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CHEM 496 Topics in Chem & Biochem:
Biochemistry, Physiology & Neurochemistry
of Beer, Wine & Alcohol

Block | — Introduction to Biochem of Yeast and Fermentation

Course Expectations

Student Learning Objectives: The goal of this course is fo improve your understanding of the
scientific principles of metabolism, biomolecule structure function, the production and analysis of
alcohol and the impact on body and mind. Students will use methods of chemistry and
biochemistry to better understand the importance of science in the effects of liquor on the
human body. To achieve these goals, sfudents will learn the concepts and principles of
macromolecular molecules and their reactions as they learn about each topic. Students are
expected to lead journal article discussions in the second half of the course to examine the roles
of alcohol on human physiology and neurochemistry.

Upon completion of this course, students will be able to:

1. Understand the basic biochemistry of fermentation and role oxygen plays on microorganism
output

Des?:ribe the unique chemistry of different types of alcohol and how they are made
Know the biochemistry of flavors of alcohols and how they are perceived in food pairing
Appreciate the use of alcohol in different cultures both historical and modern times
Assess the impact of alcohol on human physiology, toxicology and repair

Identify some of the genetic causes of alcoholism and addiction

Discuss the basic neurosignaling of reward and addiction using a biochemical approach
Outline the result of alcohol addiction on physiology and neurobiology

Discuss and predict novel molecular approaches to alcohol addiction and withdrawal.
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Grades and my expectations...

Grading:

- Four exams.

- In class discussions

- Journal Presentation

4 x 100 pts = 400 pts
4x Spts= 20 pts
30 pts = 20 pis
TOTAL = 450 pts

Attendance Policy: Attendance is required; it is critical for. There are a number of in-class
activities and quizzes that cannot and will not be made up.

COVID Policy

Slack as a form of communication and SAFETY!!I!

What are YOUR expectations?

Schedule, Exams
and Assignments

Course Organization — The course is
organized into four x 3 day blocks.

* Blocks | & Il are on BWA science of
roduction, content and reactions

aging...).

* Block Ill will cover biochemistry and
Bhyésmlogy effect of EtOH in human
oay

* Block IV will cover the neuroscience of
EtOH abuse, addiction and treatment

Journal Club - Students are randomly
assigned to a JA group. Each group will be

iven a journal to present using a basic
ormat. All students will read and will be
randomly called on to ask questions 4 X 5
pts each.

Exams — Four exams, one per block.
Students will be given 7-10 possible
questions and given time to team study in
class. 5 of the questions will be on the
handwritten exam (no notes) the first 50
min of the following class day.

Class

Date

Activity

Assignments/Notes

1 Thurs | Introduction to macromolecules: proteins, carbohydrates, yeast Text chapter 1, 4 and
Jan 5 | biology, yeast metabolism, and fission chain alcohols handout
2 Fri Fermenting and Finishing Wine, wine types and their chemistry Text chapter 1, 4 and
Jan 6 | and properties of aging wine handout
) Mon Flavor profiles of wine, science of food pairing & historical Text chapter 1, 4 and
Jan 9 | development of alcohol in Italy and across the developing world | handout and select
- Groups 1&2 present journal article journal articles
- Group work on Iecrning ob{'ecﬁves
4 Tues Exam 1 Text chapter 8 and
Jan 10 | Fermentation of Beer, starting products, chemistry of processing handout and select
journal articles
5 Wed | Hopps and oils, and reactions of beer aging, ACS Handout - the
Jan 11 | Glenetics of microbes used for beer history of and
Distillation and introduction to hard liquors chemistry of alcohols
6 Thurs | Chemistry and flavor profiles of tequila, whiskey and rum. ACS Handout - the
Jan 12 | - Groups 3&4 present journal article history of and
- Group work on Ieaming ob{ecﬁves chemistry of alcohols
7 Fri Exam 2 Linked Journal
Jan 13 | How are ethanol and other alcohols metabolized in the body, Articles and ACS
alcohol-drug interactions and alcohol poisoning. Handout
8 Mon | Physiology and genetics of alcohol metabolism, flushing Linked Journal
Jan 16 | syndrome and NAD dependent aldehyde dehydrogenase. Articles
9 Tues Effect of chronic alcohol intake on nutrition and damage to Linked Journal
Jan 17 | various organs. Articles
- Groups 5&6 present journal article
- Group work on Iecrm'ng ob{'ecﬁves
10 Fri Exam 3 Neuroscience and
Jan 18 | The neurobiology of signaling and addiction Linked Journal
Ethanol as a positive reinforcer, dopamine and opiate signaling Articles
11 Mon | Neurochemical mechanisms of alcohol withdrawal neurobiology of
Jan 19 substance use abuse
and addiction.
12 Tues Biochemistry of freatments for alcohol addiction
Jan20 | - Groups 7&8 present journal article

- Group work on learning objectives
Online Exam 4
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Journal Club Format

15-20 min to present the selected journal article.

1)

2)

3) Introduce the graph/table/figure — focus first on the axis showing

Concise description of the purpose / hypothesis of the article

Use the introduction to organize your introduction of the journal article — what is the big
unknown or gap that this paper wants to examine.

What is the main conclusion. | hMDH1
Share key definitions or unknown concepts 6000 I — hMDH2
— $45D
T85D
— §222D
— T224D

Present the key two or three experiments

FU

o
To do this.... What were the scientists trying to 40009

discover? The key question.

