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ew high molecular weight polysaccharide preparations isolat-
from fuod-grade microalgae ‘that aré. potent activators ‘of

pallieelt

"'ctura y compiex and h

5 Immunostlmulatory actiwty wis measured
g & transcription factor-based bioassay for nuclear factor:
pa B {NF-kappa B) activation in THP-1.human monocytesf
rophages, Using. this system the ECyp values for these mi-
lgal polysaccharides are between 20 and 110 ngjmi {about
M): THP-1 activation was confirmed by measuring immune
kine mRNA induction using reverse transcriptase-polymer-
ain.reaction (RT-PCR). Each polysaccharide substantially
ased mRNA [evels of inteileukin-18 {iL-15) and tumor ne-,
actor-o (TNF-ct), These polysaccharides are between one
ired and one thousand times more active for in vitro mono-
ctivation than' polysaccharide preparations that are cur-
used dinically for cancer :mmunotherapy

ords: Aphanfzomenon flos-aquoe (Nostocaceée). Spirulind
is (Osclllatoriaceae), Chlorella pyrencidosa {Ovcystaceas),
charide, THP-1 monocytes, nudear factor kappa B...

uction

n the commercial production of food-grade microal-
tman consumption. Among the various:microalgae
. Chlorella speciés and Aphanizomenon flos-oguae’
‘in wxdespread use;

the consu_mp_t:on uf, fno_d-grade' micrb"a'lgaé, have

nhanced immune function in both animals and hu-
l'administration of Chlorella vulgaris has been corre-

Original Paper

stract: This research describes the identification of thrae

uman monocytes/macrophages:  “Immulina” from" Spirufina.
ensrs "Immunon from Aphamzamenon Fos- aquae, and “l‘iﬁ-. _

the last several decades there has been an mcreasmg .

heen explored for their commercial potential, Spiru- .

ajor types‘that bave been successfuliy produced
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lated - with enhanced  granulocyie-macrophage progenitor
cells in mice infected with Listeria monocyrogenes {1). Dietary
Sptrulma species | increases macrophage phagocytic activity in
chickens (2) and exhibits, chemopreventwe effects in humans
(3) Human consumpnon ‘of - Aphanizonmenon. ﬂus aquae has

_been reported to produce changes in immune cell traffi ckmg

and enhanced. immune surveillance (4). The active COmpo-
nients for all these. effects have not been conclusweiy estab~
Wshed. . .o U UITEL UL T e e

In the present study we have identiff ed’ robust macrophage
stimulating activity in the crude extracts of Spirulina p!atens:s
Aphanizomenon flos-aquae, and Chlorella pyrenoidosa. Our ob-

: 737

jective was to isolate and characterize the compound(s) re- .

sponsible for this activity. Macrophage activation was evalu-

ated using a Iucr_ferase reporter gene based bioassay where Ju-~
. ciferase expression is driven. by the binding of NF-kappa B. .
The activation of transcription factor NF-kappa B coordinates

gene expressmn and regulates. many immune and inflamma-
tory responses in activated monocytesfmacrophages (5).

Materials .anr.i Methods

Materials

Freeze-dned microalgae: were purchased from the following

.. sources: Spirulina platensis (Lot No. B16933, MISS accession
..'No. 63118) from Triarco Industries, Inc. (Wayne, NJ), distrib-
.- uted: through Geéneral Nutrition Corporation; Aphanizomenon

flos-aquae (Lot No, 0110FA, MISS accession No. 63116) from

‘Cell Tech (Klamath Falls, OR); and, Chlorefla pyrenoidosa (Lot

No.: VPOB'IB MISS accession No 63117) from, Sun Chiorella

specimmens deposxted at the Pullen Herbarium (MISS), Depart-

- ment of Biology, The l_ng_vers:_ty of Mississippi, University MS .
.38677. Bacterial lipopolysaccharide (E. coli, serotype 026:86) . .
and polymyxin B were obtained from Sigma Chemical.Co: Car- .

