as-shown by the overlapping of LS and RI peaks
between 9.9 and 10.8 mL. This minor component acc-
ounts for 11% of fraction 1. Protein analysis of fraction
I indicated that 13% protein was present and the amino

acid composition of fraction [ is shown in Table 3. The -

absence of minor peaks in fraction J, obtained by addi-
tional anion exchange chromatography-of fraction I,
suggests that the minor high molecular weight fraction
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Figure 5. Light scattering and refractive index profiles from SEC-
MALS of fraction L. .

polydispersity value (M, /M,) was 2.7. Although origi-
nally precipitated from an agueous solution by addition
of three volumes of ethanol, in the final separation, frac-
tion: I.was soluble when five volumes of ethanol was
added to- an aqueous solution. However, fraction-H,
the precipitate. from 5 vol of ethanol; still appears to
contain about 50% of fraction-I, based on:its *C
NMR. spectrum, -In:view of the much greater acid labil-
ity of furanosides than pyranosides,” it seems likely that
fraction I 15 a fraction obtained -from:the: original poly-
mer by cleavage of some of the labilé backbone furano-
side linkages during isolation.

Additionally, fraction 1 contame& a reIatwely small

amount of a. high molecular:weight component (M,
value of 300 % 19 kDa) eluting at a volume of ~10.5mL

contained most of the amino acid content.

3.4, Biological activity

The results-of biological testing on thelater fractions are
shown in Figure 6. The aciivity of :_t_'racti;on E, as mea-
sured by it§ stimulation of NO syntheésis, increased in
the high' molecutar weight fraction El. Figure 6 shows
that the fraction precipitated by Cetavlon {F) had some
activity but more was present in the supernatant. All of
the latter activity was present in the fraction (H) precipi-
tated by ethanol and none was present in the superna-
tant, fraction I, that consists mainly of the unique
arabinogalactan, whose structure has been determined
here. This change may result from the lower molecular
weight of the polysaccharide in fraction 1.

3.5. General dnscnssmn

Arabmogalactans (AGs) are present in' the tissues and

- exudates of plants as free polysaccharides and as glyco-

proteins with a wide range of degree of glycosylation.***

Table 3. Amino acid composition of ffactio;x"l, =

~Aminodcid

L Gly = . Ser: - Thr- . :Val  Len
.. Yof fraction I U025 0025 025 025 - 025
%:of protein fraction 22 : 22 2.2 122 - 2.2

50 - O11.0ug/mL

E330uglm!.

40 I1DOngImL

. GiBasal

. ELPS(180ngmL)

Nitrite (UM}
8

04

Figure 6: Smnulatmn of NO synthws in RAW 264 7 cells cnl

‘d'with fractions derived from Cetavlon precipitation of frac-
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Z'hree types of arabinogalactans have been identified.*®
mplﬂa]l termed arabino-4-galactans, type I AGs and
rabino-3,6-galactans, type II AGs % Type I AGs
jave a linear B-p- -Galp-(1—4) backbone with single
LAraf units or 1—3, 1—5 linked L-arabinofuranosy!
Z’lsaccharlde side chains and in some cases p-Galp at-
: ‘at O-3. Other monosaccharides such as rham-
7 xylosc and uronic acids are often present but no
iksociation with protein has been reported for this
'ype I AGs contain frameworks of 3-, 6-, and
ed B-b-Galp residues that are substituted with
af and other sugars to varying extents, including
acids and other neutral monosaccha-

te in several aspects of the life cycle of plants
getative, reproductive and cell growth and
nt, molecular interactions and signalling,
ers.*®¥7 A third type contains arabinogalac-
ains attached to other polysaccharides.*®

re of the AG we have described here does
le. any of the types of AGs. previously re-
e literature, mainly originating from plants.
s-arabinogalactans have backbones consist
ose only, as far as we are aware. We suggest
ccharides with linear backbones containing
alactopyranosides and vL-arabinofurano-
ed type IV arabinogalactans. Polysaccha-
croalga have not been' the subjects of as
studies as those from plant's and it seems

studies are performed.

