
Phytochemmy, 1975, Vol. 14, pp 1359-1362. Per&mm Press. Prmted ,n England 

DIFFERENCES IN CARRAGEENAN IN GAMETOPHYTES 
AND TETRASPOROPHYTES OF RED ALGAE 

J. ROBERT WAALAND 

Department of Botany, University of Washington, Seattle, WA 98195. U.S.A 

Key Word Index-1ridaea; Gigartina; Rhodophyceae; red algae; carrageenan; cell wall. 

Abstract-The yield and type of carrageenan in the marine red algae Iridaea corduta, I. heterocarpa, I. 
lineare, Gigartina exasperata and G. papillata was examined. The yield from the species studied ranged 
from 52 to 66%. In gametophytes, the carrageenan was 93% ri-carrageenan; in tetrasporophytes, the car- 
rageenan was 95’x i-carrageenan. 

INTRODUCTION 

The marine red algae Iridaea and Gigartinu (Rho- 
dophyta, Gigartinales) are sources of the commer- 
cially valuable sulphated polysaccharide carra- 
geenan. Carrageenan from these and other 
members of the Gigartinales has usually been frac- 
tionated into a KCl-insoluble fraction (I<-carra- 
geenan) and KCl-soluble fraction (A-carrageenan). 
ti-carrageenan has high gel strength and low visco- 
sity while A-carrageenan has low gel strength and 
high viscosity. These two types of carrageenan 
differ in their degree of sulphation and in their 
molecular structure [l]. It has long been known 
that different populations of carrageenan-produc- 
ing algae differed in their r</n proportions and that 
some species contained only k--carrageenan. It was 
suggested that such differences might be due to 
seasonal factors, or differences in habitat or age 
[2-41, but no successful correlation was established 
between carrageenan type and any of these factors. 

It was recently realised that the haploid gameto- 
phytes contain predominantly r<-carrageenan and 
diploid tetrasporophytes contain predominantly I- 
carrageenan [S-S]. This paper details carrageenan 
yield and h-/A-carrageenan proportions for Iriduea 
cordata (Turner) Bory, I. hrterocarpa Postels and 
Ruprecht, I. lineare (Setchell and Gardner) Kylin, 
I. cornucopiae Postels and Ruprecht, Gigartina 
r.uusprrata Harvey and Bailey, and G. papillata (C. 
Agardh) J. Agardh. 

RESULTS AND DISCUSSION 

The carrageenan yield from all samples of suffi- 
cient mass for analysis are given in Table 1 (see 
Table 4 for sources of plants). In all species exam- 
ined. carrageenan was more than 50% of the dry 
matter of the plants. In I. cordata, the species most 
intensively investigated, carrageenan averaged 
61 _t 5’?:, of the dry wt. One sample yielded more 
than 70”,, carrageenan; the average for all the 

Table 1. Carrageenan yield for species of frrdaca and Gigartina 

Species Yield* (‘i;, dry wt) Samples Determinations 

I. cordata 
I. heterocarpa 
1. lineare 
I. cornucopiae 
G. exasperata 
G. papillata 

61 k 5 30 40 
51 + IO 3 3 

66 I I 
52 I I 

52 k 7 6 6 
52 I 1 

* Mean + s.d. 
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Table 2. Comparison of carrageenan yield in different types of lrihw corhrcl and Grytrrriurr ~‘~LI,\/~~Yo~u 

Species Type 

Yield* 
(“,, dry wt) Samples L)etermrnations 

Vegetative 
Male 
Female 
Tetrasporic 
Vegetative 
Female 
Tetrasporic 

62 + 5 I I I-l 
59 * 4 4 (1 
65 i_ 4 x ‘1 
64 f 3 s I I 
51 I9 4 J 

54 I I 
55 I 1 

* Mean k s.d. 

other species examined was 55 rt 8%. A compari- 
son of the total yield of plants of different types 
(vegetative, male, female and tetrasporic) revealed 
no significant differences (Table 2). 

