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applies. In theory, some aceount should be taken of T; variation
in weighting signals from different molecular weight polymers.
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Chart 2. Flowchart Describing the Process to Obtain Fraction X
Starting from Fraction £1, the Sephadex G-100 Excluded Fraciion?
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ovcr]ap-ping in the ring region (Figure §). The inaccurate
separation of signals differing by diffusion coefficient values
c!o;er than 30% (28% in thig case} is due to difTicultics in fitting
a biexponential curve with 2 nonlincar least-squares rcgrcssionl

However, Heatley has shown that T, is molar-mass independent
for polymers in the semidilute regime® - 0% CTAD ot
_.__i:_.-‘ X
‘ . . alm 2f
= Z[of e(_wn . o) . Ccntnfugauon‘ ! ll L 104 gorithm. A
- 7 SW‘ st G | Precipitate F i 1 M Tl;t‘- dependence of 12 versus concentration (Figure 7, bottom)
i (kept) i | 1 _10.2 was linear and with a negative slope as ex ccl::d 4243
g - . C - : ;i . : $ ted. > The D
Considering 2 continuous distribution of molecular weights and, Asion Exchangs Chromatogiaphy values obtained by extrapolation of the indivli)dual curves to zcrcl;
therefore, a distribution gf seif-diffusion coefficients (DSDC), Noa-tourd (5) Bodhd (1} - -10.0 concentration 5.40 and 7.00 x 10~ m? 5! were snSstinuc "
e 3 can be rewritlen as i . . Gize cxclusion chromatography on Sephaceyl 5-30¢ in eq 1, and the resulting weight average molccular weight
d . - 2.8 L values were 27.1 and 13.9 kDa fi R =
- =k Fraction U Fraction V 0 i 2 g for the arabinogaldctan and the
= J: P ol N ap e o) (excluded) 5 0 galactofuranan, respectively.
: EtOH 4 vol. - 56 —
: " —_— o The weight o > s A
e . N 4°C, 16h g ght average molecul
where P(D) represents the SDC distribulion function. Assuipg. | Bty e ko evahated by SECIMALS wsingthe cumintee weigh
a normalized Gaussian distribution 28 ‘the - fupétional:form of ¢ - 3. " _ - ¢ the cumulative weight
PD), the moments of PD), Dy and o, the: self-diffosion ' ' fraction (CWF) versus molar mass representation, since the
\ t?t:icicit n:uthee:cnlcr of the DSDC (or sz:i hi—::mgled self- ipitate W Sopepratent - 92 normal RI plat showed one overlapping peak. The curve in the
cociliciont at “1% X Clpntaveesy : £10H 10 vol. former. graph :coptained two regions with distinet 3
diffusion coefficient) and the half-width of the DSDC (standard Ot 0 Yol . L a0 consisint with th | 2 ith distinet slopes,
deviation -of ‘the “distribution), respectively, were ‘obtaincd:by ;)) écfl;i}fg:im 1o . above (51 wi o e pr&_,ence of two components as cstablished
fitting the experimental signal decay to.cq 4 using # nonlincar - 1 s ove (Figure 9). TPc first component, representing 28%:of the
least-squares fitting procedurc i Precipitate X Supernatant \ I ' lm:;tu;e (0-07_—0.33 on-the CWTF axis) had a weight average
Figure 6, set A, shows that fitting the experimental signal ‘ | e molecular weight centered at 18.5 kDa and corresponds 10 the
. galacmﬁ‘m The ?f"?o?‘drcompﬂl}?m (arabinogalactan) rep-
resents 48% of the: mixture (0.52=0.9 on the CWF axis), and

decay for the anomeric signal af 5.32 ppm gave the sane fesult : L. . __

for tirlc weight average :io[ccﬁﬁr wg?ght%?vhcﬂz or the math- centered at ~12 mL.7it mhcrentl;{ includes co?ttnbutmn;s fro;; es o A - .

ematical expression used oonsidercdﬂi@;"gﬁlmwan to bcw i ﬂ.ff"medics Ofi; the ﬁ one Oi wt;‘wh :;; p?g:;gﬂ‘;::r‘zggm ppr the averagc‘ molecular weight is centered at 29.0 kDa. These

monodisperse or allowed a DSDC. This chservation confirmed with that of a small amount of.a HIEAST TS re 8. 5001 \ results arc in ‘excellent agrecient with those from the DOSY
! i component that was prescnl, Reevaluation of the SEC-MA o MHz H DOSY spectra of fraction X recorded at experiments and further validates the tiom adv s

data for the original arbinogalactan (fraction [} using the CMF mgfmlL. _ of al B equation advocated by Viel

the low polydispersity present in the galactofiiranan-sample.In

both cases, excellent agreement with the experimental data was
As outlined above; two fiactionation prﬁtocols on"different