omodulating AG affecting the intestinal
 was isolated from Juzen-Taiho-To, Jap-
) medicine:*® As with Respondin™,
ysaccharide composition includes AGs
nt, in that case, an arabino-3,6-galactan.
a] system modulating AG, with the ara-
structure, was isolated by the same
ctyodoles lancea DC.* Although frac-

ophages (Fig. 6), it'is our percepuon
arger polysacchande plays a role in
mulatory -activity ‘of Respondin™.
the immunoactivity of Respondin™

ely that its lmmunostlmulato:y activity.
(similarly to- the polysaccharides
,aiho’-To) -at mtestmal im'munocyte

y of Respondm a propnetary
en mmunoadjuvant is”thought to
ﬁhandes present in 1t. Further res-

241 Type I AGs attached to protein (AGPs)
d considerable atterition and are‘thought'ta

timulate directly prohferatlon of B cells -
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Figure 2. Size exclusion chromatography of fraction E-on Sephadex '

. G-100. -

galactofuranosides® and confirmed. by the. chemical
shifts of the three signals for CH,OH groups at 62.0,
61.6 and 61.8 ppm.

The broadened anomeric

smglet at. 547 ppm

(Jy 2 < 3Hz) from the a-L-arabinofuranoside residue A -
correfated in the DQF COSY experiment with-the signal
at 441 ppm (H-2) that was in turn correlated in the
HSQC spectrum with a signal at 8%.6 ppm. The deshield- -

" of ‘methyl o-1-arabinofuranoside,’*

Table 2. '3C:NMR chemical shifts {ppm) of fraction I
Residue ClL C2 €3 C4 C5 C6
2)-o-L-Araj-(I— 1087 B89.6 759 845 616 —

“g-LsAraf(1— 109.1 820 774 849 620 —
34)-PpGalp-(1— 1028 71.i B80.5 749 756 618

aw >

A -showed-that. the -backbone of 1 has the —3)-p-p-
Galp(1=2)-o-L-Araf~(1— linear structure. Because resi-
due: A is only. substituted at one position, O-2 (sce
earlier), the.terminal.arabinofuranoside (residue B) must
be - connected: to the galactopyranoside unit. The ’C
NMR. chemical shifts of this terminal residue B were al-
most identical (0.4 ppm) to the corresponding signals
in agreement with
its assignment @s a-términal unit: Residue B was shown
to be attached to O-4 of the -p-Galp residue (unit C) by
an HMBC correlation between H-1of B (5.44 ppm) and
the signal at 74.9 ppm, assigned to C-4-of C. This value
is:-deshielded- by - 5.2 ppm -from the value for C-4in
methyl  p-p-galactopyranoside,’’  consistent  with

. _substitution.

Further confirmation of the linkage sequence was the
observation of correlations between the anomeric pro-

.ing of this C-2 signal requires that this interior arabino-
furanoside unit be substituted at O-2. The chemical shift
of C-3 in-this residue is 75.9 ppm; similar:to: the.vaiue
observed.for: C-3- of methyl c-arabinofuranoside; indi-
cating that Q-3 was unsinbstituted; and as noted above,
0-5:is unsubstituted.

The anomeric configuration for the » galactopyrano-
side unit, residue C, was assigned as B from the *Jy;
value (8 Hz) spectrum measured: from. the -signal-for

H-1 (4.68 ppm) and confirmed by the relatively sma!l__ _

Mewvalue (163 Hz)*? from: the
- at:102:8 ppm In the undecoup ed: pec -
yielded the Ve value, the C-1 signal appeared as a dd
pattérn also coupled by *Jcu of 7.5 Hz to H-2. This

observation is also reliable evidence for the §-configura- 7 g:; ,
;,tlon, JCH values for C-1 are 5.6 Hz for. ﬂ-D-glucopyra-

-nose® and 5.7 Hz for B—D-galactopyranose but are foo

“tons.and protons at the linked carbons in the NOESY

spectrum (Fig: 4) of fraction L Ga.lp H-1, -Araf (A)
Galp H-3 at 5.47 and 3.87 ppm, ,rcsmcﬁvely, and Araf
(B) H-1, Galp H-4 at 5.44 and 4.17 ppm, respectively.
Based on the above mentioned data, the structure of
the branched trisaccharide repeating unit of the arabmo—

“small to be observed for: a—pyra.uoses and also for.o:

