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Accumulation of magnesium ions during fermentative
metabolism in  Saccharomyces cerevisiae
GM Walker and Al Maynard*

School of Molecular and Life Sciences, University of Abertay Dundee, Dundee DD1 1HG, Scotland, UK

When cells of Saccharomyces cerevisiae were grown aerobically under glucose-repressed conditions, ethanol pro-
duction displayed a hyperbolic relationship over a limited range of magnesium concentrations up to around 0.5 mM.

A similar relationship existed between available Mg  2* and ethanol yield, but over a narrower range of Mg 2" concen-
trations. Cellular demand for Mg 2* during fermentation was reflected in the accumulation patterns of Mg 2* by yeast
cells from the growth medium. Entry of cells into the stationary growth phase and the time of maximum ethanol

and minimum sugar concentration correlated with a period of maximum Mg 2* transport by yeast cells. The timing
of Mg ?* transport fluxes by S. cerevisiae is potentially useful when conditioning yeast seed inocula prior to alco-

hol fermentations.
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Introduction 1883; University of Abertay Dundee culture collection

. : . : umber YO36) originally provided by Mauri Yeast Pro-
Magnesium ions play essentlal_roles in the growth andaucts Ltd HuI)I U% Ac%ivpe coloniesyof the yeast were
metabo'llsm of yeast cells [;4]. Wlth regard to carl:.)ohydrategrown on ,Sabo,urau d Dextrose Agar (SDA) slopes &C30
ca‘;ab':) Ilsn} ar;ﬂ ferr?e_r:tan?nk, I‘%’rgllonslyta_\re redqwlredh 6}5 for 24 h then maintained at°@. Experimental fermen-
cofactors for the activity of key glycolytic and alcoholo- ... ; oo . :

: ations were carried out by inoculating yeast cells in modi-
genic enzymes and may also play a regulatory role at thee e ter R o I EE (EME/I%I[6] in which the
level of pyruvate-metabolizing enzymes when cells arg

. . X evel of glucose was increased to 25gLThe calcium
grown respwofgrmentaﬂvely [14’1.6]' Magnesium also playsconcentrgtion was constant at 0.1 mM t‘:k))lut the magnesium
roles in protecting yeast cells against environmental Stressesoncentration was varied as described in the Results
grr;]n%eﬁrn;f;ﬁtéonofu&h k?sogrfgt?cca?:s?sdu?ey [ezt]haggrln[gé4 eionized glassware, AnalaR-grade reagents and ultrapure

9 P ' 9 p CL e T k(18 megaohm conductivity) water were employed in prep-
and Ingram [4] demonstrated that Ktgdeficiencies in a

yeast extract-peptone based fermentation broth were pri ngtloonns gtjr?r:omngagt]ecdﬁu:z (Eroon trzlngggengﬁ'i% ecci)r? SSSI;I
arily responsible for the decline in yeast fermentative 9y ‘ 9

activity. In addition, a general stimulation of ethanol pro- for eép: n:nentalf Cﬁ ltures, log.] Ihsterlle water Wag’ ‘3ddeid 0
duction by yeast is observed when complex organic feed" SDA slope of the yeast which was resuspended prior to

stocks like molasses, wine must or malt wort are Sup_transfer to 100 ml EMM in an Erlenmeyer flask. This pri-

plemented with Mg, indicating that such media may be marytirllggulum was itnctubat?d OtveArfgight|aff30‘h“iEhMS,\qal_‘r'h.

— , g9 : . ing al rpm prior to transfer to ml fres . This
deficient in available Mg for optimal fermentation per- ! . X
formance [16-18]. Thergfore n?edia bioavailability F::e"u_secondary inoculum was incubated as before for 10 h prior

; A to harvesting 100-ml aliquots by centrifugation (1500
2 ]
:ﬁ; Sugtake(ze air;iesul;bzquzrnttombeéabg;g Lijtilgiztggofgrogcmgvel-o min). Cell pellets were washed by resuspension in warm
y yeas pp : prereq Sterile water before re-centrifugation and a second resus-
ment of maximum fermentative activity. . . . : .
! : : . ension to provide the inoculum for the main experimental
This paper investigates the metabolic demands by yea rmentations which were carried out at°@0in 2-L fer-
for Mg?* during fermentation. Knowledge of Mgaccumu-

. - menters (Life Science Laboratories, Luton, UK) with a
lation by yeast cells may be usefully exploited in biotechno- . ' o .
logies concerned with production of ethanol, working volume of 800 ml. Inocula prepared in this way

ensured removal of interstitial and loosely-bound cell sur-
face magnesium.