They did this (experiment) simply describe the 2000 T

T
. . 0 20 40 60 80
assay/technique of the experiment Temperature (°€)

what is where... « ALL students will have read both

4) THEN walk through the results highlighting trends.

papers and ready to ask a

question when called on.
5) Main conclusion (what did they find out) 2 possible test questions will
come from these papers!

Final WDIC moment (why do | care? The big final conclusion)

Introduction to biomolecules, yeast biology and
yeast metabolism (fermentation)

Learning Objectives:

Understand the molecules involved in creating Beer, Wine and Alcohol (BWA)
Know the mono and di saccharides involved in fermentation

Recognize the key starches involved with BWA fermentation, know the structure, where they are
found and relate to metabolism

Understand the basics of amino acids and proteins

Relate the structure and role of other key molecules in the production and flavors of BWA,;
including acetaldehyde (and related compounds), terpenes and fusel alcohols.

Pesg\r}i&)f the basics of yeast biology and their nutrient needs as it relates to the production of EtOH
or

Relate various strains of yeast for BWA fermentation and understand how genetic manipulation can
change the process of fermentation and its yield.

Know the basics of glycolysis (not each step) and relate how this pathway integrates with other
metabolic processes.

Understand how oxygen and reducing equivalents (NAD+/NADH) drive the fate of pyruvate
Explain the metabolism and causes for the metabolism during basic fermentation
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Difference between wine, beer and liquor

Beer, wine and liquor — all the result Beer — starches from seeds, adjuncts for

of fermentation (aka metabolism aka flavor; un-processed
respiration) of sugars. The source of Wine — glucose and fructose from grapes;
the sugar, and how the fermentation unprocessed
is processed makes the difference Liquor — Sugars from a variety of sources;
between each type of ethanoic drink ethanol concentrated by distillation
Alcohol Raw Sugar Starting Material Additional Processing
Wine Grapes or Fruit Aging for oxygen and tannin reaction
Beer Barley, wheat, rice, corn Added hops and adjuncts for flavor and minimal aging
Mead Honey, some add fruit or spices Solids are settled by gravity
Cider Primarily apples, some other fruits Pectin is removed by precipitation and solids settled
Sake Polished white rice Molds digest starches for yeast, additional alcohol added, solids filtered
Vodka Potatoes, grains (wheat, rye), fruit Distillation and rectification (repeated distillation for high alcohol content)
Tequila Aguave cactus, sugars, pineapple Distilled. Silver — bottled after distillation, Anejo/Reposado - aged in barrels
Rum Sugarcane products, juice & molasses Distilled and aged in oak casks for color and flavor
Whisky Barley, corn, rye, wheat Distilled using copper to remove sulfur and aged in oak barrels or casks

Carbohydrates / saccharide biochemistry

Carbohydrates are hydrated carbons and are organized based on
the monomer — polymer status

Carbohydrates
CHOH CH,OH |
Q Q CHOH | | | |
monosaccl harlde (glucose) HOCHZ Monosaccharides Disaccharides (]ig)sacx:harides desacx:handes

disaccharide (s ucrose) I
CH,O0H CH,OH CH,OH CH,O0H | | Mo &
Ketose O Vo noee
LN S S e o o
eg. Lactose reducing eg. Starch, g Heparin

polysaccharide (amylose starch) Maltose eg. Sucrose Cellul

‘ Simple sugars = mono and di saccharides. Complex sugars = oligo and poly saccharides
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Monosaccharide Structure and Naming
TS [T © e simplest

Functional Aldehyde Ketone aldose and
Group ketose are both
Simplest Glyceraldehyde Dihidroxyketone trioses—
Member containing 3
5 2 s a carbon atoms
\C/ \C/ CH,OH
| | e * HEXOSES are
HO—C—H or H—C—OH c=0 the most
| | |
CH,OH CH,OH CH,OH abundant sugar
1-Isomer p-Isomer in nature (th|nk
Glyceraldehyde Dihydroxy- g I ucose )
acetone

9
Recall hemi | Anomeric
. .
ecall hemiacetals: R_O/“/\(/“ = - Carbon
OH weak nucleophile o '\\O o ‘\OH
Acid protonates C=0 Alcohol Aldehyde Hemiacetal
Then OH nucleophilic attack CH,0H
H O P
* Example: The Py Tk S
aldohexose glucose ! oy fomon - 1O Np i O
undergoes an o 61 BT O M EoE
INTRAMOLECU LAR H_' (L_OH e ﬁ‘l\CI)I‘I 2]‘1 1 (\ Cyclization a-p-Glucopyranose
. \ HO "N o CH,OH
reactiontofroma  u-c—ou b on S R S
cyclic hemiacetal: a = *lwon . ga o N
pyranose peGlucose ) 0 N
H OH
Pyran p-p-Glucopyranose
HAWORTH PROJECTION FORMULAS
Readily reversible reaction with the addition of acid or base!
10
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Cyclic Form of Monosaccharides: Ketoses

* Similarly, ketones react w/ alcohols to make hemiketals
* Ex: hexaketose fructose forms a 5-membered ring: furanose

HOH,C 0 CH,OH

HO
OH

OH H

"o / wotmonue  MUtarotation
vl 11011( (11011

e happens between
H—c—oH H\}\l1 HO/ \\

| a and B forms
N \
“(lzugon Hom,C _—~O~_ oH
p-Fructose O, H HO
H CH,OH
\/ ’

