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\BSTR \CT 

An antlbody preparation dwected agamst a structural feature associated wth 

6-sulphate groups was used to probe structural relations among certam i-type 

carrageenans lmmunochemlcal and chenucal differences are described between the 

KCi-soluble carrageenans from tetrasporlc algal plants of Grgnr ma corl nzb1fel a, 
Grgarma sp from San Francisco Bay, Petrocelrs mddedorjil, It rdaea cord&a, 

Rhodoglossm~ cahfornrcmt, and CJlot~clr US cl rsprrs The differences m lmmuno- 
chemical reactwlty of the Grgartrtla and Petrocehs carrageenans relative to the 
homologous antigen (C/lo&z~~ crrsprrs /-carrageenan) are attrrbuted to the lower 
content of 6-sulphate groups on the 4-lmhed residues m the former carrageenans Both 

the lmmunochem~cal and chemical data suggest that the Glgattma and Petrocelrs 
carrageenans are largely E-ike m structure but do contam /-Ike features The I r 

spectrum of the Petroceh carrageenan differs from that of the Grgaj ma carrageenans 

The carrageenans from I corclata and R cahjhtwtm differ to a lesser degree from 
CJ~omfrrts crqw.5 /-type carrageenan These drfferences cannot be accounted for by 
differences m the levels of 6-sulphate groups Some other structural feature, ds yet 

umdentlfied. IS responsible for the discrepancy m the Immunochemlcal reactivity of 
these carrageenans to the antI-/-carragcenan 

INTRODUCTION 

Several classes of carrageenan habe been described These are defined’ ’ by 
their ester sulphate group content and posItton, as well as then- solublhty m KC1 
Wlthm these classes of sulphated galactans, \arratrons and devratrons from Ideal 
structure may occur3 These variations ha\e been evpiolted to study the confor- 

matlonal features and physlcai propertles of carrageenan? 5 As nnmunochem~cal 
technrques become more refined, these varlatlons may prove useful for purposes of 

clawficatlon and taxonomy 

‘This research 1,~~s supporrcd b\ NRCC grant No 235 
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The demonstration that, m some members of the Gigartmales, h-carrageenan IS 
restrlcted to the gametophyte and I-carrageenan to the sporophyte6, has led to the 
preparation of purer li- and I.-carrageenans In ths paper, we present a quantltatlve 
nnmunochemlcal study of carrageenans extracted from tetrasporlc stages of several 
species of algae The usefulness of such an approach m deducmg nnmunostructural 
relatIonshIps as well as detectmg gross or subtle chemical and structural varlatlons IS 
demonstrated 

EYPERIMENTAL 

Mater rals - KCI-soluble carrageenans from tetrasporlc plants of Cl~onclt IIJ 
crrsprrs, Rhodoglosslrnl cclfrfor IlICL11?1, Grgal tom cor_~ mbrfet a. Grgat tma species (San 
Francisco Bay), Pett ocelts nzddervforf~ (P f~ ancrscmla), and II daea COI data were 
extracted as described by McCandless et al 6 

Clrenucat ntodrficatrons ami anal1 51s - A preparative, albalme borohydrlde 
treatment was carried out accordmg to a procedure described by Rees’ Controlled 
alhahne NaBH, treatment \\as carned out by the same procedure, except that samples 
were removed at various times from 15 mm to 10 h, and lmmedlately preclpltared 
with 3 vol of absolute Z-propanol The modified carrageenan \ias collected b> 
centrlfugatlon and washed with 80% 2-propanol until the samples \\ere free of salt 

Perlodate o\ldatlon was carried out as described by Rees’ Determmatlon of 
3,6-anhydro-r+galactose \%a.~ carried out by the resorcmol method of Yaphe and 
Arsenault ’ 