et C). The weight average molecular weight
t:’fas Obtai_m"d from the [, and & values O%Z.g;;jg l:.totllﬂj b-atches oo 5 yrenaidosa, thas cibet iﬁﬁil;ded e i
1, respectively, of the DSDC fiting procedure, _ tion {G) or did not, both yiclded at least two arabinogalacians
n the other hand, the *C NMR spectram of fraction V T L1s ype Qosorlved previously iffering in their molorular
!{::yed the scts of signals for either the arabinogalactan or pefgbts (2.1 and 188 kD without ethanol precipiaton and
g_ala‘ctoﬁxfanan plus a mimber of minor signals (12) in the 29, 30,1, and 1020 kDa with ethanol prcipitation). For bath
sc rogion that arise from ofher polysaceharidic compo- protocols, only a single galactofuranan with a molecular weight
En}cuc{n V.was purified by dissolving it in 2 mL of watot ?f ~15.6 kDa was obtained. The fact that the protocol that
ating it with 95% ecthanol. At an ethanol/water ratio of + Included the extra step, ethanol précipitation of fraction G
ction W (252 mg afier dialysis and freezodrying) yicided an smbinogalactan with a larger molecular weighr.valué
. '.A_t_an ethanolfwater ratio of 10:1, fraction X (211 (lO?Oz-kDa)' sugpests that this step is not.the cause of any
dmlysns and freeze-drying) precipitated. Fraction W possibléidegradation of & lnzger arabinogalactan. =~
t, while fraction X was characterized further, .
ts 3C NMR spectrum (not shown), fraction X
ed only the major polysaccharides of fraction V' (ara- "

i P aritiac 1o g e lar muss representation (nol shown) showed that 60%
achieved. The similarities in the D values, 7.26 x 10 W m? VeIsus mo AL mass, ep -
s-1) for the TL/T2 fitting routine an:'l 72.05 x' 1071 (mZs~1) for of thé SEC peak had a weight average molecular weight centered
the DSDC distribution also Oonﬁnn thCagrcemcn( between flts B.t 29 kDa, mpm!?‘:ntmg the center of the pcak at F1.9—-12.}
The o value of 1.3 % 10711 (m® 5~} can be used to determine mL. I s
of the self-diffusion coefficients range as Dy £ U, which leads ‘The results shown above mduiatz that, .!fy using 9f:50 ;: rmci
1o the weight average molecular weight range of (15.3.£ 2.9) - Ta;g Egm;ozl descn;véi mlmmfﬁzr‘wm:gs ﬁl {cm{siifig
kDa using eq | and the Viel gronp values. of the scating - = a) of an arapinogaiaciar with a repg n 5
pammetcr%, Kada® e e of ~2)-ck-Araf(1—3)-fo--Araf(1—4)]-5-D-Calp-(1— * can
- The weight average molecular weight of be isolated from the Chiorella pyrenoidosa extract. In fact, the
of fractions L and P.were also evaluat observation of an arsbinogalactan with molecular weight value
: hat the original

experiments weére rocorded 2 " 6f 1020 kDa is consistent with our hypothesis? ¢
mL)y® (Figure 5 left and cester), and the. atal signal™

gdecay. for the anomeric signal at 5.46 ppm was fitied-to- eq: 2~
(TUT2 Xwinnmr fitting routine) and eq 4, the latier considering
a normalized-Gaussian-fuiction 1o describe: the shiape of the
hypothetical DSDC. For the arabinogal i of fraction B the

- structure was Jarger than 47 kDa. ; Toec o e S
Another fractionation of a different batch of freeze-dried C.
pirenvidosa cells was performied exactly as before except thiat
ethanol precipitation of fraction G was pot done (sec Chart 2},
Instead, fraction G (535.0 mg) was fractionated further by -anion
exchange chromatography on Q-Sepharose Fast Flow under the
conditions previously described to yield 2 neutral (S, 127.1 mg}
“and an acidic fraction (T, 295.3 mg) after dialysis and frocze-
_ drying. ‘Size exclusion of fraction S on -Sephacryl $-300
(conditions as described; chromatogram 0ot shown) viclkded two
fractions, U (22.3 mg), that was excluded, and V (66.4, mg),
that was inchuded. . . . (R S
- Ths 13C NMR spectrum of fraction U (not shown) contained - -
- the set of signals associated to the arabinogalactan? pius other.
 polysaocharidic componeats prosent in minor quantities (ano-
- ‘meric signals at 108.1, 105.1, and 54.6 ppm).: For this ara-
" binogalactan, fhe éxperimental signal decay for the anomeric.
signal at 5.46 ppm obtained froma DOSY. expetimecnt recorded
le, - at 143 mg/mL shows a noticeable deviation from the lingar
““behavior associated with a monodisperse system. This observa-:
* tion suggests a large. polydispersity for this -version of the
" grabiniogalactan, A normslized Gaussian distribution coiild be
“used 1o describe the DSDC of this arabinogalactan, as judged
eoment between the experimental data anid the signal
ios prodicted ising the DSDC fitting procedure (Figure:

) It appieacy that the arabinogalactan is present in C. pyrerividosa
in 1& dimmbcr of different molecular weight forms. The low
C polydispersity of 1be ~28 and 50 kDa i
o i £ (@ VErsions
ac ‘;;gﬁj:itﬁctomrz:ﬁ)éjﬁ;r intensities of the signals- more:-disperse larger molecular weight po!yn:er: L;grgc;:):;:::t
1 > 7 e three sugar residues of the- -+ thesi 1 i :
&m‘alic:lz:n o5, lcarbo, 00T e e e o thz m;:slzed by MS@bly of variable numbérs of these preassenibled
of the anomeric signal of the galactofuranan (1070~ R o The
ilar rato of mtonsitics s obeorved the"ﬁ( Bivlogical Activity. The results of the bioactivity testing are
7 ¢ asomeric protons of 1 NMR . showa in Figure 10. As we described previously,” fraction H
f both polysaccharides, indicating a 2:1 molar ratio fte Dulk of the immunostimulatory activitysif the
. ol sépktndtint G, measured from its stimulation of NO synthesis.
None-of the bioactivity of fraction H was:present in:either the
galactofuranan oz in. the 50 or 28 kDa' arabinogalactans.
N cheve_:r, fPr the latter type of polymer, an increase-in: NO
. pmduct.lon is observed for the larger versions (188 and 1020
kDa; Flgurc. 10), which indicates that the bioactivity of this - - :
polysaccharide is correlated with its size. . : i
 Publications linking biological sefivity and moleclar size
of the branched 1;3-glicans, scleroglucan, lentinan, and schizo-
phyllan, ha've eraphasized the importance of rigid conformations
such as triple helices!1> for activify. The afabinogalactans
‘described here, with both arabinosidey present, as furanos
- residues, sesm unlikely cgudidates'fc'i adopt i

experimental plots are linear and
similaz Tesults; in excellent agres
data (Figure 6, set B). This suggests a
this version of the arabinogalactan. The D, 5 0f3.94..
x 107! and .51 x 10~ (m?s~?), respectively, obtained from
the DSDC fitting procedure were employed as de
‘to'estimate the weight average molocutar we
3 6.6 kDa. For the arabinogalactan of fraction L (Figy
D), the experimental plots were not linear, implyi
perse sample. The DSDC fitting procedutt gave D,
of 1.6 % 10~ and 1.04 x 10=1 (m? 57), respectivel
vahics wore emnployed as described above o cstimate th
. average molecular woight range 1020 & 370 kD Th
" oleular weight rango is consistent with a polydispers sat
© - The weight average molecular weight of 47 kDa repo
us? from SEC-MALS measurements for the arabi Aot
- jsolated previously in fraction I falls into the molec
 range estimated for the arabinogalactan of fraction
a5 the 47 kDavalué was caloulated on the basis
.of light scattéred over the ‘while -

ecular weight estimation of the individual polysac-
f fraction X was accomplished i describod above
leoular weight estimation of the galactofuranan of
For the polysaccharides mixture of fraction X, the
ignals from both spin systenis were well-isolated in- .
on dimension of the DOSY spectmm'(Figﬁrc 8), -
wed the utilization of the TV/T2 Xwinnmr fitting
estimate the-D values accurately, assuming a narrow. . -
ihirtion for both polymers. However, only two out of
five signals for the galactose residue of the
t 4.18 (H-2) dnd 4.27 (H-3) were separated at
cient value of 5.78 % 1071 t? 51 duto to signal -
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HOD
N s
-4.12 ¢ .
414 / I
416 Ho G2 .
418
- 4.20
100
F4.22
L 24 . H1,CA o
zs / : s
-4.26 ~
528 [} o
420 : br——T ¥t 1 1 1 "o
535 530 ppm s4 52 50 48 45 4442 ppm

- - : 1 PEd . I -
'H 1H DQF' 'COSY 5 UM, G the IIQ‘ 1t the H 2c HSQC Spﬂctl!.ﬂll
Flgum 3. Orlionsofspedm of f R 1z

The relevant comrelations are annotated. MJ—\'

H1, 0200

42

- S4 . 53 ppm
H‘ ‘F’C HMBC spectrum; on the right, t_he H, HN

s 53 82 wm OESY spectrum. The
Figure 4. Portions of 500.1 MHz specira of fraction R:—onﬂfe]egme‘ SY spe

relevant correlations are annotated. .o 7
Table 1. NMR Chemical Shifts of the Galactofuranan (¢
pudous HIC-1  HIG2" HWIC3 HIGA HICS