OH H
Furan B->-Fructofuranose

Cyclization

HAWORTH PROJECTION

Fischer—Left: Haworth—Above FORMULAS
Fischer—Right: Haworth--Below

11

COl I 'I I lon I I lonosaCCha rldes Glucose Galactose Fructose
Fermentable sugars: Glucose and Fructose are found in e e P

many fruits and in low amounts in seeds. ol ol od

Dextrose IS glucose. Often called dextrose when made in " : on Ho : " n—(: o

plants or microorganisms H—g—on H—g—on H—g—on

Galactose is primarily a produce of lactose hydrolysis o e

during metabolism T o

oH on >
OH OH oH CH,O0H
CHon OH OH OH OH
O OH o_OH Rhamnose — naturally occurring
HO CHs deoxy sugar. Main role is in
QSIS IIEETSeL ELTS TSNl BN on*fermentable (not metabolized by veast) sugars
OH OH OH glycosides of cell wall - arabinose, rhamnose and xylose are present in

Arabinose — part of O oH fruits used for wine and remain in the final
polysaccharides and glycolipids HO product.

and found in hemicellulose and o These sugars help to create “mouthfeel” in dry
pectin. Inhibits the enzyme HO OH wine and beer along with unmetabolized sugars

. . Xylose — sugar produced
that digests sucrose in humans for use in cell wall and Mouthfeel -tactile sensations from
and has been used as a non- . . . .
calorie sweetener stems/seeds density, viscosity, and surface tension
12
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Sweethess

The taste “sweet” is due to occupancy of the T1R2 taste receptor.

Sucrose index is set as 1, Glucose = 0.8, fructose= 1.7 and sucralose= 600. The
index is a function of sugar binding affinity to the receptor.

Activated the receptor signals to sodium and calcium channels to initiate nervous
signal.

Sweet receptor multiple binding sites

aLy

Papillae Ataste bud

13
* Dehydration / condensation of two monosaccharides yields a
disaccharide
* Bonded by special C-O-C bond called a glycosidic bond
CONDENSATION
HO—CH, HO—CH, O HO—CH, HO—CH,
2
O H O H
-L> H OH H
OH OH HO o) OH
OH H OH
1-4 o glycosidic bond
Glucose Glucose Maltose
14
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Two Orientations of Glycosidic Bond

CH,OH

H

* a.or 3 —where is the link
from the lead sugar?

* a-glycosidic bond — OH fall
below the plane

CH,OH
* B-glycosidic bond—the OH O, OH
from the sugar is above
the plane

15

Common Disaccharide

sucrose = table sugar - glucose and fructose (alpha linkage)

Adding sucrose to wine or beer fermentation is used to produce

CH,OH more ethanol.
H O H CHZ%H H The process of adding extra sucrose is called chaptalization or

OH H H HO enrichment
OH o CH,OH - Used to compensate for low quality grapes (low sugar content g

H OH OH H but is standard in Champaign production ‘

- process legally limited in many countries.
*THE- A
ANATOMY Fruit set Véraison Ripe
OF A GRAPE

Vacuole

’ Phloem Glucose

Cell expansion
—>

,

Cell division

P Cell expansion
’

Sucrose
Invertase

Fructose:

Fructose
Invertase

Phloem == Sucrose

Time after flowering

16
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. . OH
Common Disaccharide HO&
HO Hoo

OH
= two glucose molecules (alpha linkage) o
Result of amylase digestion of amylose on HO 1o
* Germinating seeds express amylase to breakdown Ho A on Alpha 1-D Maltose "o
complex polysaccharide for glucose use in plant oHY 0

HO. OH

seed growth. OHO%
Oligosaccharide HO OH

* In beer making the metabolism of amylose
process is called malting and the product of the Maltotriose or maltodextrin (3 glucose monomers)

glucose maltose

metabolism is named after the process
* Sucrose is NOT a reducing sugar, but maltose with
one anomeric carbon is a reducing sugar
*  ~30% as sweet as sucrose
* Humans can hydrolyze the glycosidic bond
Also produced by amylase digestion of amylose starch
- Both maltose and maltotriose can be transported
into yeast for metabolism/fermentation

glucose

maltase
glucose maltose
“maltose phosphorylase

1ATP

glucose-6-P «— glucose-1-P 4=
1ATP

maltotriose,
phosphorylase

fructose-1,6-PP

B glucosidase
-

4ATP
2 pyruvate

2 ethanol +2CO,

maltotriose

H

17

Inverted Sugar in fermentation

Inverted sugar (aka inverted syrup)

OH
OH Ho HO.
e, O "ok, H hovl O 2 o
HO + HO0 —— + HO
HO OH © HO HO HC
HO OH HQC\OH OH OH OH 2¥~0OH

Hydrolysis of sucrose into its monosaccharides glucose and fructose
Two ways to produce inverted sugar

- Heat (236°F/114°C) in presence of weak acid (lemon juice or cream of tartar) or
sulfuric acid — optimum pH~4.0

- Use the enzyme invertase (aka sucrase). Enzyme hydrolyzes the glycolytic bond of
sucrose. Produced in yeast and bees (honey is sucrose, glucose and fructose mixture)

During ripening of fruit, sucrose is converted to fructose and glucose by invertase.

High fructose syrups are when all sucrose is inverted and then glucose converted to
fructose.