dngton Laboratories inc. (Irving, TX) provided two different

. preparations of acemannan: Aloe vera muc1lagmou5 polysac- -
charide {AVMP, Lot. No.. 11586) and. Manapol (Lot No, .
" 116018). Schizophylian polysacchande was a gift from Dr. Da-
 vid Williams. The polysaccharide lentinan was also a gift from
‘- Dr. Yukike Maeda {Lot: No, 21832). JHS Natural Products (Eu- -
gene, OR} generous!y prowcled the pulysacchande krestm,
{PSK). . ; i i
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THP-1 human moenocytes were obtained from American Type
Culture Collection {Rockville, MD). LucLite™ luciferase report=-:-
er gene assay kit was purchased from packard (Downers
Grove, IL). NE-kappa B. plasmid: construct (pBIXLUC) was 2=
gift from Dr. Riccardo Dalla-Favera that contains two copies of -
NF-kappa B motif from HIV/igK (6). Reverse Transcriptase:
(RT)-PCR Kits were obtained from Promega (Madison, wiyand
for RNA isolation the TR Reagent® system was used.(Molecu-
1ar Research Center, Inc. Cincinnati, OH): RT-PCR primers for
1L-15 TNF-z and GAPDH were. purchased from. Integeated. -

DNA Technologies, Inc. {Coralville: 1A)

[solation procedure

Freegavdriedin
nizomenon flos-

[ Flipsiig

ao G
i ol extracts were evapor
solvent partitioned between water and chlorofortn
Jowed by further partitioning of the water layers wit
nol (water: n-butanol, 63:37). The water Tay '
ond solvent partition was subjected to alcohol precipitatlol
(water: methanol: ethanol, 1:2:3) 4t 280°C for 24 hours. Pre-
cipitatable materials’ were passad through a {frafiltration:
device with a 100,000 moleculat weight cut: etherst
fone membrane (Centricon Plus-20 from Milhljnm.’iBédford.*
MA). The retentates were subsequently washed several:times
with 3% KC1 (wiv) to remove impurities that adhered (proba-
bly through ionic interaction) to the large moleculal weight
materials. Lo S

re analyze

d using

The high molecular Wei'gh_t,.;etgntétes ‘we
size exclasion chlfbmatogrr'aphy:(SEC)}Tl‘i

2 Model 600E system controller, UKG &
vent delivery system, Model 401 di
and a Model 3396A Hewlett-Pac ard:
were performed at a flo ' st

grade water and’ &' Shot ¢ column

(300 mm length » 8 mm:

weight retentaies from each

nantly one pea:
~ for Spirulina p!atensis.,".immunan’f for Aphanizomenon flos-
aquae , and “lmmurella” for Chlorella pyrenoidosa - Estimation

of the mofecular weight fo at ch C
parison with retention times f@iﬁdf:t@nz’stand'a’r’d's {12,000,
01 million, 1.6 million and 5—40 million daltons).

ifi

_ Structural characterization == .-
Carbohydrate contexit of the purifi
lina, Immunon and immurelia) were estimated using'a colo
metric assay based on‘réactiqn'vivlﬂfphen (5% wivin wate

~ and concentrated sulphuric acid, Absorbance was de '

" at 450 nm and 490 nm (7). Elemental analyses oFCa
drogen, nitrogen and sulfur was performed by
. ratories, Inc. {Knoxville, TN). Glyméyl'cﬁmp?iiuo.