W 1070 836 764 829 711 634
wg 532 448 427 4026 389

iffusion coeffici This nship
: $ b vailid only at sufficiently ’;ow;concentrai:ons (up toUii;tt i
o) fhat the molecules diffuse independently of each other. Ut

" (SDC) at infinite ditution (D

hanillis rhano v trapolation of 2 9. ightly branched
tiyo straing of Lactobacillus rhamnosus by Lipiiskietat?and - “saccharidic systems consisting of linear und shighitly branc]
Vanhaverbeke ‘ef al,3% respectively. Thercmamdcroafb:;e
assignments are given in Table 1. The cvidence shown above -

sudicates that the e totoet o fraction R has the = -0.49) were determined by Viel et noL
indicates that tho -gawfﬁlmnm 150[,3'@ m L aenred selfidiffusion coefficients against known Eoﬁﬁr
following repeating vni R " weights: of pullulan fractions with narrow molecul b e
. 7 —2)-B-0-Galf- (i~ " gistribusions.?® The. self-diffusion cocfficicnts. were 0 tained

B UL T e e s DOSY spectroscopy2Y T e
oyt bt folecu ht Distribution. - 96 : ST vides the information re-
Molecular Weight and Molecular Weight Distrion™ of . - . A typical DOSY experiment provices N the
The weight avera g;'untc;ldewl?{ wth%fh‘ °fﬁ!9rf““‘°w :;ﬁ;’"’" " ¥ quired to obtain the D values, based on the attemation of
-7 fraction R was estimated using th scaling B

itiides, Thus, the: 'I—_l,—demcted_DQSY'_spcctra of & f;e_’cz'c:fE

of fraction R af concentrations of 1.43.(Figure 5, right

wheto K ad 6 are the scaling pataméters and D is the s

et 202842~ This relationship has been shown. . :

o ditions, D is reforred to as the selEdiffusion cocfficient. -
theso conditions, D Is ref ), B85 which i usually -

- ibtained by extrapolation of D 10 zero concentration, For. -
" ator-soluble uacharged oligo- and polysaccharides, the mag: .

' ' = “ms !, mda
* pitade; sealing parameters (K= 8.2 x 107" ms™, and.o:
Bt oy were deiom by Viel et al, by calibration of -

- signal intensity at incremented pulscd—ﬁ_eld gradient (FFG):
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B DL NP e

LogD

BT L TR

105 - -100
1o - 9.5
- 8.5
H0 -85
H0 B0

\ - 88 \ L \ | ,.M

’ b s i R BT P SR
T T T 1 40 L] Vl T T T ] LA
50 45 40 ppm 50 45 40 ppm 50 45 40 ppm

are 5. 500.1 MHz 'H-DOS

7.5 4

D D =-0.4192 ¢ {mg/miL) ‘+ 7.1301
1wy 71 RY=0.9932
65
G 4
B 55
5 . . . . ;
0 2 1 6 8 10
: . . . © (mgimL} '
BOE+10 1.9E#11 1.6E+11 ZOE+#1 288411 )
- ] x ] 5 x10™ 8 D (Galf) % 00817 ¢ {mygfml) + T.0142
lots of In | versus k shawing the fils to experimental data :‘1 a7 '{ RE = 0.5751
two fitlihg procedures described I the text A, fraction R, {me")

an; 8, fraction P, an arabinogalactam; G; fraction U, dn
!actap; D, fraction L, an arablnogalactan:

/

quisition: for the anomeric signal at 5.32 ppm’ was _
D {AG) = 01151 ¢ {mg/mL)’s 64015

]
-]
‘ .
g the Xvinumr TUT2 fitting routine to‘obtain- . 3. -
FE R T L I L ) ) 2
1
0

, tiore accurately.: o : Rfeps65: - -
ved intensity, a fimction of the PFG amplitude, was
ocxponential decay (one component with single
;les) defined by the modified: Stejskal—~Tanner o2 4 8 t w0 17 % 1
, ' ' e ¢ fmglent) '

_ e ey R Figure 7. Coricenbration dependencs of the self-diffision coeffictents
I=le : @ of top, fraction R; bottom, the polysaccharides of fraction X (a =

: : e : galactofuranan, O = arabinogalactan).
initial intensity, £ is g%p?0% (A — 6/3), g and & : R
pulse amplitude and duration, respeciively, while
gyric ratio and A is the time between the leading
idient pulses, e R

, shows the agréement between the ciperi-

the signal intensities valves predicted by the
fitting routine used to describe the attenuation
gnalat 5.32 ppm (2= 1.43 mg/mL}). A slight
arity occuss only at greater attenuations, o - - kDa: o : : :
was also repotfed by Héakansson et al,? who | To obtain the molecular weight dispersion for the galacto--
it but noticeable crirvature in'the In 7 versus &
“polymer with M, 5f 1000 k¥Da and 'a
of 1.05. These results are consistent with
ty index for the galactofuranan. =

dependence is linear along the concentration range in the study,
and as expected, the D values decrease as the concentration
' concentration using a least-sqnares linear regression yielded a
Dy value of 7.13'x 1071 (m® s™1). Using eq T with the scaling
parameters teported by the Viel group,?® fhe weight aversge

- Hekansson et al® -was employed, The polymer system is
“considered polydisperse, which implics that eq 2 is no longer

Suarez et al.