- arabinofuranosides.>

The HMBC spectrum (F:g 3) was. used t

| ?}(4 m ppm) and between C-3 of residuc C (305ppm), :

: wnth the anomeric proton mgnal (5 47 ppm) of remduef’

Table 1, ‘HNMRchmmmlshms(ppm)offracuonI

H4. _H-S(aifb‘}' ,H-s(arﬁ)'

e S 3REBTE. 0 —
409 3BSBIS . —
' ' ' 3664

A b

L
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CC4 /B HL ¢
CC3 / A HL | .
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- AC2/CHL.
' e 0

¢ C1/AH2
0

B Cl /
' ®

H O
“ :&M
8
@
=]
C H4

- 60

L 65

-~ 80
- 85
- 90
I 95
100
-105

110

1 MHz 'H, **C BMBC spectrum of fraction I. Carrelations involving glycosidic linkages are annotated,
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ppm

K
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Tissue Culture Collection (Rockville, MD). Cells were
cultured in - Dulbecco’s Modified - Essential - Medium
(DMEM) supplemented with 10% heat-inactivated fetal
bovine serum (FBS), 1mM . pyruvic acid, 4mM

glutamine, and 1% pemc:llm—streptomycm (100 UfmL

each) at 37 °C in 5% C02 For. nitric_oxide measure-

of 2. 5 x 10° cells per well .in ,500 ms culture medgum
(without phenol red) and grown:overnight. to. 80-90%

confluence. Celis were then treated with various concen-

trations of the samples to be tested dissolved in-100 pL
of culture medium (final volume: 600.1:L).. Control.wells

(Basal) received 100 pL of' cuIture medlum alone LPS . .

_routinely run as a posrtwe control Expemnents were..
performed in duplicate or triplicate and, after 24 h treat--
ment, culture media from replicate wells. were .
pooled and assayed for nitrite conéentr'atlo:h' This .

Rmmger et al.*

oxide productlon was assessed by measuring 1 nitrite con-

centration- in 50 pL of cell culture medmm Samples'

were mcubated with 50 pI, of Griess reagent (1.0% sulfa-
nilamide, 0.1% N l-naphthyl)ethylenedxamme d:hydro-
chioride and 2.5% phosphoric acid) for 5 min at room
temperature and absorbance was measured at 550 nm.

Sodium nitrite dissolved in culture medium was used

as: the standard

3. Results audrrdiscus's'ion

; Fractxonatlon of CE and isolation. of an arabing-
- palactan.

tions: described. in the experimental (Fig. 1) yielded

2.6.2. Measurement of nitric oxnle productlon Nitnc'

E2 indicating, that the structures. of the polysaccharides
in.fraction E2 were not related to those in fraction EL
..Cetavlon precipitation of El yielded fraction F con-
taining: 58%: of the total mass of El that was stored
for further analysis. A neutral fraction (H, 27%) was

'recovered from the supernatant by adding 5vol of
-.95% ethanol. The supernatant from the latter yielded a

second -peutral - fraction, the . fraction -of interest (I,
20 mg, 7%). In the 3C NMR spectrum of fraction H,

- the signals attributed to fraction I had about the same
: 'mtensity as signals from ot_her sugars. In the anomeric
: region,; s:gnals appeared at 107.0 (tallest), 105.0, 104.2,
107.7 and 108.2 ppm (shortest) in addition to.the signals

attnbuted to fractmn L.

3.2. Determmatmn of the structure ef the arabmogalactan

. repeating unit -

7 Monosacchande composmon analyms by GLC—MS of ,

roteris at 547 and
labelled A and B,

The hot agueous extraction of CP cells under the condi- o

apprommately 15% of the total wet cell mass, the crude -

extract (CE). The addition of 1.5 vol of 95% ethanol to -
‘CE precipitated approximately 45%of the amount ex- -

ded no nomeric 31gnal from a second-

,tracted. The subsequent addition of another 1.5.vol of

: 9 6 ppmn suggested that there was

the: 'mgnals mentioned above the 'H

..... f fraction I contamed smaller signals

meric region at 5.52, 5.28 and 506ppm In

determine whether. these s:gnals were due. to

'sugars lmked covalenﬂy to the tnsac-,

, a neutral pelysacchande The mtensx- :