4ntrbodj ptepalarton - Antibody (Ab) agamst /-carrageenan from C crrrpuP 

i\as raised m a goat by 4 mjectlons admmlstered on a bn\eehly basis, of carrageenan 
COnJUgated to methylated bovme serum albumm The serum \i as dialyzed ag‘unst 1 Omal 
phosphate buffer (pH 5 2-5 4) at 5” to remove \\ater-Insoluble euglobm, ~1 luch has a 
tendency to be precipitated nonspecifically by carrageenanS The gamma-globuhn 
frnctlon was obtamed by the slov addmon of finely ground (NHJISO, to 50°‘o 
saturation at room temperature The precipitate \\ds centrifuged at IO 000 r p m for 
30 mm, resuspended m one half volume of IOrn\i phosphate buffered salme solution 
(PBS) (pH 7 5) The specific yG-globulm fraction \\as preclpltated b> the slo\\ 
addition of finely ground (NH&SO4 to 33”/ saturntlon at room temp collected by 
centnfugatlon, resuspended m one half the ongmal serum volume of lOmar PBS 
(pH 7 5), and dialyzed agamst a large excess of the same buffer for 24 h at 5’ The 
YG-globulm preparation was sterlhzed by Mllhpore filtration and stored at -70’ 

Quantitative antigen-antlbody (Ag-Ab) reactIons were carried out by the 
agarose medmm turbldimetrlc assay“, Ab (250 /d) was treated 111th Ag (25 j(g) at 37O 
m a medmm conslstmg of 0 1% agarose m IOm\r PBS (pH 7 5, 3 ml) The rate of 
preclpitatlon was recorded with an external recorder-readout attached to a Umcam 
1 SO0 spectrophotometer set at a Lbavelength of 420 nm 

&fiat ed spectt oscopy - I r spectral analysis nas carried out on carrageenan 
films formed by dmolvrng carrageenan (3 mg) m bollmg water on AgCl discs, as 
described by Cralgle and Lelgh” 
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RESULTS 

Chat actem ttcs of the am-l-cat rageettaiz - A commercial preparation of 

I+lrrageendn supphed by Marme Collolds, Inc , Sprmgfield, NJ 07081, was sub- 
jected to controlled, alkalme borohydnde treatment m order to obtam samples \\~th 
~arvmg amounts of D-galactose G-sulphate residues Table 1 mdlcates the content of 
3 6-anhydro-D-galactose residues of the samples An increased content of anhldro 
residues IS concomitant wth a decreased content of 6-sulphate groups as the anhjddro 
residue IS formed’ by Su2 ehmmatlon of the 6-sulphate group The ablllty of each 
sample to preclpltate anti-I-carrageennn 15 sho\\n m FIN 1 A marked decrease III 

reactI\ ity IS noted wth Increased modlficatlon 
ItiullrrnocllenlrLal artal> s~s of cm I uc/eettntt - Equivalent amounts (25 LIP) of 

\ar~ous KCl-soluble carrageenans were treated wth ,ultL-carrageenan FIN 2 sho\~s 

the reactlwty of KCI-soluble carrageenans from C et t~pus, R caltfot ttmtttz, I COI darn 
G cot I mbtfet u, Gtgctt tttta sp from San Francisco Bay and P tttttfdettriotfir (1; attcty- 
tam) before and after alkalme NaBH, treatment The carrageenans from I cot&u 

,md R cd~for tttcltttt bhow lo\\er reactwty to the antI-i-carrageenan thdn the 
homologous antigen (t e , C CI rrps c‘lrrageenan), u hereas the Ctgtar tttzn and 

Pcttoceltv show very IOU reactwit) In all cases a fkrther decrease m antlgen- 
,mtlbod) reactlvlty \\ns noted after alh&ne borohydrlde treatment Table 11 4iou s 
the Indices of homology (I H ) of the various carrageenans calculated by the folio\\ mg 

formul‘t described b> DINmno and ~McCandless9 I H = e \prrmlental (preclpltation 
rnte x equ~hbrmm absorbance)‘refelence (preclpltatlon rate x equlhbriunl absorb&mce) 
\\ here the reference sample IS the homologous antigen 

Cltettttcttl attail TI I of cot t ugentnft 5 - The I r specrr‘l of the wrrageerwis silo\\ 
m.lrl;ed ~lmllantles m th,it all cont‘un the usual carbohydrate ester sulphate b,tnd ‘tt 
I x0- 1240 CIlI - 1 The I r spectrum of C CI ISPUS R calrfot ttt(ttttt .md I cot rkrrct 

c Irr,lgeenans show a broad band bet\\een S50 and SO0 cln- ’ M lth ‘I yeah ‘Lt S37 CIV I 

