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In the course of mvestlgatmg carrageenans from various red algal species, we have 
observed a unique, highly sulphated carrageenan m which the repeating disaccharide units 

are almost completely substituted with pyruvlc acid The carrageenan from Pefrocelts 

mrddendorfir (P franmcana)'* collected at Mission Pt , Monterey Co , CA, was extracted 
as described by McCandless et aL* This carrageenan has recently been reported’ to con- 
tam 32% sulphate groups and essentially no 3,6-anhydro-D-galactose residues Upon treat- 

ment with sodium borohydnde, the content of 3,danhydro-D-galactose mcreased only to 
5% The significance of tb!s to the sulphation pattern and lmmunochemical reactlvlty to an 

ant&-canageenan has been discussed earher 
In this carrageenan preparation, pyruv~c acid was detected by the enzymlc proce- 

dure of Duckworth and Yaphe This result was supported by the p m r spectrum of the 

methanolysate (obtained as described below) m dimethyl sulphoxlde-d, solution, whch 

showed the presence of a smgle methyl peak at 6 1 44,111 agreement with the assignment 

given by Morris et aLs for pyruvlc acid m xanthan The pyruvlc acid content was estimated 

to be 6 5% by p m r of the native polysaccharlde III deuterlum oxide, at 75” and 90 MHz, 
with 1 pmol of sodium acetate/2 mg of polysaccharlde as the mternal standard 

The pyruvlc acetal, 4,6-Q-(1-carboxyethyhdene)-D-galactose residue (I), was 

fast reported m agar by Hlrase64, and was subsequently reported to occur III low con- 
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,R=R=H 

2 R = Me.R’ = F,CO 

*P francrsmna has been reduced to a synonym of P nuddendorfi~’ 
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centratron m agars prepared from a number of agarophytesg*‘* , and m mrcrobral poly- 

saccharrdes’r _ The same acetal resrdue his also been demonstrated in a carrageenan 

extracted from the marine red alga Grgmtlna tenella, and m a polysaccharxde from 

Grateloupm elhphca. The carrageenan from G tenella contarned 1 5% of pyruvrc acrd, a 

proportron equrvalent to 1 pyruvic acrd group per 20 sugar resrdues”. 
To determrne whether the pyruvrc acrd group m the Petrocells carrageenan oc- 

curred as the acetal 1, the carrageenan (1 mg) was submrtted to methanolysrs wrth M 
hydrogen chlorrde m anhydrous methanol (1 mL) for 20 h at 80°_ The methanohc 
hydrogen chlonde was evaporated, and the trrfiuoroacetates of the methyl glycosrdes were 
prepared by treatmg the methanolysate with an excess (0 2 mL) of trrfluoroacetrc an- 
hydride for 1 h at 80” The O-trrfluoroacetyl derrvatwes were analyzed by g 1 c on a glass 

column (180 X 0 7 cm o d ) coptarnmg 3% OV-210 Chromosorb W (80-100 mesh) The 

column temperature was lSO”, and that of the flame ronizatron detector 350”) the mtrogen 
earner gas-flow was 40 mL/mm. The results of the g 1 c. (Frg 1) mdrcate the presence of 

methyl O-trrfluoroacetylgalactosrdes (retentron times 3 94,4 42, and 6 05, Rmyo-mosto~ 

1 39, 1.56 and 2 14, respectmely) and substrtuted trrfluoroacetylgalactosrdes (retentron 

trmes 9 51 and 13 53,Rmro_mosrtol 3 36 and 4 78, respectrvely) The drfference between 

Retention time (mtn) 

Fig 1 G-l c pattern of the O-tnfluoroacetyl derwatwes of the methyl glycosldes obtamed by 
methanoIysis of rr-carrageenan The retention time of 2 83 mm 1s that of the mternal standard myo- 
most01 The retention times of 3 92,4 42, and 6 05 mm correspond to methyl 0-trdluoroacetyl-D- 
galactosldes, and the retention tunes of 95 1 and 13 53 mm correspond to 2 
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the two sets of retention tunes agrees closely with the difference observed by Hlrase and 

Watanabe” for the trlmethylsllyl derlvatlves of the methyl glycosldes of D-galactose and l_ 

In this sample, however, the methyl O-tnfluoroacetylgalactosldes and methyl 4,6-O-(1- 

carboxyethyhdene)-O-trfluoroacetyl-D-galactondes occurred m a molar ratlo of 2 _ 1, 
which represents 1 D-galactose pyruvate per 1 5 dlssaccharlde umts 

To obtam defimtlve proof of the presence of the acetal 1, the O-trlfluoroacetyl 
derivatives of the methanolysates were separated by g 1 c on a glass column (180 X 

0 4 cm o d ) contammg 3% of OV-17 Chromosorb W (SO-100 mesh) at a column tempera- 
ture of ISO”, and fed duectly mto a mass spectrograph The m s was recorded at an ion 

source temperature of 200°, lonlzmg potential of 70 eV, and acceleratmg potential of 3 kV 

The resultmg fragmentation pattern of the compound with retention time 9 51 (Fig 1) was 
consistent with that expected for 2 Although the parent lomc species was not obtamed, 

the major lomc species (100% I/B) and Its derlvatlon from the parent species are shown III 

Scheme 1 
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Scneme 1 

We have found the same pyruvlc acid acetal, In lower concentrations, only m car- 

rageenans from several other Petrocehs species and from certain related Gzgarfina species 

Recent evidence suggests that Petrocelzs mrddendorfil (P francrscana) represents the 

sporophyte generation of G1gartiru.z paprllata ’ Thus, the occurrence of pyruvlc acid bound 

to carrageenan may have taxonomlc slgruflcance 
Unhke agar, m which the pyruvlc acid acetal groups occur m a fraction having 

httle sulphate ester or bemg remote from sulphated regions of the molecules13*‘4, the poly- 

saccharlde from Petroceh muidendorfir (P fiancwxna) 1s composed entirely of 2-sulphate 

residues, as shown by 1 r , perlodate oxldatlon, and alkalme borohydrlde reduction3 The 

pyruvate group must occur m assoclatlon with these sulphated sugar residues As the back- 
bone of carrageenan molecules consists of a-(1-+3)- and p-(1+4)-hnked D-galactopyranosy~ 
residues, we propose that the carrageenan from Petrocelzs mrddendorfir (P franczscana) con- 

tams a repeatmg structure conslstlng prlmarlly of alternating (l-+3)-lmked 4,6-0x1- 
carboxyethyhdene>P-D-D-galactopyranosyl2-sulphate and (l-+4)-hnked ar-D-galacto- 

pyranosyl2sulphate residues The major component m the Petroceh species and a mlilor 
component 111 tiase’s polysaccharldes l2 thus represent a new carrageenan type, which we 

propose to call 7r-carrageenan A small proportlon of (1+3>lmked /3-D-galactopyranosyl2- 
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sulphate and (l-+4)-hnked cu-Dga]actopyranosyl2,6-dlsulphate residues are present III the 
&trace& carrageenan It 1s lmposslble to state whether these are dispersed among the 
n-carrageenan umts, or whether they represent a contammatmg Lcarrageenan 
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