Materials and methods

Cell numbers and biomass determination

?ﬁganézgség e;g/aeda 7;1 tﬁg‘;ﬁ dcogvcggo;ns industrial bakers)(east cell numbers and mean cell volumes were determined
Y ploy y using a Coulter Counter Model D (Coulter Electronics,

strain  of Saccharomyces. cerevisiadleyen ex-Hansen, Luton, UK). To minimize errors due to cell aggregation,

culture samples were ultra-sonicated (4 min at maximum
Correspondence: GM Walker, School of Molecular and Life Sciences setting in a Camlab T310 sonicator) prior to dilution and
University of Abertay Dundee. Dundee DD1 1HG, Scotland, UK triplicate anaIyS|§. For yeast biomass determinations, cell
1Present address: Quest International, Menstrie FK11 7ES, Scotland, Uk’?”ets from quhcate 10-ml culture samples were washed,
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Chemical analysis

Ethanol was measured in yeast culture supernatants usit
gas chromatography (Perkin-Elmer GC 8310) with a Poro-
paq Q packed column (2 m3 mm). The injector column
and flame ionization detector temperatures were botl
210°C and N was used as carrier gas at a flow rate of
45 ml mim®. Isopropanol was used as an internal standard
Duplicate analyses were undertaken. Residual glucose co &
centration in yeast culture supernatants was measured |-
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HPLC (Bio-Rad) using an Aminex ion exclusion HPX-87H é 020 1
column and refractive index detector. Calibration was by @ L 03
external standardization. Magnesium concentrations in bot® @ .15 1
cells and growth medium were measured (mean of triplicat g .
analyses) by atomic absorption spectrophotometry (Perkir£ £ 0.10 ‘
Elmer 1100B). Flame atomization was used and Mg"“
detected at the 285.2 nm resonance line. Dried cell pellet 0.05 - 01
were suspended in 2 ml water and then hydrolyzed by thi
addition of 2 ml concentrated nitric acid at room tempera- 0.00 0.0
ture for 24 h followed by 10 min at 10C to complete 0 100 200 300 400 500 600 700 800 900 1000
cellular hydrolysis prior to atomic absorption spectrophoto- Magnesium Concentration, M

metry of diluted hydrOIysateS' Figure 2 The relationship between ethanol productiah)(glucose con-

sumption (J) and ethanol yield4) and Mg* availability during fermen-
tation by S. cerevisiae

Results and discussion
The influence of M@-limitation on fermentative metab-
olism by S. cerevisiasvas measured at the level of ethanol  of ¥dgSaltukoglu and Slaughter [11] showed that yeast
production. Both ethanol production and glucose consumpeells absorb a constant amount of ¥ger cell so long as
tion were highly dependent on the availablity of Mdpns the medium is sufficient in this ion. Under Rigdimited
in the yeast growth medium (Figures 1 and 2). Concenconditions however, yeast cells take up ¥ proportion
trations of Mg* above 500uM did not affect fermentation  to its availability [11,15]. The Kguptake patterns from
when expressed on a cellular productivity basis (Figure 2)the growth medium by yeast growing under ®tgjmited
Over the Mg-limited range studied, fermentation increased  conditions (up to aroungdMsQdg?) is shown in
due to the capacity of individual cells to augment ethanolFigure 1c. For cultures in the four highest initial Kgon-
production, rather than by any increase in the cell number. centrations, the sequence of uptake was progressive
Figure 2 also shows that final yields of ethanol did notremoval of Mg from the medium followed by a gradual
appear to be influenced by Mgavailability to the same  release. It is noteworthy that the level of*Nigthin the
extent as ethanol production. medium never returned to its original value but rather 10—

The fact that yeast cells speed up fermentation of glucose ~ 20% was removed by the cells. This is in accordance with
as more M§" is available raises the question of cell uptakeknown roles of Mg* as most cellular M§ would be
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Figure 1 The influence of initial Mg concentration on: (a) ethanol accumulation, (b) glucose consumption and fabtgimulation during fermen-
tation by S. cerevisiaein defined growth media with the following initial concentrations of Mg, 496uM; e, 347uM; m, 142uM;
0, 120uM; A, 71 uM; A, 55uM; and &, 13uM.
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Table 1 Correlation of fermentation parameters with Mg accumulation by yeast

Initial Mg in medium @M) Time of maximum Mg Time for parameter to reach maximum value (h)
accumulation
(h) Ethanol Glucose uptake Cell density
55 60 72 72 85
71 39 46 46 42
120 33 36 36 34
142 30 30 30 30
347 22 25 25 24
496 16 20 20 18

employed for non-structural, cofactor roles in glycolytic 2 D'Amore T, CJ Panchal, | Russell and GG Stewart. 1988. Osmotic
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released by the cells, represents Cytoplasmi€+M§UCh \S(sjlr?]%flloévgr;cél I?(l)oﬁr;%agrﬁ: fgggll\ﬁignesium limitation and its role
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media. Recently, we have shown that attention to*Mg Cell Res 107: 377-386.
transport in industrial yeast strains is potentially useful as a7 Fuhrmann GF and A Rothstein. 1974. The transport 6f,Zbo*" and
means of augmenting fermentative activity by physiological _ Ni*" into yeast cells. Biochim Biophys Acta 363: 295-310.
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