Xfter .#.alme borohydr !de treatment the broad peak .it 227 cm - ’ n a5 1 esolved Into ‘I 
pr~L ‘It so5 cl- 1 replesentmg 2 6-,lnhdro-o-~al,tctose 2-sulphate and d peah .It 
S30 cm - I for the C ct rcptrs hCl-soluble carrageenan 11 lrh a concomtt‘~nt nppexkincc 
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Ag 1 Turbldlmetrlc assay m ngarose9 of carraSeenans nlth various degrees of albalme borohydrlde 
treatment See Table I for numbermg 01 the samples 

of the peak at 936 cm-’ due to the 3,6-anhydnde group For I cordata and R 
~~f~f~~~zzcz~~ carrageenans, the band remamed broad between 860 and 800 cm- I, but 
the peak absorption was shlfted to 835 cm- ‘, mchcatmg a change m the proportlons 
of pnmary, secondary axial, and secondary equatorial ester sulphate groups, a peak 
at 936 cm-l also appeared after alkalme borohydrlde treatment The spectra of the 
two Grgartma species show a narrow band with a peak at 830 cm- I, which remains 
relatively unchanged after alkaline borohydrlde treatment The P tmddetzdotfir 
(P fiatzctscana) carrageenan shows a broad peak between 850 and 800 cm-’ with a 
sharp peak at 830 cm-’ After aIkahne borohydrlde treatment, the band remamed 
broad with peaks at 845 and 835 cm-’ 

The analysis of 3,6-anhydro-D-galactose content before and after alkalme 
borohyclrlde treatment, the latter analyzed before and after NaIO, oxldatlon, are 
recorded In Table III The resistance of all these polymers to NaIO, oxldatlon 
demonstrates that all of the precursor umts to the 3,6-anhydnde residues are D- 

galactose 25disulphate and not merely D-galactose 6-suIphate residues (Table III) 
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The Gzgartzna and Petrocelzs carrageenans showed, after alkalme NaBH, treatment, 

contents of 3,6-anhydro resrdues lower than those of the C crzspus, R calzfornrcum, 
and I cordata carrageenans, whxh mdlcates a lower content of 6-suIphate groups in 

the former carrageenans The I cordata and R calzforlzzczzm carrageenans have 

smular levels of 6-sulphate groups as C crzspus carrageenan 

4 12 20 

Time (min ) 

4 (2 20 

Fig 2 Turbldlmetrlc assay m agarose’ of carrageenans before ( -) and after alkalme boro- 
h>drlde treatment (- - - ) (1) C cr~spus, (2) Grgurtrna sp (San Franc~sco Bay) (3) G corv&&a 
(4) R cal&rn~unr (5) I cordata and (6) P nrlddendorfil (P francrscana) 

TABLE II 

IMhSUNOCHEhiICA L HOhfOLOGY OF THE VARIOUS CARRAGEENANS TO c CrISpItS I-TYPE CARRAGEENAV 

Source of carrageenan Carrageenon Equdtbrrwn Rate of preclpltatlorr I Ha 

t>pe tarbrduy [(Absorbance/ 
(xk IO%) mm IO”) * IO%] 

C cmpas 1 0 240 46 1 
lb 0 045 46 0 02 

R cal~fornrcam / 0 110 40 0 40 

ib 0044 12 0 05 

I cordata I 0 095 45 040 

lb 002 I2 002 

G corynzbtfera , 0 056 9s 0 05 

ib 0 020 20 0 01 

Grgartma sp 1 006 so 0 05 

San Franclso Bay f b 003 34 001 

P mrddendor-z I 0 04 12 0 05 

Wkzncrscana) lb 0 02 56 001 

“See Results for definmon bAlhalme NaBH,-treated samples 
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TABLE III 

COWTENT OF3,6-AhHYDRIDO RESIDUES OF j-TYPE CARRAGEENAM 

3 6-_hl1~ ho resrdue (pg)/carrageenans (ttzg) D-Galactose 
2,6-drstdpbate 

Untreated Treated a rrh precursor 
resrdaes (%) 

AIhabne Alhahne boroh 1 dude 

boroltl dude and perrodate 0 udatrorr 

C crispas 
P rnrridendor&r 
(P francIscana) 
G mbrfera car, 
Grgarwm sp 
(San Frarmsco Bay) 
I cordam 
R cabforrncultl 

