron by the 
cysteme-sulfur-m acid method’ Smce thrs absorbancy corresponds, m part, to 
fucosamme6, it is possrble that a portron of the fucosamme residues m S-IV occurs as 
reducing end-groups 

TABLE I 
ns4xrnmL PRECIPITATION OF ANTIB~DYNITR~OS~NFR~~~ANTIP~UM~~~CCAL TYPEIv~ER_~~~Y 

CAPSIJLARPOLYSACCHARIDES-lVANDITSDERIVATIVESa 

Polysaccharrde Aniwzrum 

Horse 608Cb Horse 609 Horse 1026C (1218139) Rabbit’ 

S-IV 2340 2390 850 43006 
Reduced S-IV 416Sd 
Oxldlzed S-IV 4200 
Otidzed-reduced S-IV 4110d 
Alkah-treated S-IV 4250 
39% DpS-IV 4025 
Oxldlzed-reduced 39% dpS-IV 3115 
DpS-IV 928 765 1.56 240 
Oxldlzed-reduced dpS-IV 855’ 36 

“Preclpitatlon from 1 0 ml of sera *Absorbed with group-specific C-polysacchande =Purlfied, 
obtamed from Squibb and Sons dAnalyses performed at the same time with 0 IS ml of a 1 12 serum 
dllutlon, talc to 1 0 ml of undiluted serum ‘Supernatantf S-IV gave 1300 fig N 

Oxrdatron of S-IV by perroaate - A shght reduction of penodate could be 

traced to the extreme lab&y of some of the pyruvyl groups to acrd and to the oxrdation 
of the D-galactosyl residues exposed m this way 

Oxidatron of de-0-pyruvylated S-IV(dpS-IV) byperrodate -DpS-IVcontammg 
0 4-O 5% pyruvic acrd resrdues reduced a maximum of 1 5 to 1 6 pmole of penodate 
per mg, with liberation of approximately 1 flumole of formrc acid and no formaldehyde 
More than 90% of the D-galactose residues were oxrdrzed and subsequently reduced 
and hydrolyzed’ to thrertol and traces of glycerol Oxrdative destructron of the 
D-galactose resrdues almost abolrshed the already small precipitation of dpS-IV m 
antrpneumococcal (anti-Pn) IV rabbit-antibody solution, but had httle effect wrth 
antrbodres rarsed m a horse (Table I) Reactrvity of dpS-IV with the antibodres to the 
group-specrfic pneumococcal C-polysacchande2 was greatly reduced by the oxidation 
wrth antr-Pn I, from 269 pg N per ml to 11 ,ug, with antr-VU, from 579 pg to 125 j.fg, 
with a&-XII, from 334 ilg to 56 ,~g (cf Table I, Ref 2) Smce the resrdues of 2- 
acetamrdo-2-deoxy-D-galactose, the only sugar common to dpS-IV and C-polysac- 
charrde’, are unaffected by the oxidatron, a large change m conformatron must be 
Involved on passage from dpS-IV to oxldrzed-reduced dpS-IV. 

Degradatron of oxrdlzed-reduced dpS-IV wth M hydrochloric acid for 24 h 
at room temperature, followed by gel filtration on Sephadex G-50, gave a small, 
excluded peak (6%) and a large one m the mcluded regron, wrth only traces of free 
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D-thrertol before further hydrolyses On Sephadex G-25, the retarded peak gave a 
major fractron contarmng the three ammo sugars and D-thrertol, and two much 
smaller peaks 

Oxrdatron of partially de-0-pyruvylated S-IV showed destructron of the D- 
galactose resrdues roughly proportronal to the removal of the pyruv~c acrd resrdues 
The ammo sugar resrdues remamed Intact 

DISCUSSION 

Intact S-IV is perrodate-resrstant and contains eqmmolar amounts of pyruv~c 
acrd and D-galactose resrdues3 Partial de-0-pyruvylatron (25-95%) renders a nearly 
eqmvalent portron of thus sugar resrdue susceptrble to oxrdatron Each resrdue of 
D-galactose 1s therefore substituted by one resrdue of pyruv~c acrd, and the resrstance 
of D-galactose m S-IV to penodate IS not due to (1+3)-lmked D-galactose resrdues 
havmg no other substrtutron Hence, the three ammo sugars are not pyruvylated and 
are lmked mtemally m the 1,3 or 1,4 (or both) posrtrons and not as non-reducmg 
end-groups A few of the fucosamme resrdues may constrtute reducmg end-groups 

Removal of 39% of the pyruvrc acrd resrdues exposed 35% of the D-galactosyl 
resrdues to oxrdatron and each of the latter residues consumed one equivalent of 
penodate Degradation of the oxrdrzed-reduced product by mrld hydrolyses yrelded 
ohgosacchandes w&h a terminal D-thrertol residue The proportron of tetrrtol pro- 
duced was approximately equivalent to that of the D-galactose oxidized, mdrcatmg 
that tlus portron of the sugar was bound at C-4 Sxnce a small proportron of free 
D-threitol was also present, a few residues of D-galactose may be lurked (l-4) con- 
secutrvely and the presence of some residues linked at C-6 IS not uneqmvocally 
ruled out 