'ch reduoed in the 'H:
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Chiorella pyrenoidosa

Extraction at 80 °C, th
a) 1 LH0
b) 05 L H,O

Centrifugation

Crude extract

1.5 vol. (300 mL) _ a) Evaporation (in vacus)

C, DEPT and TOCSY expernnents that the galactose residue: have a pyranose ring form,

Ethanol
. b) Centrifugation
Precipitate A
(kepl) Supemaiant
1.5 vol. (300'mL)
Ethanol
Centrifugation
Precipitate B ' Supernatant
kept
l Decolorization Gkepd)
Fraction E
Fraction EI
10% CTAB soln,
Centrifegation
Precipitate F Supernatant
(kept)
5 vol. Ethanol
o Centrifugation
Precipitas @ Supernatant
(kept) o (Fraction

the process used to obtam fracuon L Part {: lsoIaLIon of E. Part 2: fractlonatwn of El

NMR: signals were assigned to the methyl -arabinopyranoside suggested that both arabi-

vocally (Tables 1 and 2) using nose residues are furanosides. This conclusion requires

NMR sighals in the region 63—~ confirmed by the absence.. ¢ n
Lof G5 for both anomers of - - 63. 0—645ppm characteristic of‘ : both- anomers” of
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Chlorella that contained 80% galactose.® Yalcin et al. re-
ported the isolation of another extracellular polysaccha-
ride from- Chiorélld sp.-containing glucuronic acid and
arabinose as major components {38.3% and32.5%,
respectively).” Recently, three different mono-O-methyl-
ated:sugars, 3-O-methyl-p-galactose and Z- and 3-0-
methyl-L-rhamnose, have been reported as minor com-
ponents in polysaccharide preparations from Chlorella
vulgaris K-22 by Ogawa et al.''® Partial hydrolysis

of an acidic polysaccharide from: this: species yielded
@-D-GlepA(1—3)-L-Rha'* and o-p-GlopA(1-=3)-0-L-

Rhap(1—2)-.-Rha' and this latier structure has been
confirmed by synthesis." In 2001, Pugh et al. reported

the isolation of a.polysaccharide from .C.. pyrenoidosa. ..
that contained both arabinese (31.6%) and: galactose -

(26.3%) plus traces of many other sugars. This polysac-

charide was a potent activator: of -human. monocyteJ st

phagocytes. i Uim e meln S

Polysaccharides -are also respons:ble for the tulk of
the immunostimulatory activity of Respondin™, a pro-
prietary immune builder that Ocean Nutrition Canada
Ltd has developed recently from extracts of C, pyrenazd—
osa cells."? Its stimulatory activity has-been proven.in a

human clinical trial'™® and some evidence as to. how the -

immunomodulation .is. induced: has: been prowded by
studies in mice."

Analyses of the immune response of sorme fractxons of
Respondin™ isolated by chromatography suggested that
a number of polysaccharides or polysaccharide-protein
complexes ‘are responsible for the immunoactivity.
We have now started a detailed study of these compo-
nents to better understand the immune response. Further

" tate B was ' decolourized by
"CHCL:—CH;0H mixtures (2 x 100 mL) for 30 min. De-

17,20

3829z for 20.min and the residual cells were re-extracted
with 1500 L of distilled water under identical condi-
tions.: After centrifugation both supernatants were com-
bined and: the volume 10-fold reduced in vacuo yiclding
the crude extract. (CE).

The crude extract (CE) was- fractionally precipitated
with ethanol. One and one-half volumes of 95% ethano}

~were added to CE and the suspension kept overnight at
4 °C. The sediment (A, 13.2'g) was centrifuged off and
-the supernatant ‘ re-precipitated - using-a 3:1 - ethanol-

water ratio (v/v). After centrifugation, the precipitate
(B) was stored for further purification and the superna-

* tant treated with more 95% ethanol (5:1:ratio) yielding a

precipitate. (C) .and a soluble frac_t;on {ID). The. precipi-
stirting = with. 2:1 (v/v)

colourized B was dissolved in water, dialyzed and freeze
dried-to yield fraction-E (1.4 g}

‘Fraction E ‘was farther fractionated by size exclusion
chromatography (SEC). The separation was performed
under: normal . pressure in-an. AKTA FPLC system
(Amersham: Pharmacia  Bioiech, Uppsala, Sweden),