A striking difference was discovered when the 
extracted carrageenan was fractioned into the K 
and i types: gametophytes have a very high pro- 
portion of r;-carrageenan and little or no i.-carra- 

gecnan while tetrasporophytes have little or no K- 
carrageenan and a very high proportion of L-carra- 
geenan (Table 3). The species most thoroughly in- 
vestigated was I. mduta; samples of the other five 
species of Gigartinales which were examined fol- 
lowed a similar pattern in their r;/j,-proportions. 

In those species, I. cwduta and I. iwtuocarpu, 
for which cytological observations of ploidy levels 
are available 193. the gametophytes are known to 
bc haploid and the tetrasporophytes are known to 
bc diploid. Thus the correlation of the haploid 
nuclear condition with the presence of I;-carra- 
geenan and of the diploid nuclear condition with 
the presence of i-carrageenan in Iri~&a follows 
the same pattern that has been found in Chon&us 
c~~isp~s, a North Atlantic member of the Gigar- 
tinales [S. h]. Except for G. ~~apilluta, all the species 

examined in this study have isomorphic gnmcto- 
phytic and tetrasporophytic phases. G. /~rpi/lrrrtr is 

a member of the subgenus !LILISIO(.(II.I)IIS which is 
characterized by the lack of a tetrasporophyte 
phase [lo]. Recently. West [I I] has demonstrated 
that Gigar.tir~u q~~~dhii (Sctchcll and (Ludncr) is 
the gametophytic phase of the encrusting alga 
P~~trocc/i.s ,fi.lr,l(,isc,rr,~~~ (Setcholl and Gardner). It 
seems likely that G. ppilltrta. which closcly~ rcscm- 
bles G. uyaru’hii in morphology and habitat. also 
has a heteromorphic life history and that its tetra- 
sporophytic stage will be found to bc an encrusting 
form. too. In addition I’. /~~LIII~~~.su~~u~ which is 
known only as a tctr~tsporoph)tL‘tc has been shown 

to contain primarily i-ca rrageenan (Mc(‘andlcss 
and West, personal communication ). Thus it 
appears that carragecnan composition and lift his- 
tory phase can bc corrclatcd ior all the Gigar- 
tinales which have been cxamincd so far whcthc~ 
they are from the North Atlantic. the North Pacific 
or the South Pacific. 

The fact that r<-carragecnan is characteristic of 
gdmetophytes (haploids) and /.-carragecnan is 
characteristic of tetrasporophytcs (diploids) olfcrs 
a relatively simple and reliable means of assessing 

Table 3. Ratio of ‘“, ,i-carrageenan to “, ,, i-carrageenan in Iridrwu and Giqtrrtiutr spears 

Vegctativc 
or 

mixed samples 

6.y38 
(37)* 

sojzu 
98i2 

Malt 

94/6 

(4) 
9416 
91,‘9 

Female 

93.7 

(5) 
94 ih 
S7’13 
94 ‘6 
96’4 
93,7+ 

* (s.d.). 
+ Males and females combined. 



Species 

Carrageenan in gametophytes and sporophytes of red algae 

Table 4. Collection data of Iridara and Gigartirm species 

Site* Dates 
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I. cordata Minnesota Reef, San Juan Island 22-6 72 
1% I-72 
I l-9-72 
I2- 5-73 
I l-6-73 
15-473 
16-7-73 
1 X-9--73 
13--X-73 

Boulder Reef, Sinclair Island 
Middle Pt.. Kitsao Peninsula 

I. heterocarpa Pt. Partridge, Wh’idbey Island 
Minnesota Reef, San Juan Island 

I. linrare Pt. of Arches, Olympic Peninsula 
I. cornucopiar Cape Flattery, Olympic Peninsula 
G. erasprrata Middle Pt., Kitsap Peninsula 

