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Abstract 

Glucans are (1 ~ 3)-fl-linked glucose polymers which have immune-stimulating capability. 
The extraction of water-insoluble (1 ~ 3)-/3-D-glucan form Saccharomyces cerevisiae em- 
ploys hydrochloric acid. Hydrochloric acid is difficult to employ in the large-scale pharma- 
ceutical extraction of glucans due to its corrosive nature and toxicity. To address these 
concerns, we determined whether acetic, formic or phosphoric acid can be substituted for 
hydrochloric acid in the process for the isolation of (1 ~ 3)-fl-D-glucan. The resulting 
microparticulate glucans were employed as the starting material for the production of 
(1 ~ 3)-/3-D-glucan phosphate. 13C NMR analysis of the glucan phosphates derived from the 
acetic, formic or phosphoric acid-extracted microparticulate glucan show excellent correspon- 
dence to hydrochloric acid extracted glucan and laminarin, a (1 ~ 3)-/3-D-glucan standard, 
indicating that the primary structure is not altered by the acid used for extraction. Glucan 
phosphate prepared from hydrochloric acid had a M w of 7.2 X 104 g /mol ,  rms z of 17.7 nm, 
of 1.50 and (~/) of 49.0 m L / g .  Glucan phosphate prepared from acetic acid had a primary 
polymer peak with a M w of 1.4 X 106 g /mol ,  rms z of 23.6 nm, I of 1.93 and (~/) of 62.4 
m L / g .  Glucan phosphate prepared from formic acid had a main polymer peak with a M w of 
1.2 X 106 g /mol ,  rms z 27.1 nm, I of 1.56 and (r/) of 89.0 mL/g .  Glucan phosphate prepared 
from phosphoric acid had a primary polymer peak with a M w of 6.6 × 105 g /mol ,  rms z of 
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32.3 nm, I of 2.70 and (r/) of 91.3 m L / g .  These data indicate that the molecular mass, size, 
polydispersity and intrinsic viscosity of the glucan phosphate obtained is influenced by the 
p K a of protic acid employed to extract the microparticulate glucan. However, the primary 
structure and side-chain branching are not substantially altered regardless of the acid 
employed. © 1997 Elsevier Science Ltd. 
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1. Introduction 

Glucans are naturally occurring (1 ~ 3)-/3-1inked 
glucose polymers that belong to the class of drugs 
known as biological response modifiers (BRMs) [1- 
4]. Numerous studies have demonstrated that (1 
3)-/3-D-glucans exhibit considerable immunomodula- 
tory activity [4]. Prophylaxis or therapy with (1 ~ 3)- 
fl-D-glucan based immunopharmaceuticals may be 
beneficial in the treatment of wounds [5], sepsis [1,4] 
and inflammatory disease [6]. 

We have extensively studied (1 ~ 3)-/3-D-glucans 
isolated from the inner cell wall of Saccharomyces 
cerevisiae [2,7,8]. These glucans are isolated by an 
alkaline-acid hydrolysis method, originally devel- 
oped by Hassid [9] and later refined by Di Luzio [10], 
Williams [2,8] and colleagues. Upon initial isolation 
from yeast, (1 ~ 3)-fl-o-glucans are water-insoluble 
microparticulates. We have shown that microparticu- 
late yeast (1 ~ 3)-/3-D-glucans extracted by this 
method are chemically pure, i.e. they contained no 
other carbohydrates, proteins or residual lipids [ 11,12]. 
The microparticulate (1 ~ 3)-fl-D-glucan is employed 
as the starting material for the production of water 
soluble pharmaceutical grade (1 ~ 3)-fl-D-glucans, 

such as glucan phosphate [8] and glucan sulfate [2,13]. 
The current methodology employs hydrochloric acid 
for the extraction of microparticulate (1 ~ 3)-/3-D- 
glucan [2,8-10]. Hydrochloric acid is a strong protic 
acid which would be difficult to use in the extraction 
of pharmaceutical grade glucans due, in part, to its 
corrosive nature, toxicity, and waste management. 

To address these concerns, we determined whether 
phosphoric, acetic, or formic acid can be substituted 
for hydrochloric acid in this process for the isolation 
of microparticulate (1 -~ 3)-fl-D-glucan. The resulting 
microparticulate glucans were employed as the start- 
ing material for the production of (1 ~ 3)-/3-o-glucan 
phosphate. To compare and contrast the glucans, we 
investigated the physicochemical features of the glu- 
can phosphates obtained, i.e. primary structure, poly- 
mer mass, size and distribution. 

