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ABSTRACT
J. Inst. Brew. 114(3), 205-208, 2008

Glycogen is an important storage reserve in yeast. In Saccharo-
myces cerevisiae glycogen is present in two pools, an intracellu-
lar soluble pool and a cell wall bound, insoluble extra-cellular
pool. The present method uses a 20% KOH treatment to separate
the two pools, which are then estimated using amyloglucosidase.
The amount of soluble glycogen was found to be 6.5 mg/g of
wet weight of yeast while that of cell wall bound glycogen was
found to be almost three times that of the soluble, viz., 18 mg/g
of wet weight of yeast. The data is compared with two earlier
commonly used methods of yeast carbohydrate fractionation,
which reported glycogen in totality. Reviewing these methods in
the light of finding two pools of glycogen revealed that both the
methods can be demonstrated to yield soluble glycogen in the
range of 6-9 mg/g of yeast and 18-21 mg/g of wet weight of
yeast of cell wall bound glycogen.
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INTRODUCTION

Glycogen in Saccharomyces cerevisiae serves as an
important energy reservoir that is correlated to fermenta-
tion performance and to the viability of yeast on storage!!.
The concentration of glycogen in yeast varies with chang-
es in environmental conditions®. The genes encoding the
enzymes of glycogen and trehalose metabolism are in-
duced in similar fashion and to a comparable extent in
response to stress, hence it appears that glycogen is prob-
ably helpful in combating stress’. Glycogen in yeast is
present in two pools: one soluble and intracellular while
the other is cell wall bound and thus rendered insoluble®*.
The cell wall bound glycogen is linked to the [ 1-3
glucan, through a B 1-6 linkage, rendering it insoluble'.
Further we have found that it is the cell wall bound
glycogen pool that relates to ethanol production and
fermentation performance!®. However, the earlier used
methods for glycogen estimation have reported glycogen
content in totality, in spite of having needed an acid
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extraction after an alkali extraction to isolate all the
glycogen®'*!4, (Glycogen can also be estimated using io-
dine reagent® as well as a rapid visualization of glycogen
content using iodine has been suggested to determine the
yeast status for pitching®). Other methods of glycogen
estimation involve the physical disintegration of the cell
wall and estimation of the glycogen content enzymati-
cally, which also reports glycogen in totality'%.

In the present work, our method of glycogen estima-
tion is compared with the two earlier well-known methods
of yeast carbohydrate fractionation, viz. the Trevelyan
Harrison method and Manners method*'*!4, Several labo-
ratories estimate glycogen content using the Trevelyan
Harrison method even today. The present report is intend-
ed to put glycogen isolation and estimation in its proper
perspective and to demonstrate that the earlier used meth-
ods of glycogen isolation and estimation can reveal the
presence of two pools of glycogen, which may be serving
different physiological functions in the yeast and hence
need to be estimated separately.

MATERIALS AND METHODS

Yeast strain

Saccharomyces cerevisiae (NCIM 3494) is a standard
laboratory strain, purchased from National Chemical Lab-
oratory, Pune, India. Amyloglucosidase from Aspergillus
niger was purchased from Sigma Chemical Company,
USA. All other reagents were purchased locally and were
of analytical grade. The glucose oxidase-peroxidase kit
was purchased from Qualigen, India.

Culture conditions

The yeast were routinely grown in 8% glucose, 0.5%
peptone and 0.3% yeast extract, at room temperature
(25°C) with occasional shaking in 2 L conical flasks con-
taining 1 L media, closed using cotton wool. Cells were
harvested after 48 h of fermentation in the stationary
phase. About 10-12 g of yeast (wet weight) was collected
from 1 L of media.

Isolation and estimation of glycogen

For comparison of the Trevelyan Harrison method and
the Manners method, cells were harvested at the end of 48
h of fermentation and washed in ice-cold water. The pro-
tocols for fractionation were used according to the origi-
nal papers, however estimation of glycogen was done
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Cells after 48 h of fermentation
Centrifuged for 10 min at 7000 rpm at 4°C
Washed with cold distilled water

|

10 % TCA Treatment

N\

TCA extracted cell mass

l

Alkali treatment of insoluble mass
(30% w/v KOH at 100°C/15 min)

|

Adjust to pH 7
Refrigerate overnight

|

Centrifuge for 10 min at 7000 rpm
|

Adjust to pH 7
Soluble fraction (Trehalose 7.4 mg)

Insoluble Fraction B

Soluble Fraction A (soluble glycogen)

Total Carbohydrate 24.4 mg
‘ Soluble Glycogen 8.4 mg

v

Amyloglucosidase treatment

|

Estimation of sugar enzymatically
Insoluble glycogen 20.8 mg

Insoluble mass
Glucan 35.7mg

|

Acid treatment-2N sulphuric acid at
at 100°C/15 min
Adjust to pH 7

Soluble fraction
Total carbohydrate 28.4mg
Insoluble Glycogen 19.5mg

Fig 1. Isolation of soluble intracellular, and insoluble cell wall bound glycogen by the
Trevelyan Harrison method. The released glycogen fractions were measured by the

glucose oxidase-peroxidase method.