Y spectra of the following: left, fraclian L; center, fraction P; and right, fraction R; all at a cuncentmﬁcm of 143

inereases.“>*%5"Extrapolation of the individual curves to. zero =

molecular weight for the galactofuranan was estimated as 15.3 -

furanan, a mathematic formalism similar to that reported by -




Immunostimutatory Polysaccharides from C. pyrengidosa

Chart 1. Flowchart Describing the Progess to Obtain Fraction R
Starting from Fraction £1, the Sephadex G-100. Excluded Fraction?

1 Fraction £ 1- l

1% CTAB solo:

Pmcgpita(c F
(kept)

Supu'nﬂl';(i

EtOH 5 vol. l
;Qumm{fmgulm) ; : : L
= | Asian Exémg@ﬂsoma@gmphy

Nonr-bound (1) BmmS(K)

Fraction N

{ Discolve in 1.5 mL
of water

M) 4°C 160
b)gqn-iﬂgzﬁon

Precipitae ¢

on molecular weight dispersion of natutal polysaccharides and
its significance for biological activity.

in this publication, we measurc meleciilar- weights of the
arabinogalactins - by -hoth - size ‘exclusion  chromatography-—
‘multiangle light scattering {SEC-MALS).and by DOSY experi-
ments, extending the relationship between diffusion cocfiicients
and molecular weights to.different types of neutral polysaccha-
tides, DOSY experiments were also uscd t0 determine molecular
weight dispersions of the new pol accharide and the various

.  report ane

Experi:ﬁehtali Sé(;tibn

Extraction of Chlordlla pyrenoidosa. Cells and Ysalation of

Fractions. Lyophilized Chlorella pyrenaidosa cells were obitained from : -

“Taigan Chlorella Manufacturers- Led.’ GFeipel, Taiwan). Chemicals
(analytical-rade) and diatysis mésibrancs with. weight cutoff

" of 12 KDa were purcliased fron Sigma Aldrich Chenical Co. (St. Louis,

MO), unless specificd otherwise. Alditol aceits standards for GLC-

. M5 carbohydrate analyses wore obtained from Supcloo, Inc. (St. Louis, -
 M0), Chromatography columns, media, and supplies were purchased -

from Amersham Biosciences (PQ; Canada). BE

" Chlorella pyrenoidosa (CF) froczs-dried ool (200.6) %
as described elsewher (o prodice a orude exttact (CE).

. exiract was soquentially precipitated with 1.5 vol, then
- vol.of 93% cthano! yielding tiree_procipitates (A, B,
proviously described? Size exchusion chiromatography

" feactionted further by teeatment with elykuimethylamenoaius bromids
. (CTABY to yield a precipitate () that wes kept and 3 supecnatany @2

" Th Fatter Sipetitataiit (G) was treated with 5 vol of 95%

“1) o yield a supernatant ([) that was found to consist fiipty-ofatl

Size exclusion Chromatography on Septrcry! 5300 L )
R ..matogi‘apbgd-injthc:same_mobile-

-, - potformed as outlined previously. : . .
-+ by-stimulation .of macrophage activity. to NO: synthesis as deseribed
NMR spectra. were recorded as-deseribed. -

--proviously.? 1D and 2D

on Sephadex - Ace
. G100 of decolorized B yielded two Hcluded fractions (B2 and E3) - the integration and curve-fitting routine supplied with the Xiwinune:
. and an .excluded fraction (El) that retained the bulk of the immutio-

stimulant: activity originally prosedt. in fractiof B2 Fractiow El:was -~
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arabinogalactan with a unigue structure and 2 precipitate (H) thal was

kept.? .

In this publication, - fraction H .was fractionated further by anion
exchange chromatography on 8 Q-Sephatase Fast Flow column. (XK
16/40; 70 mL: bed volume). The sample was dissolved in 5 mL ef0.02%
azide solotion. loaded onto the cobumn, and washed
ame salution at 0.6 mlimin flow mte
ts (fraction § afier dialysis and frecze-
were eluted with eight bed volumes
1d fraction K afies

aqueous-sodium
with eight bed volumes of the s
to elute the jionboind compoasn
drying). The bound comparnients
of a2 M NaCl soliition at the same flow rate 10 yie
dialysis and frceze-drymg (Chart. 1}. :
acuiral components (Fy was scparated
graphy ona Sephacryl 5-300 column
(X 16770, 140 miL bed volume). The sample was dissolved in 0.2 M.
NaCl aqucous sofution, passed through a .45 gm flter, and chro-
phase at-0.5 mL/min flow rate with
colection of 1.6 ml. fractions. The carbolvdeate clution profile was
built up using optical density measurcments at 490 nm obtained from
the implemietitation of the phichol—sulfuric acid methed™ to 40 gL
aliguots 1aken from-the collesiing tubes at every. third tube. The