In yeast — Yeast can not directly metabolize sucrose. Instead, yeast invertase produces
glucose and fructose which both can enter fermentation pathway

18
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Polysaccharides are Complex Carbohydrates

g &
Long chains (branched or & *
unbranched) of 2

monosaccharides

o
i |

e

Dietary— starches Starches like those found in baked breads
. . . includ tii d 1 tii
Nutritionally Unavailable —fiber, "< "¢7e andemyopecn

gums, pectins... @ W @ Q-

CH,OH CH,OH CH,OH CH,OH
O, O 0. 0.

o
|
CH,
o)
O 0 o] (o] (O I

Amylopectin

19

A cartoon of Amylose

Starches <= OO L))

An amylose polymer is made of ~1,000 glucose monomers attached in one long extended chain
Plant Starches Made of

a cartoon monomer of glucose
glucose monomers A cartoon of Amylopectin /

- Amylose - unbranched %@—Q—QO

- Amylopectin — branched
at several points :

Homopolysaccharides

Amylose efficiently packs into

strands coils and tightly binds
rotein — protecting proteins
rom enzyme degradation

*  Amylopectin —forms

Ia_rge tangle_s and poorly An amylopectin polymer is made of ~5,000-
binds prOtelnS 20,000 glucose monomers arranged in long

. chains with hundreds of short branching chains
*  Amylase — enzyme which
hydrolyzes the starches

Glycogen — animal starch found in muscle and liver —
similar to amylopectin as a branched glucose polymer

20

10
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Anatomy of a grain seed

Starches for Beer

Kernel — Endosperm, used
to make white flour.

Germ — Embryo — where the
sprout emerges, Filled with
oil and nutrients.

Bran — Protective outer shell
of the kernel. Fiber
supplement

\ \

Endosperm \
- Starch (Complex Carbohydrates - flour)

- Limited proteins

- B Vitamins

endosperm (modified)

acrospire
Aleurone
- Outermost layer of endosperm alelrone
- Lining made of specialized cells b
- Contains most of nutritional whole rootfety
grain components

Bran - Just under the hull/husk
- Insoluble carbohydrates (Fiber)

endosperm
(unmodified)

Figure 2: Cross-section of barley grain during germination

- Trace minerals, phenolic compounds
- B Vitamins ot

Bran —
Germ // S
- “New plant” embryo //

- Nutty sweet flavor f
- Vitamin E, Folic acid, Thiamin, metals [

Starches in most grain seeds 20-30% amylose and 70-80% amylopectin - k

21
All proteins are The Anatomy of an Amino Acid
con Stru Cted fro ma this C is called the alpha carbon each letter represents a type of atom or element
common set Of 20 this group of atoms — wlw o ~<— this group (l)lf q
different common is calledan amino RVl corborylio goid
amino acids — the G )
same a m|n0 aCldS for R The identity of "R" depends on the
. particular amino acid. This group of
a” kn own I|fe fOFm atoms is called the side chain
Each amino acid consists of
— A central carbon atom bonded fo
four covalent partners
— Aside group (R) that is variable
among all 20 amino acids
22

11
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P rOte In S Proteins are formed by dehydration of two amino acids — form
a special bond called a peptide bond.

Proteins range from 10-20 amino acids up to thousands of
amino acids polymerized together

Peptide Bond

o) o H20 o 0
1 1 1 H 1
H,N—CHC-OH -  H N—CHC-OH _ 4, H,N—CHC-O—N-CHC-0OH
(IJHZ C|)H2 CI)HZ (|3H2
(|3H2 CIIZO (I;H2 (T‘,:O
CH, OH CH, OH
NH _ NH
C|)=NH Side Group (R) C=NH
[ Aspartate [
NH, NH,
Side Group (R) Growing polymer
Arginine Protein chaian
23
Human genome codes for
over 20,000 dlff(?rer]t . Acidic amino acids: glutamate & aspartate
proteins — protein diversity - R-COOH
Is due to the arraignment
and kinds ofamlno acid side Basic amino acids: arginine & lysine
group chemistry S
-NH3
- Side (R) groups create Hydrophobic amino acids: ex. Glycine,
much of the chemical leucine, isoleucine, alanine...
nature of a protein
Polar amino acids: ex. Serine, threonine,
- Side groups can be asparagine...
grouped based on
reactivity
24

12
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A. Amino Acids with Electrically Charged Side Chains
Positive Negative
Arginine Histidine Lysine Aspartic Acid  Glutamic Acid
(arg) ) (His) ) (CDIK] (asp) (2) (CPOLE)
“o “o “o “o “o
o o o o
NH, NH, NH, NH, NH,
— (o]
N o© o
NH A ©%
H,N
\ ®NH,
@NH,
B. Amino Acids with Polar Uncharged Side Chains C. Special Cases
Serine Threonine Asparagine  Glutamine Cysteine Glycine Proline
sen @ 0 @ (asm () (cin) @ cy) @ ©ly) @ Pro) @
4o 4o 4o L7 o #o “o
o o o o o o =<_ o
NH, NH, NH, NH, NH, NH; NH
HO
OH © SH
NH, ©
NH,
D. Amino Acids with Hydrophobic Side Chains
Alanine Valine Isoleucine Leucine Methionine Phenylalanine Tyrosine Tryptophan
(ata) ) vah () we) @ (Lew) (B et (1) (Phe) () ayn ) ()
4, 7 7o) “o “o
4 7o) fol o o o o
4o o o o NH NH, NH
o NH NH,
o N NH, 2
NH, 8 =
s\ gy
OH