enzymatically using amyloglucosidase and free glucose
was measured by the glucose oxidase method. The isola-
tion and estimation of soluble and insoluble glycogen by
alkali digestion was carried out as follows. Cells har-
vested after 48 h of fermentation were washed with ice
cold water and 2 mL of 20% KOH was added per g of wet
weight of yeast and digested at 100°C for 1 h. The digest
was carefully adjusted to pH 7 under cold conditions
using 0.2N HCI and the insoluble gel like mass was sepa-
rated by centrifugation. This was washed repeatedly and
subjected to amyloglucosidase treatment for estimating
the cell wall bound glycogen. The supernatant was treated
similarly to estimate the soluble glycogen fraction. The
gel like mass was suspended in water to a volume of 10
mL. Of this, 1 mL was treated with 0.5 mg of amyloglu-
cosidase from A. niger in 0.2 M acetate buffer at pH 4.2
for 30 min at 37°C in a total volume of 3 mL. The glucose
liberated was estimated by the glucose oxidase-peroxidase
method using a commercial kit.
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RESULTS AND DISCUSSION

The protocols used for the Trevelyan Harrison method,
Manners’s method and the method used by us are outlined
in Figs. 1, 2 and 3 respectively. With the Trevelyan and
Harrison method, the soluble fraction A after alkali
treatment and further analysis with amyloglucosidase,
showed the presence of an alkali soluble intracellular frac-
tion of glycogen. While the insoluble fraction B requires a
treatment with acid to solubilize and release the acid sol-
uble or cell wall bound glycogen. The insoluble fraction B
can be treated directly with amyloglucosidase to demon-
strate the cell wall bound glycogen or treated with acid, as
in case of the original paper to show a similar release of
cell wall bound glycogen.

Manners’s method, on the other hand, was developed
essentially for assessment of B 1-3 and 8 1-6 glucan of the
cell wall. They reported repeated use of amylase treatment
to remove traces of glycogen and still found maltose is



Cells after 48 h of fermentation
Centrifuged for 10 min at 7000 rpm at 4 °C
Washed with cold distilled water

Alkali treatment of cells
(3% w/v NaOH at 75°C for 6h)

Centrifuge for 10 min at 7000 rpm

N

Solid Mass
(64.8 mg)

Soluble Fraction A (Soluble glycogen)

Total Carbohydrate 37.4 mg
Soluble Glycogen 7 mg

v

Amyloglucosidase treatment
Insoluble Glycogen 18.0 mg

l

Acid treatment-0.5 M acetic acid

At75°C for6 h

— O\

Solid Mass Soluble Fraction B
(Insoluble $1-3 glucan) (B1-6 glucan linked glycogen)
36 mg

'

Amyloglucosidase treatment
Total carbohydrate 28 mg
Insoluble Glycogen 18 mg

Fig 2. Isolation of soluble intracellular and insoluble cell wall bound glycogen by the
Manners method. The released glycogen fractions were measured by the glucose

oxidase-peroxidase method.

associated with the beta 1-6 fraction®. In Fig. 2 the alkali
soluble fraction A contains the soluble glycogen, while
the acetic acid treated fraction B shows the cell wall
bound glycogen fraction. As in case of the Trevelyan
Harrison method, Manners’s method with a direct
treatment of the solid insoluble mass with amyloglucosi-
dase, yields the same content of cell wall bound glycogen,
as after acetic acid treatment.

The method described in Fig. 3 is routinely used in the
author’s laboratory to estimate soluble and insoluble gly-
cogen. The cells are digested by alkali treatment followed
by amyloglucosidase treatment. The ratio of insoluble to
soluble glycogen in the three methods is 2.32, 2.57 and
2.77 respectively. The variation in insoluble glycogen
content is less (£1.5 mg/g yeast), while it is found to be
higher for soluble glycogen (£2.5 mg/g yeast). It is the
author’s personal observation that on refrigerating the
soluble fraction of glycogen overnight, some insoluble
aggregates are formed which may be due to contamina-
tion of the soluble fraction of glycogen with the cell wall
bound glycogen fraction and thus one is likely to over-
estimate this glycogen fraction.

Although various methods of glycogen estimation were
mentioned earlier, only the Trevelyan Harrison method
and Manners’s method, which involve stepwise yeast cell
carbohydrate fractionation have been reviewed in this

work. This is in view of the fact that the other methods
involve a step of cell disintegration, followed by enzy-
matic analysis, that estimate glycogen in totality.