The fraction. containing the
using size exclusion chromato,

. separation yiclded thice fructions. L (kept) that iwas excluded, and M

and N dint were both included. Fractions M and N were separated

 fther. The residue from conoentration of fraction M was dissolved

in'1.5 mL of distilled water {Chart 1) and treated with enough 95%
ethanol to observe cloudiness (3.5 vol). The precipitate fecoveted by
centrifugation was dialyzed and freezc-dried to yield fraction O, whereas
the supernatant was evapstated (ethanol romoval) to yield fraction P
after dialysis and. frecze-drying. . : B

Fraction N was subjecied to:a similar ficocedure. The residue from
concentration-of fraction N-was dissolved in 15 mL of distilled water
and treated with enough 95%: cthanol-to ohserve cloudiness (2.7
volumes). The precipitate (fraction Q) recovered by centrifugation was
dialyzid and frecze-dried, while the supematant was treated with enough
05% cthanol to cause cloudiniess (8 vol). The suspobsion was kept
avernight at 4 °C aa centrifuged to recover the precipitate that yielded
the Fraction of interest (R} after dialysis and. freeze-drying {(Chart 1),

“Sagar Analyses, Nucdlear Maguetic Resonance (NMR) Spectro-
scopy, and Biological Activity, Sugar analyses:and assigoficnt: of

 configuration to galactoss from the galactofuranan in-fraction R were
? fnmunostimulation was measured

previously2 The chemical shifts are expressed it parts per million (ppm)
relative to the methyl signal of internal scetone (30.89 ppm) aud to
o rosidual HOD signal (4.79 ppm) for VC and 'H, respectively™
.. DOSY spectra were acquired using & stimulated-echo_sequence
incotporating bipolar geadicats with a longitudinal eddy cumeat delay
" (Bruker stebpgls: pulse sequenice). The strength of the lincar pulse
‘grudient was incremen
-siep) from 5% up t0 95% of the maxinum gradient amplitude (535G

esir-t); The diffusion delay (A) was held constant &t 0.2 5, and the
gradient pulse duration {8) was optimized far.cach experiment in ogder -
to achieve a 93% decrease in the resonance infeusity at-the largest: .

gradicat strength. Gradicat pulse duration sanged between 7.0 and 119
ms. Afler processing and automatic Zera-oeder baseline correction of

" the 1D ' spectra (F2 dimension), the diffusion dimension (F1) inthe
- '2D-DOSY spectra was processed using 2 two-pardmeler MONCKpO:.
" nential fit supplied in the Xwinnimy software package {version 3.5).

. Acourate calculation of diffision coefficients wis either perfotmed using

softvrare package o using th formalism outlined® using & Gaussian

- cuirves for the distribution of self.diffusion coeficients (DSDC). Careful -
.. monitoriag of temperature is recessary for obtaining accurate diffusion
- coefficients, and thus, the airflow rabs, heater power, aod inlet air -
fetature werc optimized 1o achicve 4 stabloe temperatire of 300 £

ted iti 64 steps (8 seans for euch Tinear gradiont -
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Fraction ¥

‘Figure1. S
:?500. lze exclusion chromatography of fraction J on Sephacryl

Results and Discussion

: xt'ractwn of Chiorella pyrenaida&h Ceils and Isolation of
taction R. We previously reported that fractionation of a hot
T t:lxlract of Ch[ar.«::!!a pyrenoidesa by a process involving
iy ;:dzfaémll (;)rccrpitmion, gize exclusion chromatography
 phade oft-h' 0, followed by pl:ecipilation with 5 volof
o of ¢ supernatant rf:su[tmg from CTAB treatment
”1,71;1 he :s«?latron of 4 unique arabinogalactan from the
= uble fractlon {1).2 Nonce of the biological activity of the
nal fraction E1 (excluded on Sephadex G-100) was present
after supcrnatant, but the precipitate (fraction H) was

