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Yeasts:  Single  cell  Fungi  -­‐‑  Over  1500  species  known  –  Number  will  increase	

	

	

	

	

	

	

	

	

	

	

	


For  single-­‐‑strain  brewing,  mainly  three  genera  are  used:	

	


Saccharomyces,  Torulaspora  delbrueckii,  Dekkera/Bre8anomyces	


S.  cerevisiae	


Different  cell  sizes  and  morphologies	

	


Different  colors  and  colony  shapes	




“strains of S. cerevisiae are rarely if ever present

on the fruits and berries of wild species of plants”

The Life of Yeasts - Phaff et al. 1978

S. cerevisiae must be associated with some other
ecological niche …

Peynaud and Domerq.1959. A review on microbiological problems in wine making in
France

H. Phaff, A. Martini – 1980’sWhere  is  this  yeast?	


Ale yeast, pure strain, can be isolated from Oak bark (17%), forest soil (14%), rotten 
wood (9.2%), orchard soil (9.1%), fruit samples (6%) (grapes are the lowest success 
rate!!) 

Wang, QM et al., Mol. Ecol. (2012) 



Mortimer and Polsinelli 1990’s

Origin of the yeasts vectored by insects is unknown

Damage of
grape
berries

Healthy grapes

S. cerevisiae absent

Insects feed on 
damaged grapes

and transport microorganisms 
(including S. cerevisiae)

S. cerevisiae 
enters the winery
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1. Most grape berries do not have S. cerevisiae (1/1000)

2. Damaged berries have much higher frequencies of S. cerevisiae (1/4)

Where  is  this  yeast?	




S. cerevisiae

S. paradoxus

S. cariocanus

S. mikatae

S. arboricolus

S. kudriavzevii

S. pastorianus
S. bayanus
S. uvarum

Sampaio and Gonçalves. 2008. Appl Env Microbiol 74: 2144-2152   

and unpublished work

Quercus pyrenaica 73%

Quercus faginea 71%
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Localities Samples

Europe

(Portugal, Germany)

164

North America 96

(Canada)

South America 52

(Argentina)

Oceania 64

(Tasmania, New Zeal.)

Asia 155

(Japan)

Total 531
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The tree bark system harbors multiple (all?) Saccharomyces
species



pyruvate 

decarboxylase


alcohol

dehydrogenase


lactate

dehydrogenase


acetic  
acid acetaldehyde


dehydrogenase

Louis Pasteur 

Emil Christian 
Hansen 

Joseph  
Gay-Lussac 

Alba-Lois, L. & Segal-Kischinevzky, C. (2010) Nature Education 3(9):17, Stryer, L. Biochemistry, 4th edition (1995) 

Homo sapiens 
Saccharomyces Saccharomyces 

Brettanomyces Brettanomyces 

N. Hjelte  
Claussen 

Total ~30-32 ATP (not 36) 



There  is  a  wealth  of  information  out  there  for  (home)brewers  to  use	

	

Why  do  this?	

	

-­‐‑  Homebrewers  want  to  push  the  envelope	

-­‐‑  Control  over  your  fermentations	

-­‐‑  Isolate  your  own  strains  from  cool  boPles	

-­‐‑  Save  some  $$  	

-­‐‑  Keep  your  own  stocks	

-­‐‑  Confidence  in  your  own  work	

-­‐‑  No  need  to  be  an  expert/microbiologist	


What  do  you  need?  Where  to  start?	

	

-­‐‑Yeast  by  Jamil  Zainasheff  and  Chris  White  (9  dollars  on  Am)	

-­‐‑hPp://www.maltosefalcons.com/tech/	

yeast-­‐‑propagation-­‐‑and-­‐‑maintenance-­‐‑principles-­‐‑and-­‐‑practices	

hPp://homebrewtalk.com	

hPp://realbeer.com/spencer/yeast-­‐‑culturing.html	

hPp://www.themadfermentationist.com/	

hPp://www.brePanomycesproject.com/	

hPp://jaapie.org	

Etc….	

	

	

	

	




Ok…we  have  the  info.  What  do  we  really  need?	


1.  Notebook 	
 	
 	
5  dollar	


The  most  important  piece  of  your  laboratory.  Keep  good  notes  –  you  will  come  back	

To  them.	

	

2.  Pressure  cooker 	
 	
50  dollar	


A  pressure  cooker  is  also  really  handy  in  the  kitchen!	

	

3.  Bunsen-­‐‑burner 	
 	
2.30  dollar	

	

Do  not  use  an  alcohol  lamp.  The  flame  is  too  slow.  Hook  up  to  a	

small  propane  burner.	

	

4.  Glassware	

	

Spend  as  liPle  money  as  possible.  Reuse  sauce  jars,  jam  jars,  ball  jars.  Buy  some  glass  
tubes  with  black  screwcap,  and  some  erlenmeyers  (total  ~30  dollar).	