. gyl linkage analyses ‘wete performed by ity o ) (
Ceorgia, Complex Car bohydrate Research Ce giycosyl  the dry weight of Spirulina platensis and Chlorella pyrenaidosa.
: ' metry  respectively. The percént composition-of 1memunon is higher’

' composition was’ determined “using GC-mass
" analysis of the mS-méthyl'glycdsidE's. in order toide
O-methylated sugais detecte
side proceduré, glycasyl compasi
i

ot b, it bR e A

““feactions were’ Tufusing

ethersul- "~

nsisted of

¥ that eluted in the void volume: smmulina”

¢h peak was achieved by com-—

jed polysaccharides (immu-" _
ated 3 ri- - murella” for’ Cﬁlorel!a,—-’pyreﬂoiddsa.
r) have refention times bétween 5.2 and 4.8
ermined  melecular weight above 10 miliion daltons) and are Very Wa- -
5+ - ter soluble at “10 mgfml. By comparison, immunostimulant -

lyco- cult to dissolve even at Jow conce
rsity: of

identify the
acted during the TMS—'rﬁéthyl' glyco-
tion was also determined us-- -
lifikage analysis - - -
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Hakomori procedure (9}, in combi-

was performed using the
ction in order to detect uronic acid

nation with carboxyl-redu
linkages {10}

Macrophage assay

Macrophage activation was measured using a luciferase re-
porter gene assay in THP-1 human monocytic cells as pievi-
ciusly',de.fa'cribéd {11). This assay measures immunostimulato-
ry dctivity as indicated by increased expression of an NF-kap-
1 B-driven. luciferase reporter. THP-1 cells are transiently

pa.:b:
transfected using: DEAE-dextran and the pBIIXLUC. reporter
plasinid containing two binding sites for NE-kappa B. Activa-

imal activation

tion'is reported asa percentage relative to max
“of NF-kappaB by:10 prgfml LPS:

RT-PCR for I1-1B, TNF-or and GAPDH

f mRNAs for 11-1f and TNF-a was performed as
previously described (11). In brief, total RNA was isolated
from THP-1 cells using the TRI Reagent® method and RT-PCR
i ' kit ‘reagents from Profmega: Se-
described i Su et ak. (12). Total
jons were ot saturating.

Detection ©

‘quence for the prifners were
RNA amounts used in the react
Results and Discussion -
The luciferase reporter gene bioassay for activation of NF-kap-
““pa B in human THP-1 cells was used to guide purification of
‘the immunostimulatory polysaccharides. For all three micro-
algae, the same isolation procedure was yised for purification.
* A crude extract for each microalgae was prepared by extract-
*ing the freeze-dried miaterial with 70% ethanol. Extraction
with 70% ethanol allowed for efficient separation of the active
“:giybstapce from the bulk of other inactive polysaccharides that
would be-isolated if a‘typical hot water extraction was em-"
* ployed (refer to additional ‘details below). Crude-extracts at
“50pgjml (Spirulina piatensis), 10 pgfml (Aphanizomenon flos-
aquae) afid 25pg/ml (Chlorella _pyreno_idosu} imicreased NF-

- kappa B directed luciferg's’é'expreﬁ&'iion' t6-levels 50% of those

" achieved by ma;dmal cqncgﬂtratiur;s (10 pg/mi} of LPS.

Semi-pure ‘microalgal polysaccharides were obtained-Dy 2
combination of solver_it"partitioning and alcoho} precipitation.
Final purification was accomplished by cemnoval of all materiat

“less than 100,00
~'to experimental section). The Tigh malecular weight polysac-
- chatides were analyzed using size exclusion chromatography
and were found to confain one peak: «ymmulina” for Spiruling
platensis, “lmmunon’ for Aphanizomenon flos-aquae, and “Im-

' These “polysaccharides

rainutes (estimated

' polysacchaﬁde’s such,;x's'écemannan'and f-glucans afe diifi-

immulina and immurella comprise between 0.5 and 10% of

a -sents about 2.0% of the dry weight of Aphait

and repre
~'non flos-aquae.:

ing the aldifol acetate procedure (8). Giycasyl

0 daltons using an ultrafiltration.device (refer

ntrations. Polysaccharides -

izome- "