20 1699 1642 96 6 
30 519 90 6 107 

40 96 3 90 6 9J 1 
55 107 6 101 9 917 

00 191 1 209 5 109 5 

0 13 1630 162 3 9s s 

DISCUSSIOh 

Although the lmmunochemlcal method may be used to detect quantItatwe 
differences m certam specific chemical features of antlgens’ ‘, the actual antlgen- 
antibody reactlon IS not uetermmed solely b] prnnary structures but represents a 
complex stereochemlcai lnteractlon m D hlch slrght modlficatlons or varlatlons m 

pnmary, secondary, and tertiary structures may have pronounced effects on the 
mteractlon between antigen and antlbody The reactwty of I-carrageenans to antw- 

carrageenan IS greatly Influenced by alhalme sodmm borohydrlde treatment of the 
polymer (FIN I) Whether the decreased reactwty to the antlbody IS due to the loss of 
6-sulphate groups or to the secondary and tertiary conformatlonal changes produced 

by the mtroductlon of 3,6-anhbdro residues cannot be determmed precisely It IS 
clearly mdrcated, however, that some structural feature associated wth D-galactose 
6-sulphate or possibly o-galactose 2,6-dlsulphate residues IS mvolved m the antlgen- 
antIbody mteractlon The 6-sulphate group structural feature represents the maJor but 

not the sole determmmg factor smce, even after e\haustwe alhahne sodium boro- 
hydride treatment, the resultmg polymer still shops some reactwty to the antl-2- 
carrageenan 

Immunochem~cally the potassium chloride-soluble carrageenans IYom R 

calrfol mcmz and I cot data have closer homology to C CI rsprts than the carrageenans 
from either of the Grgaitrtra species and P nlr&fenrIorfil (P framxcana) The ex- 

tremely low mdlces of homolo,y of the Glgar tnra and Pet! ocelu carrageenans may be 

due to the lower content of D-galactose 2,6-dlsulphate residues and the ensumg 
conformatlonal alteration The carrageenans from I cordata and R calrforr~rcrrn~ 

show an mde\ of homolo,T of 0 4 Although the content of 6-sulphate groups m these 
polysaccharldes IS as high as that of C crrsprrs carrageenan, and although they show 
an I H higher than those of the GIga, ma and Petrocehs species carrageenans, some 
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other structural dlfference must be responsible for the I H value bemg c 1 This 

structural feature need not be associated wth the 6-sulphate groups 
Usmg ~mmuno&ffuslon wth an absorbed antI-l-antlsera and I r spectroscopy, 

Evelegh et al ’ ’ and McCandless et al ‘ 3 have described quahtatwe differences m the 

sdme carrageenans These were Interpreted as bemg due to the lack of 6-sulphate 

groups m the Gyal ma carrageenans In the present study we have shown that the 

reactwty of an antlbody preparation, processed as described herem, IS dn-ected 
toward some structural feature associated wth 6-suiphate groups The close slmllanty 
of the carrageenans from the Gyartrrza and Pettoceh species dlscussed here to 
<-carrageenan from G ~IIUIIIIS~OI, G carlalrcu/ata, and G at1 oprr~pw en described by 
Penman and Rees’ IS lndlcated by the low I H relatwe to that of C c/~sprr~ car- 

rageenan, by the lo\\er content of 6-sulphate groups and by the differences in the I r 

spectra As these carrageenans do contam enough 6-sulphate groups to produce 59’0 

of 3 6-anhydnde residues on alkalme sodnun borohydride treatment, which IS 

accompamed by a decrease m mxnunolog~cal reactwty to the antw-carrageenan, 
these may m fact represent hybrid <-,-carrageenan molecules, although the powblllty 

that j_-carrageenan might occur as a separate mmor component cannot as yet be ruled 
out The I r spectrum of the Petrocelrs carrageenan after albalme sodium boro- 

hqdrlde treatment is unusual III that it contains an absorption band at S45 CIII- ’ 
We conclude that Immunochemistry, In conJunction ~~11th I r spectroscopy and 

chemical analysis, is useful m detecting and elucldatln, = structural \armtlons that 

occur m certam related classes of carrageenans 
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