25

Fatty Acids

really looks ltke(_
Fatty acids are long carbon chains 0
with a carboxyl group on one end. (|:| gz gz gz gz oH
~ SINAT T NN TINA TN T
* Canrange from 4-35 carbons Ho” g ¢ ¢ ¢ ¢ ¢
most are 14-20 in foods 2 z z 2 2

* Saturated fatty acids have the
maximum hydrogens bonded

Hy
to each carbon i i
. PN ™ ) _C
* Unsaturated fatty acids have o g making the double bond Ho” g
required the loss of 2 H 2

double bonds and one less H MOy,  aloms. TwoH atoms =a NG
I single unit of unsaturation Hz
atom on two or more carbons '

HQC\CHZ HoC /H
® Most natural unsaturations are HaC_ ﬂ
“cis” bk e [
HaC_ (|)H
cIH2 HZC/ 2
CHj (|1H3

monounsaturated fatty acid chain

polyunsaturated fatty acid chain

26

13
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Other Important Molecules - Acetaldehyde

Alcohol
[P} i

2 NAD* ) dehydrogenase
;zm,zw 2 NAD®

is

Acetaldehyde, acetate and diacetyl

2
2

lycolys

Gl

O (0]
o P Ethanol Acetaldehyde Acetate
).k )J\ - CHs; o5 A2 H,C-CH,-OH HC-CHoQ e 14 C.COO™
< e
HSC H H3C Ol HiC Lo Catatase delsg;hgy:nase
O éH‘ H HESS
2 x acetaldehyde H,C —OH
3 P4502E1
: {miceosomos)
* Key breakdown products of ethanol metak —

2x | €O, 2x ethanol

acetaldehyde is toxic
* Produced as part of yeast metabolism when pyruvate is Alcohol is metabolized in the body mainly
converted to EtOH by the liver. The brain, pancreas, and

* Is an important intermediate in wine aging and can stomach also metabolize alcohol.
impart fruity flavor at low concentrations

* In beer imparts tart green apple flavors
* Too much in beer is a flaw

* Diacetyl is a bioproduct of acetolactate —valine and gives
butter/popcorn aroma and flavor. A flaw in beer

stomoch

27

Other Important Molecules - Fusel Alcohols

Alcohols with more than two carbons are considered
higher (Fusel) alcohols.

oH .4 !
o] A o —— N R "
Ethanol R/ : e o=

Isopropanol Butanol Amino acids
(Valin, Leucine,

Isoleucine)

HO™ ™" HO/\/k \/l\/OH

Pentanol Isopentanol 2-Methylbutanol

* Provide fragrance to aromatics of BWA

* At low levels — beer and wine commonly account

for 50% of aromatic constituents of wine

T . . . Ehrlich Path
* Fusel alcohols in distilled liquor give a major and richiPativay

distinctive fragrance to the spirit. R Deaminaton R Decarvoryation R
_ HCNH2 —_, C=0 — 5 H-C=0
* Most are produced along with ethanol some as a CooH CooH Aldehyde
secondary metabolism from amino acids and fatty  amino acia aKeto acid ;
. . eduction
acids (Ehrlich pathway) R
g . . . H-C-OH
* Due to boiling point differences, can become toxic H
in distilates Higher Alcohol

28

14
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HsC

Terpenes and Wine _L __ [ )=

Class of molecules with the formula (CHy),
a single (n=1) is an isoprene

* They are the building blocks of oils, cell Q ?'“::Zﬁ"
wall, plant hormones and many other = )
important molecules. QM I20e

* Give many flavors and aromas of wines Ch R et

* Originate in skin, seed and stem of grapes

* Some are bound as glycosides and others /H @ é /@ é éL ﬁ
free

* Degrade over time and decrease some

flavor/aroma § ﬁ(? @@? %E

a-thujene  terpinolene -terpinene

n ids Organic acids
ne . Malate

iols ugar
S3(heenlol | W Gucose
Lcysteine)

isoprene a-pinene {-pinene \-carene  d

29

Fundamentals of Yeast Biology

Yeast are a eukaryotic single cell organism of the fungi kingdom.
There are ~1,500 species found on nearly all surfaces of the world.
Yeast reproduce asexually mitosis asymmetrically by budding.

Parent cell Nucleus division Daughter cell
(Mature cell) Bud 'ormmg\ (mitosis)
® Transports proteins, High pH; s
ions, and other molecules reducing Lipid storage and
F==" ‘ — —_— ‘ in and out of the cytoplasm environment metabolism; cellular
energy regulation
? Skeletal framework;
displays proteins ‘r‘
Nucleus Bud separates on cell surface |
- m Vs = Linid / Protein sorting and
(- ) i Cell wall* / mEmbiane d |pl| t N4 post-translational
Sugar (iacety) rople
S modifications
Contains DNA; High protein
dynamic control — concentration;
of enzyme fatty acid metabolism
localization
»wf/ .
Oxidative ~~ mRNA aggregation

environment and degradation

Low pH; storage and
detoxification capacities

30

15
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Fundamentals of Yeast Biology

Saccharomyces cerevisiae (S. cerevisiae) aka Brewers and Baker’s yeast used
for beer, wine and all distilled spirits

Nutrition for Growth: Nitrogen, Sugar, Vitamins, phosphorous and trace metals

Best sugars for growing aerobically on galactose and fructose and culture well in
glucose, maltose and trehalose. Will not grow with lactose or cellobiose as
carbons source.

Need a nitrogen source for amino acid synthesis — ammonia and urea can serve
as the sole N source but not nitrate or ammonium. Most amino acids can be used
as salvage to produce N or other amino acids except His, Gly, Cys and Lys.