Isolati i
ion of Three High Malecular Weight Polysaccharide Preparation

s with Potent lmmunostimulatory Activity

In additi :

emractgllzgr?tjaic:;J . ag“"e polysaccharides, microaigae hot water
weight maten'a]su stantial amounts of other high molecular
shown), Rermoval {size ‘exclusion : chromatography, data not
active polysaceh qg these contarqinaﬁng substances from our
Hence. the initia?n es could be difficult and tiine consuming
:vides ;m elegant extraction procedure using 70% ethanol PfO:
can be separated Egigosozgﬁgﬁ?y 'the active polysaccharides
VVWOUId be present with the hot walt(e:'r:at;tr::cl:-:?fnSUbStances that

1 presents a dose response for both LPS and the isolated

ucti i
ere?al:)fz?::\ii -fl;r NF—R_appa B directed luciferase expression
bl 30 gt PS50 mEpe e
5 il at 250 iigfml. To éonfifm
hariée?a;rlc&%irgie activation b_y purified micrealgai polr;rfsierlz"
e TNFla A evels of pltamﬂammatory cytokines 1L-18
1N Withm_easured tsing RT-PER (Fig. 2). Treatinent of
Hp-1 cells either LPS or microalgal polysaccharides re-
bited fn é’;r:atl; increase in both IL-15 mRNA (810 bp)
INF-ot RV f(444 bp), as compared with the control, This
et phosm;' the mRNA of the housekeeping gené gly-
=y phate dehrydmgernase (GAPDH, 1000 bp):

ggss;‘:]l_)l!e that the observed NF-kappa B activation by Im-
2 munon and Immurelia was due to endotoxin con-

== Buctiriel LPS

—+= Immunon

4~ tmmuling

05 1 15 2 25 3 35 4 45
Concentration (leg ng/m1)

D : i .
dz'seaI é&;{:ﬁ;ﬁ: f:él;g?cﬂm% polysaccharide, Immuncn poly-
o T aride; and- bacterial LPS activati
j rfauB én TI~_IP-1 monocytesfmacrophages at4 houic'sw;'ﬂm-I
qua ruplicate, Means + standard deviation:” ~ o

an!gal'ﬁblifﬁa;cﬁéﬁdés- ‘lm' i snom an |
oaigal pol hari mulina, Imraunon . and -
iel_]%m:;\g;r}l\rmmz ;yaoﬁgue r:;RNA productionn. l!?'}fag;
3 mRNA, 'mRNA and GAPDH mRNA i
urs: (M) PCR_marker, controf, bacterial ¢ S,
.marker, control, bacterial LPS.at 10 ug/r
lysacchaiide at 0.5 pgfml, (2} Immuling pdlys:tcg{mr:::_
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tamin-atiun of the preparation. To addre i ibili
S::ap;ea;gézgts: were c.ond‘ucted. First, po?;nr'l[;;iﬁggﬂ(‘;gl;}éftn\:g
1“g}ml)m (]th: combination with each polysaccharide (0.1 to
) activ;?_rve whether .there.was any abrogation in NF-
Kot block many of che biological oces of LS by
ing to the lipid A portion of the mo]eiuli chlts e Py e
polysaccharides were insensitive to polyn.l _three rr}llcroaigal
were yxin B additic -
It)ar ;c;te ;h;\;r_r;()él Addition gf pqumyxin Bto EPS (10 ,ugfrl'lli)] S(S;—
bressed NF ppa B. act:vatlpn by 75%. The second experi-
0 examine possible endotoxin-mediated effects

. I 1] EC 50% O[ fflax aI L] S was to 10 0 esence 0[ 3ﬁ—ilydloxyillyli5tate in the
50( im M- k) l Ok f r the pr
N h

glycosyl composition analysis. [n sample preparations of Im-

‘rophage activation by Immuli >
dotoxins. SR Y ,’?‘,‘,’""a and Immurella is due to en-