It is clear that the glycogen in yeast is present in two
pools and this can be demonstrated by the earlier methods
of isolation. It was simply assumed that there was a need
for alkali and acid treatment to extract glycogen and the
values were reported as total glycogen. However, there
has been no enquiry into the fact that since glycogen is
alkali soluble, why was acid extraction essential. Further,
it should be borne in mind that in repeated experiments,
the same quantities of alkali soluble and acid soluble
glycogen were obtained by all three methods, indicating
that these were not artifacts, but separate entities. It has
been observed using freeze substitution electron micro-
scopy and specific staining of polysaccharides that glyco-
gen is present as a ring in the cell wall and is well stained
in cytoplasm invaginations in the periplasmic space’.

The insoluble cell wall bound glycogen fraction relates
to fermentation performance!®. It has also been shown that
the acid soluble glycogen pool plays an important role as
a reserve carbohydrate to supply energy during membrane
lipid synthesis in the early aerobic period of fermenta-
tion®. It would be vital for a brewer to ensure that there is
proper repletion of the cell wall bound glycogen prior to
pitching. It is therefore important to recognize that glyco-
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Cells after 48 h of fermentation
Centrifuged for 10 min at 7000 rpm at 4°C
Washed with cold distilled water

!

Alkali treatment of cells
(20% w/v KOH at 100°C for 1h
Adjust to pH 7

l

Centrifuge for 10 min at 7000 rpm

— O\

Solid Mass Soluble Fraction
59.4 mg Total carbohydrate 30 mg
l Soluble Glycogen 6.5 mg

Amyloglucosidase treatment
Insoluble Glycogen 18 mg

Fig 3. Isolation of soluble intracellular and insoluble cell wall
bound glycogen by the alkali digestion method. The released
glycogen fractions were measured by the glucose oxidase-
peroxidase method.

gen in yeast does exist in two pools, the physiological
function of which may differ and thus there is a need for
these to be isolated and estimated separately.

REFERENCES

1. Arvindekar, A. U. and Patil, N. B., Glycogen - a covalently
linked component of the cell wall in Saccharomyces cerevisiae.
Yeast, 2002, 19, 131-139.

2. Coulary, B., Aigle, M. and Schaefter, J., Evidence for glycogen
structures associated with plasma membranes invaginations as

208 JOURNAL OF THE INSTITUTE OF BREWING

11.

12.

13.

14.

visualized by freeze-substitution and the Thiery reaction in Sac-
charomyces cerevisiae. J. Electron Microscopy., 2001, 50(2),
133-137.

. Fleet, G. H. and Manners, D. J., Isolation and composition of an

alkali-soluble glucan from the cell walls of Saccharomyces cere-
visiae. J. Gen. Microbiol., 1976, 94, 180-192.

. Gunja-Smith, Z., Patil, N. B. and Smith, E. E., Two pools of

glycogen in Saccharomyces. J. Bacteriol., 1977, 130(2), 818-
825.

. Krisman, C. R., A method for the colorimetric estimation of

glycogen with iodine. Anal. Biochem., 1962, 4, 17-23.

. Lillie, S. H. and Pringle, J. R., Reserve carbohydrate metabo-

lism in Saccharomyces cerevisiae: Responses to nutrient limita-
tion. J. Bacteriol., 1980, 143(3), 1384-1394.

. Parrou, J. L., Teste, M. A. and Francois, J., Effects of various

types of stress on the metabolism of reserve carbohydrates in
Saccharomyces cerevisiae: genetic evidence for a stress-induced
recycling of glycogen and trehalose. Microbiol., 1997, 143,
1891-1900.

. Quain, D. E., Thurston, P. A. and Tubb, R. S., Structural and

storage carbohydrates of Saccharomyces cerevisiae fermenta-
tion of wort and role for glycogen catabolism in lipid biosyn-
thesis. J. Inst. Brew., 1981, 87,108-111.

. Quain, D. E. and Tubb, R. S., A rapid and simple method for the

determination of glycogen in yeast. J. Inst. Brew., 1983, 89, 38-
40.

. Sankh, S. N. and Arvindekar, A. U., Availability of substratum

enhances ethanol production in Saccharomyces cerevisiae.
Biotech. Lett., 2004, 263, 1821-1824.

Stewart, G. G. and Russell, I., Centenary review: One hundred
years of yeast research and development in the brewing indus-
try. J. Inst. Brew.,1986, 92, 537-558.

Schwartzkoff, C. L. and Barford, J. P, Glycogen analysis of
whole yeast cells. Biotech. Lett., 1981, 3(11), 603-606.
Trevelyan, W. E. and Harrison, J. S., Studies on yeast metabo-
lism. I. Fractionation and microdetermination of cell carbohy-
drates. Biochem J., 1952, 50, 298-303.

Trevelyan, W. E. and Harrison, J. S., Yeast carbohydrate frac-
tions. Separation from nucleic acid, analysis and behavior dur-
ing anaerobic fermentation. Biochem. J., 1956, 63, 23-33.

(Manuscript accepted for publication August 2008)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings for creating PDF files for submission to The Sheridan Press. These settings configured for Acrobat v7.0 01/20/05.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