2. Results 

13C nuclear magnetic resonance analysis.--Table 
1 shows the 13C NMR chemical shifts of micropartic- 
ulate glucans in Me2SO-d 6 after isolation with the 
different acids. Table 1 also shows the 13C NMR 

Table 1 
13C NMR chemical shifts of water-insoluble, microparticulate (1 ~ 3)-fl-D-glucan extracted from Saccharomyces cerevisiae 
with various protic acids and the water-soluble (1 ~ 3)-fl-o-glucan phosphates derived from the corresponding micropartic- 
ulate (1 ~ 3)-fl-o-glucan a 

Protic acid Carbon atom 

C-1 C-2 C-3 C-4 C-5 C-6 

Water-insoluble (1 ~ 3 )-fl-D-glucans 
Hydrochloric 103.01 72.83 
Acetic 102.93 72.74 
Formic 102.91 72.73 
Phosphoric 102.94 72.76 
Water-soluble (1 ~ 3 )-fl-D-glucan phosphates 
Hydrochloric 103.00 72.76 
Acetic 102.87 72.82 
Formic 102.91 72.70 
Phosphoric 102.90 72.70 
Laminarin b 103.12 72.93 

86.22 68.41 76.33 60.87 
86.17 68.33 76.27 60.80 
86.16 68.33 76.26 60.80 
86.16 68.35 76.28 60.82 

86.21 68.36 76.29 60.83 
86.13 68.28 76.22 60.75 
86.15 68.31 76.24 60.78 
86.15 68.31 76.24 60.78 
86.26 68.49 76.41 60.96 

a The glucans were dissolved in M e  2 S O - d  6 and the chemical shifts are in ppm. 
b Laminarin was employed as a (l ~ 3)-fl-D-glucan standard. 
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chemical shifts of the glucan phosphates derived 
from the corresponding microparticulate glucan. 
Comparison of the chemical shifts of the glucans 
extracted with acetic, formic and phosphoric acid 
show excellent correspondence to hydrochloric acid 
extracted glucan and laminarin. All water-insoluble 
and water-soluble preparations possess the character- 
istic pattern of a (1 ~ 3)-/3-D-glucan with clearly 
identifiable peaks for the six carbon atoms of the 
sugar ring at characteristic chemical shifts [12]. This 
confirms the (1 ~ 3)-/3 assignment and indicates that 
with regard to primary structure there are no signifi- 
cant differences between any of (1 ~ 3)-/3-D-glucans 
examined (Table 1). Glucans extracted with hydro- 
chloric acid are typically non-branched or branched 
at a very low frequency, i.e. one (1 ~ 6)-/3-glycosidic 
branch occurs every 20 backbone residues [8]. Glu- 
cans extracted with phosphoric, acetic or formic acid 
showed branching similar to that observed with hy- 
drochloric acid extraction. 

Polymer mass, size and distribution.--Table 2 
shows the refractive index increment (dn/dc) ,  the 
weight-average molecular mass moments, the Z-aver- 
age rms radius, the polydispersity and intrinsic vis- 
cosity of water soluble glucan phosphates prepared 
from microparticulate glucan extracted with the dif- 
ferent protic acids. Glucan phosphate (hydrochloric 
acid) had a polymer peak with a M w of 7.2 X 10  4 