& current work, the first step in the isolatio
e pum_m} of fraction H was based on the ?pa:aggnﬂ;;
qnd acidic components by ation exchange chromatog-
& Q-Sephazose Fast Flow column (Chart 1) Neutral
ents were eluted with aqueous sodium azide to produce
{36.5 n_]g), u.rhetcas the “acidic’ comporents were
by washing with a 2 M NaCl solution 1o produce
K (50.0 mg). Fraction J was scparated according o
2 Sephacryl 8-300 column (Figure 1), resulting in ﬂfxee
Oex:!ebﬁacnc:n cluted-in the void volume (L, 11.2 mg),
et 4i the 'H NMR spectrum (three anomeric protons
8" ppm (2H, broadened singlets) and 4.68 ppm
Hz); not shown), was composed of an arabinoga-
same repeating unit as’previously deseribed.?
e fractions (M- and N) eluted as two partially
: pcaks ltshat were included (15.3 mg and :18;1' mg,
ﬂ;l]:eihe ,C NMR spectrum of fraction M (nét shown)
set of signals for the repeating unit of the

: g;n described “previcusly? (C-1 signals at 109.1,
102.8 ppm) plus a number of signals attributable to
charidic component (C-1 at 105.1 ppm). These
s vero separated by sequential othano! precipita-
-5 mL aqueous solution of fraction M. The
g;lv;ng a BC NMR spectrum -in which C-1
[ ppm wes recovered from the precipi it
mg) obtained at an ethanol/water ral:l;gmo;t: ;a;e :
2 ﬁ;ipgqigg@qugc_gpvmd from the soluble
NMR o -and freeze-drying (fraction P, 3.5 mg).
MR spectrum of fraction N (uot shown) suggested
r{lppsc_d of a homopolymecr, as judged by the
major signals” expected for: ons hexose unit.
886, 32.9, 76.1, 71.1, and 63.4 ppm, plus other
component(sy present in’ minor quantities (one’
227_1703.7 plus. & number of signals in the ring
ﬂw,rhyd_roxymethyl' région between: 60 and 62
‘region of 6-deoxysugais at 16.3; 17.3, and

explaining the low chemical shift value

d precipitation by addition of efhanolto -
f fraction. N ‘initially yielded ‘& mixtore”

Suarez el al.

T
S5 ppm

T T T
105 |PD *®» M %5 80 : T'S 7'0

Figure 2. The 125 MHz. "C NVIR spectrm of fraction R.

(fraction Q); then at high ethanol concéu&ali J j
polysac.cha:ide (fraction R} (Chart I). The ‘3?1\‘1[;;;{) l;;cc::fi?;
of fra.c!lon R (Figure 2) contained anly'the signals of the major
E:g_t:l_nst:_ufe;p_t;é:ip fraction N. Monomer analysis by GLC-MS of
the aldito-l"?!CCwles obtained after full acid hydrolysis showed
that fraction R was uniquely cormposed of g.alactzmsc. The TH
NMR spﬁptmm (not shown) displayed a signal for one anomeric
proto{:. at 5.35 ppm, which confirmed that the polysaccharide
contan} only ‘one sugar residue (galactan). The abaolute con-
figuration of the galactose residue was determined th be Db
) GI:.C of the acetylated (S5)-2-octylglycoside 3235 The chcmic;{
shift of the gnomeric carbon {107.0 ppm) (Figure 2) indicates
that o D-galactofuranoside residue is prcscn‘t, confirmed by thc}
presence of nonanomeric signals at 82.9 ppm, a chemical shift
typical of C-4 of furanosides, and st 88.6 pm {Figure 2}, onl
possible in faranosides. 3435 o
The anomeric configuration could not be assigne
chemical shift of C-1 of 107.0 ppm, since this vaﬁlc (ilsfrrlfil:ilwu;e'
bc'twcen those of the two anamiers of methyl D-galactoﬁlmnosidf:
{differences 3.2 and +2.9 ppm with respect to the o- and
P-anomers, respectively). However, the anomeric protor of
the palactofirranosy! residue appeared as a ‘singlet (Jgypuz < 2
:Jlgl sat 3:;5;332 ;}:}1:;, gp:e;ill of the f-anomeric form of ga!acro‘fmano‘:
g A i ~4—5Hz i
. et 112 :srexpected to be ~4—35 Hz in the
The remaining 'H and 13C signals were assigned usin -
COSY, HSQC, ‘and TOCSY spectra. The aﬁomeric figgfa:
5.32 ppm correlates in the DQF—COSY spectrum (Figure 3
Ief) with the signal at 4.18 ppm (H-2); which in turm shows a
;ross—peak_w:th the highly deshicided nonaromeric sigmal at
8.6 ppm in the HSQC spectrum (Figure 3, right), the lntter
being assigned to C-2. The deshielding of this C-2 signal +73
ppm? with respect to that from methyl ﬁ-D-galactoﬁJranOsidc.“-' :
requires a substitution at this position and establishies. the
structare  of - the. polysaccharide. Supporting evidetice ‘was_ :
obtained from a HMBC experiment optimized for a %gs vahue
of 8 Hz (Figure 4, left), which contained correlations between
the signals of H-1 (5.32 ppm) and C-2 (88.6 ppm) and between