	


	
 	
	

	

	




5.  Stirplate 	
 	
 	
12  dollar  (+5  dollar  stirbar)	


hPp://www.homebrewtalk.com/f51/my-­‐‑shamelessly-­‐‑cheap-­‐‑12-­‐‑diy-­‐‑stir-­‐‑plate-­‐‑338695/	

	

	

	

	

	

	

	

	

	

6.  Inoculation  loop 	
 	
5  dollar  for  3	


7.  Petri  dishes                                                                          10  dollar  for  5,  glass	


8.  Agar	
 	
 	
 	
Telephone-­‐‑brand,  Asian  supermarket	


9.  Spray  boNle 	
 	
 	
5  dollar	
 	
 	
	

	

	

	

	

	




10.        Stuff  you  already  own:	

-­‐‑  Microwave	

-­‐‑  Aluminium  foil	

-­‐‑  Lighter	


11.      Microscope  and  accessories:	

-­‐‑  Phase  contrast  if  possible,  50  -­‐‑  1000  dollar,  ebay  etc…	

	




Yeast Starters: Aerobic conditions result in greater cell mass (and good for fatty acids sterols)  

9 grams per liter of glucose: Crabtree effect will force cells into fermentation mode 

9 grams/liter = 1.0035 = 0.9 °P     

-  Use low gravity wort for starters  
-  Aerate continuously (aeration stone, shaker, no pure O2) 
-  Add yeast extract (servomyces/boiled yeast cells) 
-  add protein source (nitrogen/amino acids) 
-  its ok to grow the cells at 30 °C (86 °F) 



Work  “under  a  flame”,  do  not  rush,  make  sure  everything  is  close,  flame  everything	


Do  not  wear  gloves  like  these  …people.	


Work  Sterile	








Solid Media 
(2% peptone, 1% yeast 

extract, 2% maltose - agar 
plates and 

potato-agar* plates) 

“Air 
incubate” 
for 24-48 h 

Incubate at 
25 °C (77 
°F) for 2-3 

weeks 

“Air 
incubate” 

for 1-6 
weeks 

Low Gravity Liquid Media 
(2% peptone, 1% yeast 

extract, 2% maltose) 

High Gravity Liquid Media 
(2% peptone, 1% yeast 
extract, 30% maltose**) 

“Air 
incubate” 

for 1-6 
weeks 

Streak fermenting 
liquid/ colonies 
 on YPM  agar 
Supplemented 

with  
100μg/ml 
ampicillin 

*http://en.wikipedia.org/wiki/Potato_dextrose_agar 
**F. Noé Arroyo-López et al. Int J of Food Microbiol 131 (2009) 120–127 
   

Ferment and isolate 
organisms 



Both YPM and potato agar showed growth Both high-gravity and low-gravity YPM showed growth 

Stereo Microscope 

streak and select single colonies 

grow small  
(5ml) cultures 



Micrographs phase contrast (FOV 50-72μm)  





	
  	
   Ini%al	
  Growth	
   Gravity	
  (P)	
  (6	
  weeks	
  in)	
   Smell/Taste	
  

Air1	
   	
  	
   No	
  Fermenta%on	
   -­‐	
  
Air2	
   	
  	
   No	
  Fermenta%on	
   -­‐	
  
Air3	
   	
  	
   13.1	
   ok	
  
Air4	
   	
  	
   Did	
  not	
  grow	
   -­‐	
  
Air5	
   	
  	
   Did	
  not	
  grow	
   -­‐	
  
	
  	
   	
  	
   	
  	
   	
  	
  
NY13.2	
   	
  	
   4.5	
   Grainy,	
  Fruity,	
  Pleasant	
  
NY3.1	
   	
  	
   14.3	
   Very	
  awful	
  -­‐	
  discard	
  
	
  	
   	
  	
   	
  	
   	
  	
  
W1	
   	
  	
   5.3	
   Very	
  Clean,	
  Honey	
  
W2	
   	
  	
   5.6	
   Tart,	
  Citrus	
  
W3	
   	
  	
   No	
  Fermenta%on	
   Very	
  Ropey	
  
W4	
   	
  	
   14.5	
   ok	
  
W5	
   	
  	
   15.9	
   ok	
  
W6	
   	
  	
   16.1	
   Dumped	
  
W7	
   	
  	
   14.7	
   ok	
  
W8	
   	
  	
   6.8	
   Grainy,	
  pleasant,	
  fruits	
  
W9	
   	
  	
   16	
   Discarded	
  
W10	
   	
  	
   No	
  Fermenta%on	
   	
  	
  
W11	
   	
  	
   No	
  Fermenta%on	
   	
  	
  
	
  	
   	
  	
   	
  	
   	
  	
  
YF1	
   	
  	
   14.7	
   Discarded	
  
YF2	
   	
  	
   Did	
  not	
  grow	
   	
  	
  
