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What is
Saccharomyces
cerevisiae var.

diastaticus?
e Saccharomyces = Sugar fungus

e cerevisiae = from beer
 diastaticus = separation (of starch)
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When Yeast
Goes Variant

Variant: taxonomic
designation below
species and subspecies
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Grour V: More than 6° were fermented, ¢.c., the
final attenuation was below that of secondary yeast

(Brettanomyces)
Final Degrees
attenua- fer-
Species tion mented
Schizosaccharomyces octospms 1006-4 8-2
Schizosacch. pombé .. 10086-1 8-5
Schizosacch. pombé var.
maellacei . 1006-1 85
Schuosmh pamb! strain
liquefaciens 1006-1 8-5
Schizosacch. fnrmoscusts 1008-3 8-3
Schizosacch. saulawensis 1006-3 83
Schizosacch. japonicus 1004-0 106
Schizosacch. taito 1008-2 8-4
NEwLY ISOLATED
ORGANISMS
(1) Saccharomyces sp. . 1004-2 10-4
(2) Streptococcus sp. in
synergism with S.
cerevisiae 10086-9 77
Streptococcus  sp. in
synergism with Byr.
bruxellensis wvar.
non-membranae-
Jaciens . ..| 1002-7 11-9
(38) Lactobacillus “;p in
synergism th S
cevevisiae .. ..| 1008-4 8-2
Lactobacillus sp. in
synergism with Br.
bruxellensis var.
non-membranae-
Saciens 1002-8 12:0

Super Attenuation

of Beer

Andrews & Gilliland

Describe a “novel
species” in 1952

Later genomic
research (~1985)
reclassified as

S. cerevisiae variant
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What makes diastaticus different?

Starch degradation It’s in their Genes Molecular Machines
Maltotriose STA1
Maltotetraose STAD Extracellular
Dextrin =3 Glucoamlyase
Starch

BA
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The Central
Dogma:
Information

transfer within
cells
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CbNA

H

B cenera
CIENA B fpecial1

protein

How It works:

 Signal within cell

activates DNA
(gene)

« DNA transcribed

Into MRNA

« RNA converted to

protein by
Ribosome
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FIGURE 2. Restriction endonuclease maps of the STA and SGA genes from Saccharomyces. The structural
genes encoding the glucoamylases are highlighted. The restriction maps of STA1, STA2, and STAS3 are identical >
The middle and 3' regions of SGAT are identical to the corresponding regions of the STA genes.>**
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S. cerevisiae Gene (S2, S1, and SGA regions)

Rapid Methods for 291 511 1141
Detecting L Isis
Saccharomyces = 390 482 614 746 1233 1710
diastaticus, a Beer v
Spoilage Yeast, Using SeA e — 3006
the Polymerase Chain
ReaC tl on S. diastaticus Gene (STA1) and Primers Designed
H. Yamauchi, H. Yamamoto, Y. Shibano, N. I o IS It v
Amaya, and T. Saeki, JASBC 1998 | | = jea | BT e 2|
221_373 505 _ 992 ] 2753
SD-1A SDI-ﬁA '})-23 SL-GB
(246-266) (385-404) (541-561) (1234-
SD-1A SD-2B’ 1252)
(246-270) (539-561)
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Brewing with diastaticus

Apparent Gravity vs Time Strains:

* Brewing Science Institute
A-18 London Ale Ill (STA1-)

* White Labs WLP566
Belgian Saison Il (STA1+)

* Voss Kveik (STA1-)

e STA1 positive yeast took longest to
reach terminal gravity, lower FG
than STAL1 negative yeast!

0 1 2 3 4 5 6 7 8
BS1 Al8 e==\WLP566 Voss Kveik
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Not all

diastaticus
Fermentations
are the same

Saccharomyces cerevisiae variety
diastaticus friend or foe?—spoilage
potential and brewing ability of different
Saccharomyces cerevisiae variety
diastaticus yeast isolates by genetic,
phenotypic and physiological
characterization.

Tim Meier-Dornberg et al, 2018
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Figure 6. Drop in specific gravity measured in a single reference vessel compared with the average in final gravity (marked with box) measured in triplicate for the
tested yeast strains DSM 70487, TUM 1-H-7, TUM PI BB 121, TUM PI BA 124, TUM 71, TUM 3-H-2 and TUM 3-D-2; confidence level 95%.
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Differences in Fermentation
Related to Different Gene Expression

a Legend
Dextrin consumption in beer .| “:N ” ..-
arowninveer [ I R ]| &
| 2
1
0

Growth on starch agar -

Dextrin consumption
rate in YNB-Dextrin

Dextrin consumption
in YNB-Dextrin

B Not available

<«—— Increased diastatic ability
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A deletion in the STA1 promoter determines maltotriose and starch utilization in STA1+ Saccharomyces cerevisiae strains. Krogerus et al 2019
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Differences in Fermentation
Related to Different Gene Expression
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A deletion in the STA1 promoter determines maltotriose and starch utilization in STA1+ Saccharomyces cerevisiae strains. Krogerus et al 2019 HA
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Diastaticus as a Contaminant

Locations, Effects, & Detection
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What

happens
when

diastaticus
IS
present?