g /mol ,  a r m s  z radius of 17.7 nm and polydispersity 

( I )  of 1.50 [14]. The intrinsic viscosity was 49.0 
m L / g  [14]. Glucan phosphate (acetic acid) had a 
broad molecular mass distribution with three separate 
polymer peaks. The primary peak (49% of the total 
mass) had a M w of 1.4 X 106 g /mol ,  a rms  z of 23.6 
nm and ( I )  of 1.93. The second polymer peak ac- 
counted for 24% of the total mass with a M w of 
3.9 × 10 4 g/mol ,  followed by a third small molecu- 
lar mass peak (27% of the total mass) with a M w of 
1.1 X 10 4 g/mol .  The intrinsic viscosity over the 
whole polymer distribution was 62.4 m L / g .  Glucan 
phosphate (formic acid) also showed a broad molecu- 
lar mass distribution with two separate polymer peaks. 
The determination of molecular mass and size across 
the primary polymer peak (69% of the total mass) 
yielded a M w of 1.2 X 10 6 g /mol ,  a rms z of 27.1 
nm and ( I )  of 1.56. The second polymer peak (31% 
of the total mass) possessed a M w of 6.8 X 104 
g /mol .  The intrinsic viscosity was found to be 89 
m L / g .  Glucan phosphate (phosphoric acid) also ex- 
hibited a very broad molecular mass distribution. The 
calculation of molecular mass across the main poly- 
mer peak (64% of the total mass) yielded a M w of 
6.6 X 105 g /mol ,  a rms z of 32.3 nm and ( I )  of 2.70. 
The second polymer peak (36% of the total mass) 
had a M w of 2.2 × 10 4 g/mol .  The intrinsic viscos- 
ity was determined to be 91.3 m L / g .  

The M w of the primary polymer peaks of (1 ~ 3)- 
fl-D-glucan phosphates prepared with acetic, formic 

Table 2 
Molecular mass moments, Z-average rms radii, polydispersity 
different protic acids as determined by SEC/MALLS/DV a 

and intrinsic viscosity of glucan phosphates isolated with 

Protic acid 

Hydrochloric d 

Acetic 
Peak 1 
Peak 2 
Peak 3 

Formic 
Peak 1 
Peak 2 

Phosphoric 
Peak 1 
Peak 2 

Refractive index Mass-average Z-average 
increment dn/dc molecular mass rms radius 
(mL/g) b M w (g/mol) (nm) 

0.158 7.2 × 10 4 17.7 

0.144 

0.121 

0.157 

Polydispersity I Intrinsic viscosity 
(Mw/Mn) [n] (mL/g) c 

1.50 49.0 

1.4 X 10 6 23.6 1.93 
3.9 X 10 4 n.d. e 1.46 
1.1 × 104 n.d. 1.41 

62.4 

1.2 × 10 6 27.1 1.56 89.0 
6.8 × 10 4 n.d. 1.10 

6.6 × 105 32.3 2.70 91.3 
2.2 × 10 4 n.d. 1.30 

a Carbohydrates were dissolved in 50 mM sodium nitrite, filtered (0.45 /xm) and injected. 
b The dn/dc values were determined across the whole polymer distribution. 
c The intrinsic viscosities were determined over the whole polymer distribution. 
d The values for glucan phosphate (hydrochloric acid) were taken from [14]. 
e Not detectable. 
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or phosphoric acid were one to two orders of magni- 
tude greater than that observed for glucan phosphate 
prepared with hydrochloric acid extraction. The Z- 
average rms radii of acetic, formic or phosphoric acid 
extracted glucans were increased by 33% to 82% 
when compared to glucan phosphate prepared from 
hydrochloric acid extracted glucan (Table 2). The 
intrinsic viscosities of acetic, formic or phosphoric 
acid extracted glucan phosphates were also higher 
than for glucan phosphate isolated with hydrochloric 
acid (Table 2). Another major difference between the 
glucan phosphates extracted with the various acids 
and the hydrochloric acid glucan phosphate standard 
was polydispersity, i.e. with regard to the occurrence 
of multiple polymer peaks and greater I values than 
for glucan phosphate isolated with hydrochloric acid. 
The polymer distributions of the primary polymer 
peak of acetic, formic or phosphoric acid extracted 
glucan phosphates were 29%, 4% and 80% greater 
than that observed in the hydrochloric acid extracted 
glucan phosphate (Table 2). 

Table 3 shows the linear scaling relationship fac- 
tors a (Mark-Houwink) and v for the various glu- 
can phosphates. The slope of the linear relationship 
between log intrinsic viscosity and log molecular 
mass is known as the Mark-Houwink- or a-value for 
a polymer system [14]. The slope of the linear rela- 
tionship between the logarithm of the rms radius of 
the center of gravity and the logarithm of the molecu- 
lar mass moment has been termed " v "  [14]. Estab- 
lishing ot and v for the various glucan phosphates 
can provide insights into the solution conformation of 
the polymers [14]. Glucan phosphates prepared from 
microparticulate glucans extracted with hydrochloric, 
acetic, formic or phosphoric acid showed o~ values 

of 0.649 [14], 0.662, 0.740 and 0.361, respectively. 
Glucan phosphates prepared from microparticulate 
glucans extracted with hydrochloric, acetic, formic or 
phosphoric acid showed ~ values of 0.354 [14], 
0.793, 1.03 and 0.4, respectively. 