?;?i?ﬁv:;; :1: t:vo different sample preparations of [mmunon
) unts-of. 3ff-hydroxymyristate (0.6% of total peak'

area) were detected. In order to determi
i .In C
Cley order to determine how much “endo-

'tD,.'_. ,, PRy e
oxin-like™ material was present, six samples of Aphanizome-

non_ flos-aquae were analyzed: '
on. flos-aquae:were analyzed using the Limulus: amebocyte

“lysate (LAL) assay (analysis performed by BioWhittaker, Wal--~

kersvitle, MD). The amount Josit
I . MD). The amount of LAL positive material detecte:
‘ 7 t L t
g;u;g r:}hss assay represented 0.002% of microalgal dry w:gl??
By com E;:s::o;{. thte pe(g:ent composition of Immuno is about
eater (2.0% of microalgal. d i i
means that at the concentrati ed o il
_ tration required to prod i
murn NF-kappa B activation by [ O ghinl), the to.
mimunon (100 )
tal amount of potential LAL st e
tive material
be 100 pgfml. This co Fion Frvotd non b
N ncentration of endotoxin would
. R
S:}t?;:yab;; élcstu:]gr (:rnr THP-1 assay system. Therefore, the sott“l::
TUROMN O IMac {vation i
due-to endotexin contamination. Fopfiage actlvation s not

Using a colorimetric assa i '
7 ay (7) with phenol-sulphuric acid
450 nin and 490 nm, the carbohydrate content of each isi:laiE

ed microalgal .polysaccharide was. estimated to-be between -

90%. : “Thi :
205&?5}'22) fegg:-i it;];—tl:;:r squorts the view that these com-
nds a1 inantly pol ysaccharides. Treatment of Im-
?;11‘1281;1 ?Ir:‘cjitérsi;?;lgna ‘ ?rehpa;ations ‘with either heat (Ll’l]g?c
, 1 - one of the following enzy ‘
37°Cior 1 hour): DNase 1, RN et
: r : . RNase A, trypsin, protei
pain-.and-a-chymotrypsin did not it B vl e
_ i alter their ECsy val
tnacrophage activation. The activi e o
fnencd by maodt of tile : ivity of Immurella was not in-
nced | 7 se epzymes, but it
50% with heat treatment anc T
& Wil lie nt and by 25% with proteinase K. Thi
Isrlr’:grgiﬁ :hii_t ::}tthgughtthe biological activity of Imniunoh?:ds :
51 ue to nucleic acid ar proteins, ir '
may contain either a protein contaminal g
i . taminant or.a peptide-
ponent to its structure that contri its sesivity. Coo.
_ nt to | thutes to its activi
massie blue based protein determinations indi S o
it it erminations indicate 2% protein
| gh: material was availabl
that elemental analysi B A an
hat elemental analysis was also performed and w;
contain the following elements: 49.1 0% o
folic 2 : 49.1% carbon, 40.8% ox
7.62% _hydrog_en_. 2.46% nitrogen and trace amoimts-of'sullttﬁ:n’

Clymsyl c‘ompbsitiun and i s R
syl composition. glycosyl linkage analysis 3
polysaccharide is summarized in Tables 1 and gDuiortoeigg

" high volatility of termi i deoxyhex
ugh void terminal residues, especially cyhexo!
L . . * 8 5
and pentoses, reported values for these components in Ieab!ie;

may be lower than the actual levels. Based on their glycosy!