The proportron of penodate consumed by nearly fully de-O-pyruvylated S-IV 
(90-95%) was about 1 6 mole per mole of D-galactose, wrth hberatron of about 1 
eqmvalent of formrc acid Mrld hydrolyses of the oxrdrzed-reduced product also 
yielded ohgosaccharrdes with a termmal D-threitol resrdue as well as some free D- 

thrertol and glycerol Therefore, dpS-IV contains some nonreducmg end-groups of D- 
galactose whrch consume two equrvalents of periodate Such end-groups are also 
mdrcated by the cross-reactrvitres of S-IV and dpS-IV m anti-Pn sera, whrch wrll be 
described elsewhere 

The 39%-de-0-pyruvylated S-IV precrprtated nearly as much antibody from 
rabbit anti-Pn IV as drd intact S-IV, and a further reductron of only about 25% 
occurred after oxrdatron and reductron (Table I) This would mdrcate that the more 
stable pyruvylated end-groups of D-galactose are the pnncrpal antrgemc determinants 
of S-IV, as has already been observed’ 

It 1s still uncertam which of the hydroxyl groups of D-galactose are substituted 
by pyruvrc acrd m S-IV The most probable are those at C-3 and C-6 A defimtrve 
answer must await expenments on methylatron, as must also a decrsron as to whether 
or not only one type of hnkage IS mvolved 
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JzxFTRlmN-rAL. 

General - The preparation of S-IV, the various methods of analysis of its 
components, and the estlmatlon of preclpltated-antibody mtrogen have been pre- 
v~ousIy descrlbedz-4 The reduction of penodate was measured tltr~metr~cally8. 

Freeze-dned rabbit antl-Pn IV glob&n (5 g, E R Squibb and Sons) were 
dissolved m chilled water (40 ml) A solution of 1% merthlolate (0 5 ml) was added 
and the pH was adJusted to 7 5 with M sodmm hydroxide Stenle 0 9% sodmm chlonde 
was added to complete the volume to 60 ml As the solution contamed about 4800 pg 
of antibody mtrogen per ml, most of the analyses were camed out at 1 6 or 1 12 
dllutlons at which the antlbody content appeared somewhat less 

Treatment of S-IV with borohydrrde - S-IV (10 mg) in water (27 ml) was 
treated with sodrum borohydnde (50 mg) added during 4 h The pH of the solution 
was mamtained at 7-8 (pH meter) by a stream of carbon dloxlde After 16 h at 4” and 
pH 7, excess borohydrlde was destroyed by addltlon of acetlc acid to pH 4 and the 
solution was dialyzed agamst 0 1~ sodmm chlonde and finally water The nondla- 
lyzable matenal was filtered off and the soluflon concentrated to 25 ml Ahquots 
(0 1 ml) were analyzed for D-galactose by the cysteme-sulfuric acid test together with 
alrquots of the ongmal S-IV solution, for pyruvlc acid, and for preclpltatlon of rabbit 
anti-Pn IV Reduced S-IV (5 mg) was hydrolyzed (3~ hydrochloric acid, 7 h, 100”) 
and analyzed by g 1 c Another sample (3 95 mg) was treated with M sodmm hydroxide 
for I h at 37” The solution was neutrahzed with acetlc acid, dialyzed, and the non- 
dlalyzable material analyzed by the cysteme-sulfunc acid test and for pyruvlc 
acid 

Oxrdatlon of S-IV by perlodate - S-IV (10 mg) m water (5 ml) was oxldlzed 
wth 0 02~ sodmm metaperlodate solution (5 ml) at 4” m the dark Ahquots (0 2 ml) 
were analyzed at Intervals for 30 h for formic acid content and for sodmm perlodate 
reduction Consumption of perlodate was neghglble The sodmm penodate was 
reduced ~th 1,Zethanedlol and the solution was dialyzed agamst 0 1~ sodmm 
chloride and water The nondlalyzable material was reduced with sodium borohydnde 
as previously described and analyzed by the cysteme-suifunc acid test and for actlvlty 
agamst antI-Pn IV (Table I) 