3. Discussion 

In this study, we examined the applicability of 
various protic acids for the extraction of water insolu- 
ble, microparticulate (1 ~ 3)-/3-D-glucan from the 
saprophytic yeast, Saccharomyces cerevisiae. The 
microparticulate glucans were then employed as the 
starting material for the production of a water soluble 
(1 ~ 3)-/3-D-glucan, glucan phosphate. The original 
method for the isolation of yeast glucans employed 
hydrochloric acid in the second phase of the alka- 
line-acid extraction. The use of hydrochloric acid in 
the large-scale extraction of (1 ~ 3)-/3-D-glucan start- 
ing material is problematic due, in part, to the corro- 
sive nature and toxicity of this acid. The ability to 
obtain a comparable (1 ~ 3)-/3-D-glucan starting ma- 
terial from yeast with a less corrosive acid would be 
of benefit. The data presented indicate that acetic, 
formic or phosphoric acid can be employed to extract 
water insoluble (1 ~ 3)-fl-D-glucan from Saccha- 
romyces cerevisiae. Further, these glucans can be 
used as the starting material for the production of 
water-soluble glucan phosphate. The primary struc- 
ture and branching frequency of the glucans extracted 
with acetic, formic or phosphoric acid were not sig- 
nificantly different from the glucan extracted with 
hydrochloric acid. However, substantial differences 
between the glucan phosphates were found with re- 

Table 3 
Scaling relationships between intrinsic viscosity and molecular mass (a  or Mark-Houwink value) and rms radius and 
molecular mass (v value) over the corresponding molecular mass ranges for glucan phosphates prepared from microparticu- 
late (1 ~ 3)-/3-D-glucans extracted with various protic acids 

Protic acid a (Mark-Houwink) a /2 (rms radius vs. mass) b 

Hydrochloric 0.65 0.35 
(1 x 10  4 - -  5 X 10  5 g/mol) (5 X 104 - 4 X 105 g/mol) 

Acetic 0.66 0.79 
(8 X 10 5 -- 8 X 10 6 g/mo0 (9 X 105 - 2 X 10 6 g/mol) 

Formic 0.74 1.03 
(5 X 10 5 -- 5 X 10 6 g/mo0 (8 X 105 - 2 X 10 6 g/mol) 

Phosphoric 0.36 0.40 
(1 X 10 5 -- 1 X 10 6 g/mol) (3 X 105 - 1 X 10 6 g/mol) 

a Mark-Houwink values were determined according to the equation [r/] = K s * M% 
b v Values were determined according to the equation r z = K~ * M v. 
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gard to molecular masses, molecular sizes and poly- 
dispersities, respectively. The two most striking dif- 
ferences were observed in the molecular mass of the 
main polymer peak and the polydispersity of the 
glucans. These data suggest that the weaker the protic 
acid employed the greater the molecular mass and 
polydispersity of the glucan phosphate obtained. 

We also examined whether the glucan phosphates 
would behave similarly in aqueous solution. The a 
(Mark-Houwink) and v values suggest that glucan 
phosphates prepared from acetic or formic acid ex- 
tracted glucan exhibit a somewhat more rigid, rod-like 
structure than glucan phosphate isolated with hydro- 
chloric acid. We speculate that this may be due to the 
presence of multiple helical structures in aqueous 
medium. The phosphoric acid glucan phosphate has a 
lower a and v value, suggesting a random coil or 
spherical coil solution behavior. We speculate that 
the phosphoric acid glucan phosphate is not behaving 
as a true random coil but that there may be different 
types of coiled structures. 