* YAN or yeast assimilable nitrogen is a combination of free amino acids,
ammonia and ammonium ion.

« Best condition is to provide all amino acids or side reaction/function is
production of a secondary compound that might not be needed

* Active transport (ATP requiring) of peptides into yeast is pH dependent. Late in
culture, less ATP, shifting pH gradients result in little to no transport and adding
nitrogen to late slow fermentation has little effect.

31

Fundamentals of Yeast Biology
Nutrition for Growth: Nitrogen, Sugar, Vitamins, phosphorous and trace
metals

 Best condition is to provide all amino acids or side reaction/function is
production of a secondary compound that might not be needed

Diacetyl Metabolism

Beer: If Val is not provided yeast will denovo
synthesize yeast. An intermediate compound in
valine production is acetolactate. Not all of the
acetolactate produced will be converted to
valine, some will leak out of the cell and into the

beer. This acetolactate is then chemically (not
enzymatically) converted to diacetyl in the beer.
« The chemical reaction is an oxidation, and
high fermentation temperatures favor this
reaction.

32
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Fundamentals of Yeast Biology

Nutrition for Growth: Nitrogen, Sugar, Vitamins, phosphorous and trace
metals

Like other eukaryotes, organic compounds used by enzymes and other cellular
functions can not be synthesized by the cell. These “vitamins” must be included in the
culture for a healthy cell. Examples include:

- Biotin for biosynthetic reactions. Particularly carboxylation and decarboxylation of
lipids, amino acids, nucleotides and carbohydrate metabolites. “Stuck” or “stalled”
cultures are often low on biotin.

- Thiamine (Vitamin B1): Involved in some dehydration reactions. Lack of B1 can alter
pyruvate and acetaldehyde compounds

Phosphorus is needed for phospholipid and nucleotide synthesis of new cells.

- Complexed with nitrogen, diammonium phosphate, 9
Provides a mix of P and N for cell growth 'O/F\)\O' NH,"
OH )
33
Strains Of S. cerevisiae Domestication of industrial yeasts

Strains of yeast will provide unique
flavors and aromas, secondary
products, sulfate levels and can have
different EtOH tolerances.

- There are over 1000 strains of S.

- Early strains came via selective

~1600 AD
Y

Beer 1
\ Strong domestication

Off-flavors §
Maltotriose utilization 4
Survival in nature ¥
Sexual reproduction ¥
Genome decay 1

/ Aneuploidy & CNV 1

. Mixed
cerevisiae

Beer 2
Limited domestication

Maltotriose utilization ¥
.~ Wine stress resistance t
Wine Survival in nature 1
Sexual reproduction 1

culturing capturing/enriching mutant
yeast that performed in a desired
manner. Selective pressure for high
ethanol content, flavor generation..

- Now — GMO technologies allow us to @ <] - No domestication

. . Wild ~
select gene too activate or silence. — Survival in nature ¢

Sexual reproduction t

34
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New CRSPR strains to support Wine and Beer Cultures

GMO Strains of S. cerevisiae

MLO1 strain: supports malolactic VE'

fermentation simultaneously with

EtOH fermentation.

* Placed gene for yeast malate
permease from a different yeast
strain together with malolactic In 2017 CRISPR used to reduce urea in Chardonnay and
enzyme gene from bacteria Cabernet Sauvignon.
under S. cerevisiae. Results in * Urea leads to ethyl carbamate (EC). Because EC has
softer lactate mouthfeel and shown potential for carcinogenicity.
avoids need for a second » EC can be produced during Arg metabolism as Arg enters

the cell using Arg transporters-arginine permeases

 If the urea cannot be metabolized, it accumulates inside
the cell.

» Urea can spontaneously react with the ethanol in wine to
form EC, and the chemical reaction between urea and
ethanol is exponentially enhanced at elevated
temperatures.

» Eliminating one or more permease decreased EC in wine

bacterial fermentation to remove
malic acid. "softens red wine”

35

A little alcohol in your wine or beer?

- cosriz At the end of the fermentation process, there are
= o cemo  high levels of ethanol (11-14%). The toxicity of

2.0 ¥ CDBT9

cosrs  €thanol inhibited glucose and amino acid uptake

= e because ethanol damage cell membrane fluidity.
—e— CDBTS5
s Mutation of the SPT8, which caused serine to

- CDBT2

0-51 0\ 3 - CDBTI replace phenylalanine (Asn'56His) and glycine to
: replace serine (Gly585Ser) in the
encoded SPT8 transcriptional control protein.

1.5+

1.0

Absorbance at 600 nm

0.0

R A U IR

% Ethanol

Low alcohol beer or wine to enjoy flavor without  The traditional non/low EtOH approach

as much alcohol. was to use a vacuum to boil off lower

- Alter genes to move carbon metabolism from BP alcohol and removing yeast by
ethanol to glycerol or other products but with centrifugation to stop fermentation
acetaldehyde increase Some strains poorly use maltose and

- Five mutants of the yeast SPT15 gene blocks limit yeast production
transcription of many ethanol fermentation genes - Lots of problems with the clearing and

quality
36
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SOME Beer Yeast Strains (White Labs)

