INTRODUCTION

WORLD BREWING CONGRESS 2016

Compositional and ultrastructural characterization of the SMA strain of Saccharomyces pastorianus

Potter, G.14, Swart, C. W.12, Van Wyk, P. W. J.%, Swart, H. C.3, Budge, S. M.4, Speers, R. A.%

RESULTS

TOF-SIMS depth profiling analysis of the SMA strain of Saccharomyces pastorianus grown in
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DISCUSSION

It i -k that b dioxid cO d eth | c A N O Hi-res SEM indicated an increase in the number of gas bubbles with fermentation time
IS Well-known at carbon _ I0XIdE ( 2) and e _ano are — (24 h — 72 h, YM fermentable media) (Fig. 1a, 48 h). YPG-grown cells (non-fermentable
released as by-products during brewing fermentations, yet S B . media) contained larger vacuolar structures and very few bubbles could be observed at
intracellular CO, was never observed in yeast cells until the - any sampling time (Fig. b, 48 h). TEM results lindicate a number of electron-
d | t of A hitect : S t et al. 2012). Thi . 17 transparent gas bubbles inside the fermenting cells that increased with fermentation

_eve opment O uger-architec (?mICS ( WQI‘ et al., ) IS D 5 z: time to a point where the 72 h aged cells were almost completely filled (Fig. 2a). The
discovery represented a paradigm shift in current models of 5 § intracellular structures were not enveloped by a membrane suggesting that they were
|ntrace”u|ar gaS genera‘“on’ transport and Ce”ular metabo“sm INn c) ™ 2: lndeeq bubbles and not cell organelles. Cells_grown IN non-ferment_able media

terial : h . it | f B ol — contained few electron-transparent gas bubbles (Fig. 2b). 72 h old cells (Fig. 2a) were
materials s_(:lence a cqmpre ensive compaosi |on§1 _survey O a LL 3 :E'.\ 4 filled with gas bubbles to a greater extent than any other Saccharomyces cerevisiae or
substance is only possible when surface analysis is combined ol B \*></:\;—; T1  pastorianus fermentation strains tested with the same TEM technique (Swart et al.,
with depth profiling. Fortunately, the field has developed several : - - .~ |¢@"  2012). TOF-SIMS depth profiling analysis showed that the cell compositions changed
technological inst ts t hi h let Sputter Time (min) - with sputtering time, and differed at the exterior and interior of the cell. C- levels were
nanotec no_ Oglca_‘ Instruments 10 ac '_eve Suc a _comp ele ] _ _ _ _ _ _ _ PN . @ — highest and O- were lowest in 48 h fermenting cells (Fig. 5a). C- and O~ were the most
approach including both Nano scanning Auger microscopy ;‘:ﬁ;’?\rtasrgh\'(”l\% S’]g drg”(sz;;')'ziz S(SMngzigfrfe?\i;E?eSth/LAéStr:]Eggigf (jgﬁgzhirl\c/’ltggsvsnp(?;tlgrf;r‘&z ig;%WQ 'Igr(;g . D abundant ions and these converged as sputtering time increased. O- was much more
(NanoSAM) and time-of-flight secondary ion mass spectrometry number of hole-like structures (gas bubbles), while YPG-grown cells contained significantly fewer bubbles. ad A abundant than NH’, and P~ and S could be detected in both cell types, with greater

TOF-SlI\/lS) , 80 amounts of S than P- present. The prevalence of S over P- may indicate a greater
( ' H n il abundance of sulfur-containing amino acids relative to phosphorus-containing cellular

£ o lipids.
AIMS E’ 8- P
_ | N NS CONCLUSIONS

In this study the standard SMA strain of Saccharomyces D . NanoSAM d TOE-SIMS ied to biological .
pastorianus was analyzed with Auger-architectomics and TOF- 5 . ano t an e t- i ap|t3 1€ Ot' '? ogzlhca_ ?Ipemmens‘:
SIMS (i) to further demonstrate the nascent biological ) . rbepl)jrslse? pO\E\_/er ultec ”nllques O |n\.1.es |g_aef € Itr'] uence to
applications of these techniques and (ii) to investigate the e ° T “ ubble tormation on - cefilar composition in-termenting yeasts.
influence of bubble formation on cellular composition in LL From TOF-SIMS depth profiling analysis it was clear that the cell

- - % NanoSAM SEM and Auger electron spectroscopy analysis of the SMA strain of exterior and interior had different elemental compositions.
fe_rmentlng yeaS’FS- Nanot_echl_wologlc_al analyseS_ Were coupled £ tum sonm | Saccharomyces pastorianus grown in (a) YM and (b) YPG media for 24 h. SEM micrograph of Nanotechnological analyses coupled with microscopic
with  microscopic examination via transmission electron & (a) YM 24 h cells and (b) YPG 24 h cells. The targets for elemental analysis are shown by the i o TEM d HLR SEM al ed |
microscopy (TEM) and high resolution (Hi-RES) scanning electron TEM analysis of the SMA strain of Saccharomyces pastorianus grown in (a) fermentable YM media for 72 h gerL$§riindf:rr?§: g,'[rglirso' rﬁgﬁgﬁ ?‘f Ceelﬁ;nzgéaia?ngyg'?rj; :/(Opztozr?ﬁl i‘;?lgeigtgﬁgggrzgﬁzvﬁeg examination _Vla an I-RES also revea} € comp. ex
microscopy (SEM). For the purposes of comparison, cells were and (b) non-fermentable YPG media for 72 h. Electron-transparent gas bubbles inside the fermenting cells > =" A o Reluthe ator s of G N O, At and O networks of intracellular bubbles that were present in fermenting

_ Py . purp P g increased with fermentation time from 24 h to 72 h and the 72 h aged cells were almost completely filled. bo theY(K/(l)rrengr;(lgng rlrslcrograp_ ld ° 'thea Ivtet a_om;g co?cen :ﬂ 'ons 0 d’ f. ' d’I u ?n : Str:n but not respiring yeasts Further use of these techniques should
grown in fermentable yeast-malt (YM) and non-fermentable yeast _Pronounced dark-stainipg, Iipid-_rich osmiophilic layers also appeared as fermentation progressed. Cells grown cgll an cuttures varied with sputtering time from the same detined focation in the Ih d wh b. bbl iqinate in b : t
extract-peptone glycerol (YPG) media. in non-fermentable media contained few electron-transparent gas bubbles. ﬂ — — n — — reveal nOw and wnere pupples originate In dbrewing yeasts..
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Cultivation in YM and NanoSAM TEM analysis of the SMA strain of Saccharomyces pastorianus grown in YM media for (a) 48 h and (b) 72 h. (a) YM media and (b) YPG media_respe_c_tively for 48 h. The negative atomic _ions_C', NH-, O, FREE STATE
) TOF-SIMS Smaller localized networks of bubbles are visible in both the 48 h and 72 h cells. Even though Auger- OH-, P-and S were tracked. The intensities were normalized at each sputtering time and are UNIVERSITEIT VAN DIE

YPG media, 72 h architectomics has revealed the presence of intracellular bubbles in yeast, the origin of the bubbles inside the  expressed as % relative amounts. YUNlVVEIETTSJIAc/I U V
cells remains a mystery. These smaller networks of bubbles, which seem to be centralized in certain regions of FREISTATA

TEM

the cell, provide some of the first clues as to where bubbles originate in fermenting yeasts.