- those of C-1:(107.0 ppm) and. H-2:(4:18 ppm) and by the” =

abservation of an nO¢ cross-peak between'H-1: (5.32 ppm)and’ -

H-2 (418 ppm) in the NOESY spectrum (Figure 4, ripht). =

Although both of these correlations could have arisen by intra-

. ring pathways as well as infer-ting pathways, the presence of
pa ; i ) s presence of
- these correlations and the absence of others confirm the proposed

The O-2 substituent shiclds the C-I and C-3muclei (y: cﬁ'cct)

resonance (107.0 ppm) in the galactofuranan
snd in polysaccharides containing f-D-galactofuraniosyl: ufijts

“ withiout linkages to 0-2.%! Lower values of C-1 chemica} shifts:

at"106.1 and 107.6 pprn were also observed ¢ 2)-6-
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showed immunostinmlatory activity.

Intreduction

lysaccharides aro responsible for the bulk of the iminu-
ulatory - activity ‘of kot aqueots extracts of Chiorella
#dosa cells.! We have undertaken a detailed study of these
ccharides to better understand the immune response and
ty described an arabinogalactan having a wnique structure,’

'firabinoﬁlrax_tosyl and galactopyranosy! units alternate
n chain.? This type of étébinogalapta'n,'Wh(‘isé"émicﬁiz:é*
below, was termed o type IV srabinogatactan? =~

o:-:.-a{af
!
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‘e report the isolation and” structure - of “d dew
aride present in the mixtiire. We have also found that
F the arabinogalactan that we had previousty character-
Present in a number of fractions resulting from a
rate -but very mild isolation procedire. To our
these different fractions coniained arabinogalactans
' different molecular weights, The higher molecular
nga!actans showed impmnostimulatory activity,
er molecalar weight fractions did not.
there have been numerous: publications linking
vities of polysaccharides to molecular size 3~ the

ttice Grindley@bal.Ca,

it of Chemisiry, Dathousic University.

=P1}anmcy, Dathousic University.
1on: Caneda Ltd. R

ersity of Parand,

Erick Reyes Sudrez,t§ Raymond Syvitski,

+ matios are important.*® Alginates also exkiibit th
~:polymanmirogde ‘acid and  alginic - acid” confatning

. mixtures by separating the corponent signals

_workers,” DOSY measurements can be used
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Fractionation of the hot water extract of Chlorelld Pyrenoidosa was performed using a combination of ethanal
precipitation, size exclision chromatography,.and enjon exchange chromatography. One fracticn contained a new
polysaccharide, and this compound was shown to be:a:[—2-linked B-p-galactofuranan from its 1D and 2D 'H
and *C NMR spectra, with a raotecular weight of 15-kDa fiom DOSY NMR measurements. A number of other.
ﬁactipns were shown to have.the same repeating. unit as-the previously identified arabinogalactan. However,
arabinogalactans from different fractiors were shown by-DOSY NMR to have different molecular weights, which
ranged from 27 to 1020 kDa. Agresment with molecular weights measurcd for some of these fractions by SEC-
MALS was very good, further confifiming the relationship established by Viel-ct al. between molecitiar weights
of neutral polysacchatides and ‘self-diffusion coctiicients: The smaller molécular weight polysaccharides, the
galactofirranan end the 27 and 50 kDa arabinogalactans, were shown t6 be close to monedisperse by analysis of
the distributions of the self-diffusion coefficients for the polymers, The larger ambinogalactans had considerable
Variation in their molecular weights (188 =109 'kDa and 1020 + 370 kDa). Only the two larger arabinogalactans

relationships between activities and: structure have nat beeq
clearly identified. The antitumor activities of the branched 13-
Elueans, seleraghican, lentinan, and schizophyllan:depend on
their molecular weight, with masses lower than 10:kDa béing "~
ineffective.5-* Some results suggest that this activity is relaed
o the ability of higher molecular weight polysaccharides o form -
triple-helix confbrmiations; 5 others suggest that low branching

high
concentration of mannuronic acid requiring' molscular weights
of 50 and 200 kDa, fespectively, -to induce human monocyles
to give' maximum production of tmor necrosis factof alpha!?
Interestingly; alginic acid high in gelironic acid does nol exhiibit
this behavies. R : B
_Advances in NMR spectral methods over the last 10 years .
have now made pussible the unambiguous determination of the:
structurcs of the repeating units of pure isolated polysaccharides
by spectral methods-alone, once the identity and configurations
of the constituent monosaccharides have been established 1819~
Diffusion ordered spectroscopy (DOSY)?~2 offers the pos-
sibility. of -performing structural studies on compotents of S
compon long a diffusion
axis in 2D or 3D experiments, the DOSY. versions of standard

1D and 2D experiments.”*~?" In addition, as shown by Vieland -
- co-workers®® and confirmed by Jiménez-Barbero and co-

‘ gbout dispersion of molecnlar weights.2? L tle data is available