&
&
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&
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WHITE LABS YEAST STRAIN DESCRIPTION S E/ ST EEETESEEESTETES
il A classic pilsner strain from the Czech Republic. Somewhat dry with a malty
WLPsooPlls"erl'agerYeast finish, this yeast is best suited for European pilsner production. M 72:77 M-H 50-55° © @ b @ ®/06 0|00/ 0 0 0 00 00
WLP802 Czech Budgjovice Lager Yeast | {5y o veast rom sothern Czech Republic rodces dry andl crisp M [7580( M (50557 @ (@@ |00 0|00 0|0 0|0|(0(0|0e
; This yeastis used to produce the “Calfornia Common” style beer.Has the abillty to ferment up to 65'F whi retaining
WLP8I10 San Francisco Lager Yeast loger charactaritice Can 50 be farmanted Sawn t SO-F to rodaca marzens,pisners and other tyelagers. | MH |6570| H [se-65c) @ (@ |0 |0 |0 @@ @[ @|¢|* @@ |
This yeast produces a very malty, bock-like beer. s much slower n the irst generation than WLP830,
WLP820 Oktoberfest/Mérzen Lager Yeast | 5o, encaurage using s frger starter durng the irst qeneration o scheculing a longer agering tme. wH(6s73| M 258 0 @@ @ |0 |0 |00 0|0 @O °|° OO
lar I hi f the I I th I
WLP830 German Lager Yeast S:rryrr'\“oas[t!}r':g%:‘re:seryeast.!|5|scnectemostwwdeyused lager strains in the world. W |%75| M [5055|@|@| @ |0 |0 |0 |0 |0 @@ e|e|o|o|e|e
From the Alps of southern Bavaria, this yeast produces a beer that is well balanced between )
WLP833 German Bock Lager Yeast mal and hop characte. A very versae sger yeast M-H (7076 | M |4g-55 Ol @0 0 [*06e
WLPB38 Southern German Lager Yeast | /%245 arsctezed by amaty fsh an bolnced aroma 5107 e W [ss76| w5055 @] 0 |@| @ @ |0 |0 |0 |®|* @@ * | |®©®
. This yeast is used to produce American style lagers. Dry and clean with a very slight apple N
WLP840 American Lager Yeast fruitiness. Sulfur and diacetyl production is minimal M |7580| M [s055° @ @ |0 |0 @O OOO®° ° @
WLP850 Copenhagen Lager Yeast Clean, crisp northern European lager yeast. Not as malty as the southern European lager yeast strains. |27 [sose @0 |0 |@ ¢ |®®O® ¢ @@ e|e|e]e
WLP862 Cry Havoc Lager Yeast ;:r:vsf:;g;ng;s"g";;ggg;'gggy;;g;:r;;ge'matbotha‘eaﬂd‘age"emmwmv M [6670| L [s558°| @ (@ (0|0 |0 (00|00 0|0 |@ e|e|e|e
1 A Swiss-style lager yeast that with proper care can be used to produce lagers over 11% ABV. o]
WLP885 Zurich Lager Yeast Slor e e Eaeeh et o L VH [7080| M [5055°| @ [@ [0 |0 (@ @ @@ e @ e|e|e|e|e|e
i From Mexico City, this yeast produces clean lager beers with a crisp finish. Good for o]
WLP940 Mexican Lager Yeast Mexican-style light lagers as well as dark lagers. M |7078| M [sosse [ @ |0 |0 000 @@ @@ °|° @ ||
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SOME

Dry whites
Blush or R.S. whites

Wine Yeast Strains

ICV D47

FRER

71B-11

*%

FRER

Nouveau s

Young reds
Aged reds

K1-V1116

*HR
*%

*%

EC-1118

Xk
*%
*%
*%

FrH

FREX

Champagne base

FHex

Secondary ferment

Stuck fermentations HRAK

Late harvest * * *x -

EV.C. EV.C.
20-30 15-20

EV.C.
15-32

Neutral
10-30

Neutral
10-35

Esters
15-30

Sensory effect

Temp. Range (°Celsius)
Fast
16%

Moderate
18%

Moderate
14%

Moderate
14%

Moderate
16%
High

Fermentation speed Very fast

Alcohol tolerance (%/vol) 18%

Nutritional requirements Low Low Low Low Low

Mead
Cider

**¥¥ Strongest recommendation — E.V.C.: Enhances Varietal Character

E.V.C.
16-28
Moderate
16%
High

38
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Distilling strains — some info...

* Need a yeast that can completely finish the available sugar and make as much alcohol as
possible. Why? Because at a distillery, any leftover fermentable sugar is basically money left
on the table.

» Some liquors need some sugars in fermentation. This is called attenuation. A yeast that can
achieve full attenuation is one that will finish all of the available sugar.

» Another important parameter is temperature tolerance. Some strains require lower
fermentation temperatures (65-75°F). However, keeping fermenters that cool can be a
challenge and requires a lot of cooling capacity, which can be expensive and requires a lot of
energy (aka higher utility bills). That's why with distiller’s yeast, we prefer a strain capable of
fermenting above 90°F, which normally allows fermentation to progress in less time and with
less energy cost.

» That brings us to another criterion—speed of fermentation. Some strains can finish sugars in
less time than others. The quicker the fermentation, the quicker you can turn a batch and
start a new one. This is an important factor when trying to maximize distillery capacity!

39

Vodka — low metabolite carryover, low ester or aromatic formation

Whiskey — high attenuation with production of:
» Phenols- phenol, cresols, xylenol, and guaiacol

 Esters: isoamyl acetate, an ester with a banana-like aroma. The most
abundant ester in the ‘heart’ is commonly ethyl hexanoate, which has an
aroma described as apple-like.

Tequila & Mezcal — Agave is mostly fructose so a special fructophillic yeast
must be used.