There is an important caveat to this study. The 
present study was undertaken to evaluate whether 
other protic acids could be substituted for hydrochlo- 
ric acid in the glucan extraction process. In order to 
control the experiment, we employed the acid con- 
centrations and extraction times that had previously 
been defined for HC1 extraction [8]. We observed that 
the weaker the protic acid the greater the molecular 
mass, size and polydispersity of the glucan phosphate 
obtained. It is entirely possible and, indeed, probable 
that if the concentration of the weaker acids were 
increased and /or  the time of hydrolysis increased 
that the molecular size and distribution of the result- 
ing glucan phosphate obtained could be decreased. 
Thus, we conclude that the present study has demon- 
strated the feasibility of using other protic acids to 
extract microparticulate glucans from yeast which 
can be used as starting material for the production of 
glucan phosphate. Additional studies are required to 
optimize the concentration of acid and the time of 
hydrolysis necessary to obtain a product which is 
identical to the hydrochloric acid extracted glucan. 

4. Experimental 

Isolation of microparticulate water insoluble (1 
3)-~-D-glucan.--We have previously described the 
method for the extraction of microparticulate glucans 
[2,8]. The basic method was modified only with 
regard to the substitution of different protic acids. 

Briefly, four batches of S. cerevisiae (454 g) were 
extracted (3 × ) with 0.75 M NaOH at 100 °C. The 
residue was then sequentially extracted with 2.5 N, 
1.75 N and 0.94 N hydrochloric, acetic, formic or 
phosphoric acid at 100 0(2. The residue was then 
extracted with boiling 1% acidic ethanol (6 X ), fol- 
lowed by boiling 1% alkaline ethanol (1 X ). The acid 
ethanol was prepared with the corresponding acid. 
The remaining residue was washed in 18 m / ]  water 
at 100 °C (3 X ), allowed to sediment, harvested and 
lyophilized to dryness. The yield was 3-5%. 

Preparation of water-  soluble glucan phos- 
phate.--Water-soluble glucan phosphate was pre- 
pared according to the method described by Williams 
et al. [8]. Our S E C / M A L L S / D V  data indicate that 
lyophilization will increase the degree of polymer 
aggregation present in the glucan phosphate prepara- 
tions (unpublished observations). To alleviate this 
problem, the glucan phosphates were not lyophilized 
following dialysis and concentration (3 to 5 m g / m L )  
in 18 m/2  water. The glucan phosphates were stored 
in sealed, depyrogenated glass bottles at 4 °C until 
assayed. Aliquots for 13C NMR spectroscopy were 
lyophilized to dryness prior to dissolution in Me2SO- 

d6"13C NMR.--Analyses were performed on Bruker 
200 and 500 MHz instruments (Bruker Instruments 
Inc., Billerica, MA), operating in the pulsed Fourier- 
transform mode as previously described [12]. Mi- 
croparticulate glucans and glucan phosphates were 
dissolved in Me2SO-d 6. All samples were prepared at 
a concentration of 50 m g / m L .  Conditions under 
which the spectra were obtained are as follows: field 
strength 50 and 125 MHz; relaxation delay 1 s; pulse 
window 15°-20 °. Laminarin, a (1---, 3)-/3-D-glucan 
standard as also examined in Me2SO-d 6 [8]. Approxi- 
mately 19,000-61,000 scans were collected for sam- 
pies. All spectra were obtained with broadband pro- 
ton decoupling. 

Determination of the specific refractive index in- 
crement (dn/dc) . - -The  dn /dc  values for the glucan 
phosphate samples were determined with an Optilab 
903 interferometric refractometer (Wyatt Technology 
Corp., Santa Barbara, CA) at 25 °C in 50 mM sodium 
nitrite mobile phase as previously described [14]. 

Determination of molecular mass, size, distribution 
and intrinsic viscosity of the water soluble (1 ~ 3)-[3- 
D - glucan phosphates by SEC/MALLS~  DV. - -  
Molecular mass, size and distribution were estab- 
lished by size- exclusion chromatography (SEC) with 
in-line multi-angle laser light scattering (MALLS) 
photometry and differential viscometry (DV) as pre- 
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viously described [14]. The mobile phase, 0.05 M 
sodium nitrite, was filtered (0.45 /.~m), stored in a 
sterile reservoir and delivered at a flow rate of 0.5 
mL/min .  The columns were maintained at 30 °C. 
The system was calibrated using narrow-band pullu- 
lan and dextran standards. For analysis, non-lyophi- 
lized glucan phosphate samples were adjusted to a 
concentration of 2 -3  m g / m L  and then injected with 
50 mM sodium nitrite mobile phase. A 200 /zL 
injection volume was used for all analyses. 
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