#CraftBrewersCon

Potential Impacts

Over-attenuation

« Final gravity 1.004 or less
» Flavor imbalance
« Package failure

» Bottle bombs or Can shrapnel =
SAFTEY ISSUE!!

Phenolic Off Flavor
* Not all strains POF+

Sediment/haze
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Where does contamination occur?

° Table 3. Number of findings of S. cerevisiae var. diastaticus and type of
B reWh Ouse contamination per year from 2008 to June 2017
" Type of contamination and
° 3
P | peWO rk Finding number of positive findings®
$ P |t C h | N g y e aSt Year Negative  Positive Primary Secondary
2008 0 1 0 1
- 2009 0 1 0 1
» Fermentation cellar 2010 s 4 2 2
P k i | q 2011 11 4 1 3
° 2012 4 5 1 4
ackadging lines 013 ] " - 3
2014 3 3 0 3
2015 10 17 5 12
: ) 2016 18 19 7 12
Incidence of Saccharomyces cerevisiae 01-06/2017 7 4 1 3
var. diastaticus in the Beverage Industry: Total 64 126 62 18 6 44
Cases of Contamination, 2008-2017
_ _ ¥ 2 Primary contamination is in the brewhouse, fermentation cellar, and
Tim Meier-Doérnberg et al 2017 storage cellar, and secondary contamination is in the bottling hall.
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What is the level of risk?

TABLE 111

Determination of the Minimal Tolerable
Level of S. diastaticus in a 12-0z. Bottle

of Beer
~ . Low Cell numbers can still
0. OF OTTLES
CriLs Pex Borries SURVIVING cause problems!
BoTTLE INOCULATED TEsT 2
2.200 H 0 Best practice: Zero Tolerance
200 8 0
100 3 )]
) 4 0 The Viability of Minimal Numbers of Saccharomyces diastaticus
20 8 0 in Beer, Robert P. Greenspan (1966)
10 8 0
5 4 1
4 6 6
Total 54
a No precipitation after at least six weeks at 29°C. E ‘
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Methods of Detection

Polymerase
Chalin
Reaction
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% RECOVERY NBB VS. YPD + CuSO,
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2018 VS 2019

LCSM
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IOYB64, % RECOVERY VS NBB
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Optimizing LCSM For Diastaticus

WLP 565, % Recovery on LCSM STA1+ #20D-0206, % Recovery on
120.00% LCSM
100.00% 120.00%
P
§ 80.00% 2\100.00%
O 80.00%
S 60.00% 2 -
& S 60.00%
0,
S Rl X 40.00%
20.00% = 20.00%
0.00% 0.00% v \
0 100 200 300 400 500 600 0 100 200 300 400 500 600
CuS0O4, ppm CuS0O4, ppm
—e—Yeast #4: 0.5g (NH4)2-SO4 Yeast #4: 0.75g (NH4)2-S0O4 —e—Yeast #206: 0.5g (NH4)2-SO4 Yeast #206: 0.75g (NH4)2-S0O4
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Polymerase chain reaction - PCR

original DNA
to be replicated 5 3 5 3/

s = = / IIH£ o 11185011
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& T1152110
B ’ 3‘/ \o
1rretnn O 9“‘
Ty s
3’ 5’ e

» & mum 5 ¥
¥ o | » z \ |uum &  hhbhhbh |
‘ DNA primer 5 3’ 5°

S
W
@
@ o @
&
<
=X,

nucleotide
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TN A

o Denaturation at 94-96°C
e Annealing at ~68°C

€) Elongation at ca. 72 °C B
Enzoklop - CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=32003643 11

!
|}
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Forward primer
5I

LU RIS CRL UL L
<h 3'

R R S LT PP

3I

S 3

: : 3

A Primer 3|

on s
everse primer
P rl mers « Short, single-stranded nucleic acid utilized in

the initiation of DNA synthesis

Both Forward and Reverse Needed to Amplify
Gene of interest

By Zephyris - CC BY-SA 3.0,

https://commons.wikimedia.org/w/index.php?curid=26794032 m
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Amplification Plot
1000000

100000

Real
Time
PCR

B FAM B ROX M HEX ECy5

« DNA amplification detected by
fluorescent dyes

« Can be visualized in Real Time!
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Thank you!

BREWING B DISTILLING

BDAS

ANALYTICAL SERVICES

Team BDAS

Chuck Skypeck and BA Staff
Justin Levaugn

Jess Caudill

David Bryant

Lance Shaner & Laura Burns

Karen Fortmann & Kara
Taylor

Spencer Weeks

Tom Boudreau & Dir.
Matthew J. Farber