739
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: hich contains arabi Planta Med 67 (2001)- 741
! . iwhts, alt is distinctly different from immurella which comets o5, -
composilions, glyg:osyl lmkagf?S and mﬂfgﬁ; wifgstsi:haalt _nose, galactose ;ndrrﬁamnose as the méjog EEI"E[E:‘IJIT;‘:;IHEI'S- Table 2 G[ycu?y! linkage analysis for isolated polysaccharides from Spiruling platensis (Immulina), Aphanizomenon flos-aquae (lmmunon) and
three microalgal poly‘:‘iaCChaf:_Seds I:;Zr(re'lstingly aﬁothree poly- - other polysaccharide, lsolatei ;f;%;?}a;)np safs o have tUmor Chlorefla pyrencidosa (lmmurella). Data obtained from one experiment
¢ been previously reported. b e Sy in U.S. Patent 4,831 :
havehno;;dbeiegnl;taih 'hrigyh levels .of both mgrthylgtredrcarrbr}hy,' 7 simd, l;?[(:l‘rltj;?tilng effects. However, 1o molecular weight or Immulina Polysaccharide Immunen Polysaccharide Immurella Palysaccharide
saccharid 4 deoxyhexoses (&.g. thamnose and fucose). gmwt 1 tion was reported (14). Glycosyt % total Glycosyl % total Clycosyl %-total
dr::e hrf;:a'(;ru:;pai:in theiry extractability with 70% ethano . glycosyl campOSIHOTLIE: © h tinkage area Linkage area - Linkage area
whic : ceharides Having a vir- : e i di olysacchar- ‘
to the complex nature of these polylsatc??at?d?irh‘?‘:‘r‘i’gfdﬁfﬁg_': " From Spirulina specles several d_lff‘ere.n tl W;:; ;’gt';vié. For ex- 3-Rha + T-CleA 25.8 2-Man + 3-Man 134 T tGalactose () 12.2
ety of glycosyl linic aies “ﬁfer tgc.ftage‘: g?’a'etn%gtenmﬁed . ideshave been isoel(:;ttedlthaﬁ :ﬁ(;‘l‘a’; 2:3 cli)fm spirulan exhibits 4-Galactose 7.8 4-Rha + T-Man 10.6 2Glucase 9.2
urations for each linkage have PSRRI Jple, the sulfated po ysac ) “4-Glueuronic acid 7.3 2-Rhamnose 7.6 6-Galactose 8.6
. : s : . 3ﬁt?\’ifa| properties and is compqSed of ﬁhﬁrhrla‘g;gsfé i:;))'. 4-Glucwronic acid 6.9 - T-Rhamnose 7.5 2,3~Rhan1nos(£) 8.4
Neither the chemical structures nor the id  3.0-methylthamnose (32.5%), 2,3-di-0-met g other sugars and 5.7 3-Rhamnose 6.9 F-Glucose 3.
ing activity of our microalgal polysaccharides 3-0-methylxylose (4.8%), trace amouns 8 B o - Mo 600 5.1 2-Glucose 5.3 T-Arabinose (7 5.5
ted in the scientific e g.;ppig;y{l;{{_?}'ﬂght of calciu i p("b'u've 10 mil- hamnose 4.9 2-Galactuse 4.8 ... 2-Arabingse (P . 54
pounds have however | 1t 100 times less than mmuwlina [aBoVe FHHET 48 2-fucose 47 . 3GCalactose. . 1
“jed in this paper. From sanc T ligh daltons). ] 4.3 34-fucose 4.3 2.3,6-Galactose 4.9
of polysacchariGES have beencharade“. ed 4), (15) (16) e ; ’ P : haride was iso- 4.2 4-Cliscgse 4.4 T-Man + 3-Rha + 4-Rha- 3.7
antiviral and immunostimulating activity (13). (14), {1 o In US. Patent 5,585,365 an antiviral polysaccharide e o 34 3-Xylose a4 2,3-Acabinase (f) 33
t. no such compounds have beenr;solat.e? from Ap 4 using hot water extraction from Spiruling species 4-Galacturonic Acid 2.4 4fuc + T-Gal 43 . T-Arabinose (p) 28
in contras - biological activity, . lated using fOL Wars =2 00 and 300,000 datlons (16). an + 3-Man 2.2 T-Xylose 32 6-Gal (f) 26