Snug Harbor, San Juan Island 
G. papillata Pt. of Arches, Olympic Peninsula 

* All sites are in Washington State 

the gametophyte/sporophyte ratios and ploidy 
levels of populations of carrageenan-producing 
algae especially when the plants are still vegetative 
and have not yet reached reproductive maturity. 
Such an assay should prove useful in studying the 
population biology of these algae to see if particu- 
lar habitats favor the predominance of haploid 
plants or diploid plants. In commercial seaweed 
culture, it would be possible to select inoculum 
plants from populations such that a high propor- 
tion of one type of carrageenan or the other would 
be obtained in the cultivated crop. Furthermore 
since determination of carrageenan type can be 
done on individual plants or parts of individual 
plants, it should be feasible to select strains of these 
algae with particularly desirable characteristics, 
such as fast growth, by studying individual plants. 
The plants could then be grown to see which form 
of carrageenan was produced, and then vegetati- 
vely propagated for large-scale cultivation. 

EXPERIMENTAL 

Seaweed samples. Table 4 lists the species, dates, and places of 
collection of the samples. One to 10 kg (fr. wt) samples were 
sorted (vegetative, male, female, tetrasporic) then dried in the 
open air, in an electrically heated rotary dryer, or on racks next 
to a campfire. 

Eztructio,l. In determining extract yield, both a mild alkali 
and strong alkali extraction have been used; extract yields 
ohtained by either method from subsamples were not signifi- 
cantlv different (63 i 5”/, mild alkali vs. 62 + 4% strong alkali, 
II = i0). The extracts oGiained by the strong alkali method were 
used for I;/;. fractionation. The strong alkali procedure differs 

23-7-72 
21-673 
17-5-73 
13-u-73 
I l-9-73 
I c9-73 
27-673 
14X-73 
I l-9-73 

from the mild only in the steps indicated by (strong alkali). 
Extraction was accomplished by adding 20 g clean, dry, pulver- 
ized seaweed sample to 071. of H,O at 90-100” plus IOml 
0.75 M NaOH (adh 20 g sample to $00 ml cold 0.05 h NaBH, 
for 1 hr followed bv addition of 200 ml 3 M NaOH ulus I e 
NaBH,); the mixture was heated for I hr with stirring then 
milled in a blender for I min. The blender was emptied and 
rinsed with 300 ml HZ0 which was added to the paste which 
was stirred, covered, and held at X0” for I8 hr (the paste was 
brought to pH X-9 with 3 M HoAc). The paste was mixed with 
50 g filter aid (Celite 535), stirred 30 min and then about 500 ml 
was filtered in a preheated pressure filter. The filter cake was 
washed with 100 ml hot H,O which was saved and added dur- 
ing the filtration of the remaining crude extract. All the filtrate 
and wash material was combined, weighed and then heated to 
60”. The filtered extract was then poured with stirring into I vol. 
of 85% iso-PrOH in the ratio of 20 g filtrate:40 ml alcohol: I ml 
IO% NaCl (omit NaCl in strong alkali procedure). After I5 min. 
the resulting coagulum was drained, squeezed dry and trans- 
ferred to 300 ml of the 85% iso-PrOH soln for I5 min. After ad- 
ditional squeezing the coagulum was dried at 60” for 4 hr and 
ground to a powder when dry. Yield was determined gravime- 
trically based on the clean dry wt. of the sample. 

Fractionation. IL/,? fractionation was accomplished by treat- 
ing 8 g carrageenan (obtained by strong alkali extraction) 
with 800 ml of 2.5”/, KCI, stirring for I hr. then standing IX hr, 
followed by addition of 2&50 g filter aid plus 1 hr stirring. The 
soln was then filtered through filter paper and the filter cake 
rinsed with 100 ml 2.5’% KCI. The filtrate was added to 2.5 vol. 
of 85% iso-PrOH; the ppt. was i-carrageenan which was 
washed once in 1 vol. of 85% iso-PrOH then dried 4-X hr at 60’. 
The filter cake was dispersed in 800 ml hot H,O and stirred I hr 
at 95”. The filtrate was added to 2.5 vol. of 85% iso-PrOH to 
precipitate x-carrageenan which was washed once in I vol. of 
85% iso-PrOH, then dried 4-8 hr at 60” in a well-ventilated 
oven to constant weight. Proportions were determined gravi- 
metrically [l2-151. 
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