Oxrdatzol of de-0-pyruvylated S-IV (dpS-IV) by perlodate - S-IV (10 mg) was 
de-0-pyruvylated (0 01~ hydrochloric acid, 30 mm, lOOa) and analyzed for resxdual 
pyruv~c acid The dpS-IV was oxldlzed for 43 h, reduced, and analyzed as Just de- 
scribed and also analyzed for productIon of formaldehyde as well An addltlonal 
amount (50 mg) of dpS-IV was oxldlzed for 17 h, the expenmentjust described havmg 
shown no further oxldatlon after this penod After reduction, the ImmunoIogcaI 
actlvrty of the stibstance was recorded (Table I) Ahquots of oxldlzed-reduced dpS-IV 
were analyzed with the cysteme-sulfunc acid test and, after acid hydrolysis (4~ 
hydrochlonc acid, 7 5 h, 100°), by g 1 c 

Mdd-aced hydrolym and fractlonatIon of oxrdlzed-reduced dpS-IV - Oxldlzed- 
reduced dpS-IV (30 mg) was dissolved rn M hydrochlonc acid (10 ml) and kept for 
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24 h at room temperature before fractlonatlon on a column (84 x 2 6 cm) of Sephadex 
G-50 and elutlon with water at 4” Ahquots (0 5 ml) from fractions (5 ml) were 
analyzed after hydrolysis (4~ hydrochloric acid, 3 h, loo”), for ammo sugars and by 
g 1 c both before and after hydrolysis, as Just described The two fractions obtained 
from the column were isolated and the second fraction was adsorbed on Sephadex 
G-25 (80 x 2 6 cm) and eluted and analyzed as just described 

Oxzdatzon of partrally de-0-pyrztvylated S-IV (PdpS-IV) by perzodate - S-IV 
(purified on DEAE Sephadex 2, 50mg) was partially de-0-pyruvylated by treatment 
with 0 01~ hydrochloric acid for 1 5 mm at loo”, and the solution was poured mto 
Ice-water and dialyzed to give Pdp, $-TV An ahquot was anaIyzed for residual pyruv~c 
acid (5 4%) and the remainder oxidized with 0 01~ sodium penodate for 28 h at 4”, 
followed by dlalysls and reduction with borohydrlde The oxldlzed-reduced Pdp, $- 
IV was analyzed by the cysteme-sulfuric acid test and by g 1 c after hydrolysrs 
(2~ hydrochloric acid, 6 h, 100” and 3~ hydrochlonc acid, 7 h, 100)” The 
pyruvate content was the same as before oxldatlon, but the D-galactose content had 
decreased to 35% Samples of Pdp, $-IV and oxidized-reduced Pdp, .$-IV were 
also analyzed for residual lmmunologlcal activity against rabbit anti-Pn IV Slmllarly, 
S-IV (purified on DEAE-Sephadex, 10 mg) was de-0-pyruvylated (0 01~ hydro- 
chlonc acid, 1 mm, 100”) to sve Pdp, 0 S-IV (6 7% pyruvlc acid) This was oxldlzed 
for 40 5 h, reduced as Just described and ahquots were analyzed for pyruvic acid and 
by the cysteme-sulfuric acid test Losses of pyruvate and residues of D-galactose were 
26% and 36%, respectively 

Mzld-aczd lzydrolysrs and fractronatron of oxzdzzed-redzrced PdpS-IV - A con- 
trol study was made of the recovery of possible degradation products from oxldlzed- 
reduced Pdp, 0 S-IV after treatment with 0 25~ sulfuric acid and neutrahzatlon with 
barium hydroxide Samples (12 to 20 mg) of glycerol, erythntol, and D-galactose were 
dissolved m water (25 ml) To ahquots (1 0 mg) sulfuric acid was added to 0 25~ 
concentration, and the solutions were kept 24 h at room temperature After neutrah- 
zatlon, barium sulfate was centnfuged off and the combined supernatants and three 
washings were analyzed by g 1 c , as well as ahquots of the original solutions Reco- 
venes for the 3 compounds were 46, 79, and 83%, respectively The low recovery of 
glycerol appears due to losses on concentration 111 tiaczzo Similar treatment of 200~pg 
samples of S-IV resulted m a loss of 50% of acetal-linked pyruvlc acid 

A solution of oxldlzed-reduced Pdpl ,, S-IV (8 mg) in 0 05~ sulfuric acid 
(10 ml) was kept for 24 h at room temperature and a I-ml ahquot (A) was removed 
Sulfuric acid was added to the remainder of the solution to concentration 0 25~ 
and the mixture was kept for a further 24 h at room temperature, when a second l-ml 
ahquot (B) was taken The residual solution was neutrahzed as Just described and 
concentrated to 1 ml (C) Samples A and B were neutralized, ahquots of one-half 
of each were dried and sllylated directly and hydrolyzed (2~ hydrochloric acid, 
5 h, 100°) and sllylated, the four samples were exammed by g 1 c Sample C was 
fractionated on a column (104x 1 cm) of Sephadex G-25 and eluted with water 
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Ahquots (0 1 ml) of the fractions were analyzed by the cysteine-sulfunc acid test and 
by g 1 c before and after hydroIysls (2~ hydrochlonc acrd, 5 h, 100”) 
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