~UV-monitor:: UPC-QOO, pump; P-920, control system:”

UNICORN. soﬁwarc version 3.0. usmg a HR 10/30 column

' M ‘sodium chloride, ﬁltered
'chromatographed in the

T was autdmatlcal!y' momtored by contmuously measur-

ing the optlcal dens:ty at 280 nm for protem detection

fractionation resulted in: isolation of several distinctive 113

_polysaccharides and here we repoit on isolation and. . n

complete structure ofa umque arabmogalactan

2 Experimental

2.1 Matenals :

Lyophilized -C. pyrenoidosa (CP) celis were: obtamedr'

‘from Taiwan Chlorella Manufacturers Ltd (Taipei, Tai-

might at 4°C and cenmfuged to

wan). Chemjcals (auaiytlcal 'gra'de): aﬁd:d’lélysns 'mcm-'

¢ -(F, 204 mg) and a supernatant (G).
1er was kept for further studies and the latter
pltated with: 5 vol of 95% ethanol. The precipitate

- (St. Louis; MO), u.ulws otherwme speclﬁed Aldltol ace-
tatc standards for GLC—MS ca:bohydratc anainm were:

:(H, %mg) lSOlatEd by oentnfugatlon was icept and the

= 22 Exiraction of C pyrenatdasa cells and isolatinn of the

polysacchande S e

_f;;d:stllled water and extracted for 1-h at: 8

'was' separated by centnﬁl i

C pyrenazdosa freeze-dned cells (200 g) were suspended

.3.. Sugar and protein analysis

jas liquid chromatography-mass spectrometry (GLC-
#1S) was carried out with a ThermoFinnigan Trace
%00 gas chromatograph coupled to a PolarisQ ion-trap
nass spectrometer (Finnigan, Austin, TX) in the electro-
mpact ionization (EI) mode with an ionization potential
f 70eV. The operating conditions were “as follows:
plumn. BPX-70 (30 mx 0.25mm internal diameter x
125 pm- film thickness); carrier gas, helium-at 1.5 mL/
pin constant flow; PTV injector temperature 250 °C;
YTV split ratio, 10:1; GC oven temperature profile:
mi at 190 °C, raised to 240 °C at 5 *C/min, hold for
°C/min to 260 °C and hold for 1:}4 min.
tion I (~I mg) was hydrolyzed with 1 M TFA
100°C, 1.5 h). The released monosaccharides
uced with 0.5M NaBH4 in 1M NH,0OH
and acetylated with 3 mL Ac,O after the excess
+ had been quenched by successive: washing
cOH in MeQH. The resulting products were
0 GLC-MS analysis.?>?

i zs:)zrg with authentm standards usmg GLC

acid (BCA) kit purchased from Pierce
) using the method of Smith et al.ZG'Ami-

_'ng buffer and then 50 pL of cach was
Beckman System 6300 Ammo acid Ana-

id processed using: the standard
rsion 3.5 software. Samples were

orded i using a Bruker 5 mm broad-
125.76 MHz with a spectral width

onton, Alberta, Canada. The procedure
the sample was wenghed dissolvedin6 M~

-5000 computer . workstatton, where
D,0. All proton decoupled °C.

64k"bomp1ex data points. Chemxcal'
, 2 6. Bmlogxcal actmty
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NMR spectrum was recorded at 500.13 MHz with a
spectral width of 5482 Hz and the data collected in
64k data points. The chemical shifts in ppm were refer-
enced to the residual HOD signal (4.79 ppm).?” The 2D
homonuclear chemical shift correlated spectroscopy
(COSY) spectra were recorded over a spectral width of
5482 Hz using data sets (¢ X&) of 256 x 2048 data
points using- gradient pulses for coherence selection.
The double quantum filtered 2D homonuclear chemical
shift correlated spectroscopy (DQF-COSY) spectra were
recorded over a spectral width of 1383 Hz using data
sets (¢; X t;) of 256 x 1024 data points and 16 scans using
a magnitude double-quantumn filtered COSY pulse se-