YF3	
   	
  	
   6.3	
   ok	
  
YF4	
   	
  	
   12.4	
   ok	
  
YF5	
   	
  	
   5.6	
   Rancid	
  buXer	
  
YF6	
   	
  	
   4.5	
   socks	
  
YF7	
   	
  	
   No	
  Fermenta%on	
   	
  	
  
YF8	
   	
  	
   14.3	
   ok	
  
YF9	
   	
  	
   Did	
  not	
  grow	
   	
  	
  
YF10.1	
   	
  	
   6.8	
   apple,	
  fruity	
  loops	
  
YF10.2	
   	
  	
   15.2	
   BiXer	
  smell/taste	
  
YF11	
   	
  	
   4.6	
   Socks,	
  sweat,	
  locker	
  room	
  
YF12	
   	
  	
   14.4	
   ok	
  
YF13	
   	
  	
   Too	
  bad	
  to	
  measure	
   Discard	
  
YF14	
   	
  	
   6.1	
   	
  	
  
YF15	
   	
  	
   2.6	
   Sour	
  Apples,	
  Tart	
  
YF16.1	
   	
  	
   15.2	
   ok	
  
YF16.2	
   	
  	
   5.1	
   BreX,	
  tart,	
  nice	
  
YF17	
   	
  	
   13.3	
   Not	
  very	
  great	
  
YF18	
   	
  	
   16.1	
   Very	
  awful	
  

YF19	
   	
  	
   14.6	
   Taste	
  is	
  biXer	
  aroma	
  clean	
  
	
  	
   	
  	
   	
  	
   	
  	
  
WB1	
   	
  	
   7.1	
   Aroma%c	
  BreX,	
  Fruity	
  
WY1	
   	
  	
   5.1	
   Clean,	
  ok	
  
WY2	
   	
  	
   5.1	
   Clean,	
  ok	
  
LRB	
   	
  	
   0.5	
   Clean,	
  fruity,	
  BreX	
  
Fantome	
   	
  	
   8.05	
   Nice,	
  belgianesque	
  

8 out of 41 enjoyable after 
just 6 weeks 
 
 
All fermenting ones have  
been bottled 
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Where are we now 



~4000  BC  Egyptians	

Used  yeast  to  rise  
bread  –  used  it  for  

beer  as  well.	


Evidence  of  fermented  
beverages  found  in  neolithic  

(~9000  BC)  poPery	

Jiahu,  China  	


~4300  BC  Babylonians  
brewed  beer	


~55  BC	

Romans  

introduced  
beer  to  Europe  
(Cerevisia)	


1000AD  –  Hops	

Enters  the  scene	


1420AD  –  Germans	

Develop  lager  

brewing	


1516AD:  	

Rheinheitsgebot	


1595AD:  Hans  &  
Zacharias  Janssen  

develop  1st  
microscope	


1683AD:  Antonie  
van  Leeuwenhoek  
describes  bacteria  

&  yeasts	


time	

1789AD:  Antoine	


Lavoisier  
deciphers  mass  

balance  of  
fermentation  	


C6H12O6  +  Yeast  →  2  C2H5OH  +  2  CO2	




1815:  Gay-­‐‑Lussac  
finds  that  alcohol  is  
formed  by  yeast  

without  air  present  	


1835AD:  Charles  
Cagniard  de  la  Tour  
described  budding  
yeast.  Yeast  are  alive.	


1883:  Emil  Christian  
Hansen  identifies  

lager  yeast,	

Saccharomyces  
pastorianus  	


1876AD:  Louis  
Pasteur  shows  yeast  

ferments  
anaerobically,  and  
describes  lactic  
fermentation.  	


1890AD:  
Hermann  
Müller  

ferments  wine  
with  pure  yeast  

cultures	


1943AD:  Carl  
Lindegren    discovers  
the  mating  types  α  
and  a,  and  elucidates  
the  yeast  life  cycle.	


1940:  Glycolysis  
(glucose  to  pyruvate)  

elucidated	


1996:  Complete  genome  of  S.  
cerevisiae  is  sequenced.	


2011:  Original  Lager  strain  
(S.  eubayanus)  isolated  from  

tree  bark  in  patagonia	




All  life  on  earth  can  be  divided	

in  three  domains:	


	


Bacteria	

Archaea	

Eukaryotes	


	


“Yeast”  and  Man  are  very  alike	

	

-­‐‑  Similar  metabolism	

-­‐‑  Cell  structure/machinery	

          shows  overlap	

-­‐‑        Likes  to  hang  out  in  the  same  
places	


Yeast:  ~1500  species	

	

Two  species  are  of  interest:	

-­‐‑  Dekkera/Bre8anomyces	

-­‐‑  Saccharomyces	

	




Where  is  this  yeast?	


The primary and exclusive habitats of S.cerevisiae are 

the various surfaces of the winery

Winery

2

S. cerevisiae does not exist in natural environments
– it is therefore a domesticated organism



Isolating  Yeasts  -­‐‑  	