izomenon flos-aiqude shiowing any DIOI0EICE lecular weight between 250.0 i
o . - %?g polysaccharide is composed of rhamnose, glucose, fruc& 22 unidentified 27 3-Hexase (f) 24
From Chlorella species a number of polz: cha aRF  tose, ribose, galactose, xylose, mar;nzs:f]. ;g)ls'::&‘;;‘,’:;cdam‘:';:cl i‘]" :.i;‘;‘:n‘em ;g ;'s:r'“‘t:‘(’;)e : : ;3:
identified - that. POSSESS. biological: act : falaméﬁg:;’?g?m?ﬁftg f.l; Eiﬁgf:,ff tlfan g—,ig polysaccharide. 15 Z—Ara'blmse {0) 21 4-Glef2 a-Arafp)f2,5-Ara(f). 2.1
s Jar wel 1.4 a-Galactose 2.1 THylose (p) 0 - U8
: . _ 1.2 2.3,6-Galactose 2.1 4,6-Galactose 1.9
A glycosyl composition. for his ) f galactose “arabi- - Pharmaceutical development oflmmuhn.laf lrr_lmlilélgln?gitlg‘l_ o 3 Calactoss 14 aCatactose o
mostly thamnose, with minor amounts f’ 8 composition  murellaas immunostimulants may reveal  sighit 10 3 5-Ara(f}f3.4-Asa(p) 13 34-Galactose g
nose, giucose and glucuronic acid. This glyco e A i - - 0.8 . 2.6-Glucose 1.2 T-Galactose ()~ = 14
(e i B ] e imrmunon) and Chior +4,6-Glc 0.8 6-Mannase 06 3-pentose (f} - 3.
; y stion for Isolated polys fu frorn Spiruling platensis (Imml{lsna). Aphanizomenon flos-aq o 07 .3,4-Rhamnose 1
Table1 Glycosyl compasition for 715{37*_!, dlfjr.;i s sxpefirient i 0.6 2-Mannase + 3-Mannose - 1.1
Jla pyrencidosa (Immurella), Data obtained from One EXpELINER. . .. . 3-Arabinose (f) 1.0
¢ — o D T tmnurella Palysaccharide 2.6Glucose . - 05
elia Popacaide. oo Polacld Giycony Mole % , ——
) ‘Mole %o 5 o Rasidue -gir-cosyl an.ag:s ate ako 1-knked unles-s otfierwise specifled. Glycosyl abbrev@inn:s rapresent the !olcﬁng: “ban" for mannose, “Rha” for thamnase, "Gle™ for glucos_e, “Fuc” for
Clyco . . Ara” far arabinose, “Gal” for galactuse, "GleA” for glucuronic adid, T for terminal finkage, *f" for furanése, and *p" for pyranose. Presence of two or three glycosyl units indicates - -
Residue . Acabinase 16 on:of components during analysis. - L - .
Rhamaose e Galactose 26'2
Glucuroaic. acid - Rhameose ”'1?4 I : I U SR
Fucose - - G‘;“ﬁ‘?“e'-b-i . 30 immunotherapy. These polysaccharides have superior  tion and linkage analysis, performed. by the University. of "~ .
Galactose . L 3-Me-:nr;_1 nr::e o5 Iphage stimulatory activity compared with clinically ~ Georgia, Complex Carbohydrate Research Center, was sup-
ZMe-Rhamnose - i i;:";‘e 24 polysaccharide preparations. There are three major-fun-  ported in. part. by. the Department_of Energy-funded (DE-
Kylase _ aa oo A-Me-Arabiriose ‘347 saccharide immunostimulants in clinical use for ava- FGO9=93ER-20097} Center for Plant and Microbial Complex
3-Me-Rhamnase a2 NACetyl- il 23 . of human cancers : schizophyllan, lentinan and krestin  Carbohydrates. We are grateful to Cell Tech, Klamath Falls, OR,
B-Mexﬁ::;m 39 ~galactosa - hibbse e ese pharmaceuticals are used primarily in Japan either  for providing the Limulus amebocyte lysate assay results on
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