quence. The heteronuclear 2D "“C—'H chemical shift

correlations were measured’ via single ‘quantum coher-
ence (HSQC) with '*C-decoupling during acquisition
of the FID using the standard pulse sequence and spec-
tral widths of 32,679 Hz for ¢; and 5482 Hz for 1;. Data
sets of 256 % 2048 points were used and for each #; value
16 scans were acquired. An HSQC experiment without
B3C-decoupling was acqmred for the determination of
the *C-'H coupling (/¢ 1) values, with the digital reso-
lution in F; increased to 1.25 Hz/point. The 2D hetero-
nuclear multiple bond-correlated (HMBC) expeﬂment
was carried out using the standard pulse sequence with
a 62.5ms delay for the evolution of the long-range
couplings. For inter residue correlations, a two dimen-

~ sional nuclear Overhauser enhancement spectroscopy
(NOESY) experiment was performed in the phase-sensi-
" tive manner with a mixing time of 300 ms. Total corte-

ldtion spectroscopy  (TOCSY) 2D-spectra  were
tet;orded with a spin-lock time of 80 ms.

2.5. ‘Homogeneity and molecular wexght determmatmn of .

frachon I

Homogeneity and molecular weight determination of

fraction I were accomplished by SEC coupled to refrac- -

tive index (RI) and multi-angle light-scattering (MALS)
detectors.®®# Fraction I was dissolved in 83 mM

‘sodium - aoctatc buffer, pH 4.5 at a concentration of

4.17 mg/mL and chromatographed in the same mobile-
phase at 0.6 mL/min, The chromatography system con-

sisted of a HPLC pump (Model HP 1100 iso-pump), an . _

injection valve (Model HP 1100 ALS) fitted with a

100 pL. loop and a column system comprising G3000 N
, columns (both

PWx1 and G2500 PWxI
7.8 X 300 mm) connected in series. The eluent was mon-
itored through an OptiLab DSP interferometric refrac-
tometer and then into a DAWN -DSP MALS
photometer placed at angles between 60° and l32° '
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An arabinogalactan was isolated from a hot water extract of freeze-dried cells of the green microalga, Chlorella pyrenoid-

i water extract is a proprietary immunomodulator, with the trademark Respondin™ (ONG-107): The arabinogalactan
d from the ethanol-soluble fraction of the supernatant resuiting from a process that involved controlled ethanol pre-
wed by size exclusion chromatography on Sephadex G-100, then Cetavion precipitation. Sugar analyses, GC-MS
octyl glycosides, and 1D and 2D NMR experiments established unambiguously that the repeating unit was —2)-
Ho-L-Araf-(1—4)]-8-p-Galp-(1—. This structure does not fit into any. of the known classes of arabinogalactans.
timents gave a molecular mass for the arabinogalactan isolated as 47 % 4 kDa but the original structure was prob-

gﬁ@z pyrenvidosa; Immunomodulators; NMR spectroscopy; Polysaccharide structure determination; Arabinogalactaris

| .1. introduéﬁon .

f-the prime targets of the algae industry
green alga found in both fresh and mar-
ypularity in the Far East has been based
L more recently, on scientific evidence
ealth benefits,! There is considerable

“them of polysaccharide nature® !

ng. In most cases, only monosaccha-
has been reported. . :

Tel.: +1 902494 2041; fax: +1 902 494 1310;

rella cells contain immunostimulatory

dies of the structures. of these polysac- -

information about:polysé;qchaﬁdés
reported by White: and Barber in

1972.3 An acidic polysaccharide was isclated from Chlo-
- rella pyrenoidosa containing mostly rhamnose (52%)

with both arabinose and galactose in about equal
amounts (12% and 13%, respectively). One reticuloendo-
thelial system activating polysaccharide has been iso-
lated from . Chiorella ellipsoidea and two others were
isolated from C. pyrenoidosa that all contained glucose
as the major component.*!" The first of these contained

“both arabinose and galactose in minor quantities® while

the latter two contained fucose or rhamnose with lesser
amounts of galactose and other sugars but not arabi- -

nose.!! Two neutral glycans were isolated from a.

Chlorella extract, an -a-p-glucan and an o-p-arabino-
o-L-rhamno-o-D-galactan.” Matsubayashi reported a
high-viscosity hetero-polysaccharide from Chlorella sp.