* Agave is nutrient poor and has toxic compounds to yeast, so must be
tolerant of metabolites like furfural, normally present in agave juice.

* It has also increased tolerance to osmotic pressure and alcohol and can
work in conditions of extreme temperatures

40
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1,3-Bisphosphoglycerate

P
Phosphoglycerate
kinase

HC-OH

3-P)

GLYCOLYSIS

|
CH,-0P0O32
3-Phosphoglycerate

Phosphoglycerate
Mutase

0§(I:/O‘ H,Q O§C/O'
<—A> |
HC-OH C-OPO3
|
CH,-OP032 CH,

2-Phosphoglycerate Phosphoenolpyruvate

HO—CH, 03P0 CH, 204PO~CH, CH,OH
H ATP H V ?‘
-
OH Ol '
Hexokmase Phosphoglucose
Isomerase
Glucose Glucose 6 phosphate Fructose 6-| phosphate
ATP
Phosphofructo-|
se
ADP
204P0-CH, _O._ CH,-OP032
E Glyceraldehyde 3-Phosphate 3 2 2 3
2
O§C/OP03 | Dehydrogenase O%C/H Aldolase "
| | H OH
HC-OH HC-OH
. OH H
CHy-OPO;2 NADH NAD P CH,-0PO;2 Fructose-1,6-bisphosphate

Glyceraldehyde

hosphate

CH,-0PO32
Triose Phosphate |
c=0

Isomerase |
H,C—OH

Dihydroxyacetone

Pyruvate

Overall Pathway of
Glycolysis
Important issues

NAD+/NADH ratio

- Aerobic vs Anaerobic
how do we get the
NAD back?

AND

Yeast is not human!!!!

41
Yeast have several metabolic product options
Glucose
1 N—
D-fructose 1,6- Dihydroxy-acetone- Fru + Gic
bisphosphate phosphate Sucrose- Hexose-
NADH transporter Apoplast transporter
NAD* Cytosol
Glyceraldehydes- Glycerol-3- I )I
3-phosphate [ phosphate Clycerol ] Sucrose
Sucrose
Invertase
synthase
NADH  NAD-
UDPGIGHF  Fi%Glo
Fructokinase Hexokinase
NAD(P)  NAD(P)H
[ Pyruvate ]—)[ Acetaldehyde Fru-6-P Gle-6-P
,&. NAD(P)*  NAD(P)H l
N ; Glycolysis
l TCA } Lactate
3, U
\N—v,
42
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Fermentation is the metabolism of sugars
producing ethanol — Catalyzed by yeast

Yeast are facultative anaerobic organisms

* Facultative anaerobes (bacteria, yeast and other
organisms) can switch between metabolic
pathways depending on the presence of oxygen.

* NAD+ / NADH is a limiting reagent forcing the
switch between pathways.

* Without oxygen ethanol is produced

* In the presence of ethanol — NAD+ is regenerated
producing more ATP than without oxygen

* Robust cell division requires oxygen —important for
fermenting for alcohol

Similar to when animals produce lactate instead of C02 + H 20

ethanol in the absence of mitochondria or oxygen!

Glucose

—

Pervate

O,

Y

NAD*__ A
\>NADH<>

Ethanol

no oxygen

The Presence of
Oxygen Determines
the Product of Yeast
Metabolism

43

Basic Yeast Metabolism of Ethanol

OH Glucose

|
H—C

| Glucose—(pheee ™, Glucose H—CI:—OH
Hxk1/2 ATP |

Skl HO—C—H

Glucose-6-phosphate |

Pgil H—C—OH
Fructose-6-phosphate H—(I2
Pik1/2 kATP ]

Fructose 1,6-diphosphate H—C—OH

Fab1
Dihydroxyacetone ““—" Glyceraldehyde 3-phosphate

2 NAD+,
A

[ +
NAD regeneration

phosphate Toil i 2 ADP : .
NAD" i (Glycolysis
NADH,<" 1,3-diphosphoglycerate +
2 Ethanol Ethanol s paia - Are - ; -» 2 NADH + 2H
Adh] 3-phosphoglycerate 2ATP v
Acetaldehyde pom1] :
2-phosphoglycerate v
Enol I 0 o _, HC =0
Phosphoenol pyruvate \C/ |
2CO, 2 P | ] CHy -
Pyruvate ? =0 2H+ 2 Acetaldehyde
CH, —

2 Pyruvate “

H,C —OH
>
CH,

2 Ethanol

44
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Pyruvate -> CO, and H,0. Regenerating NAD*
Note how carbons flow into and through mitochondria to generate ATP via
Oxidative Phosphorylation

NADH to NAD* is regenerated from glycolysis when O, can accept electrons.

Electron transport and oxidative phosphorylation are linked by flow of electrons and H+

phosphorylation

alcoholic

Gopyright 1999 John Sons, Inc. Al ight

fermentation

+ Outer membran

H H H
Glucose
[1—Nap*
glycolysis
>~ NADH
g
s;
Pyruvate 3
o
&
&
&
7 Nap: g
oxidative 8
&
&
o
citric acid homolactic g
NADH cycle fermentation " Jo;
\ NAD Inner membrane &
NAD*
V

Respiration = glucose & fructose metabolism to CO; in the presence of O,
Fermentation = glucose & fructose metabolism to EtOH in the absence of O,
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Stages of Fermentation

Sugar and nutrients are seeded with yeast and
mixed/exposed to air/oxygen.

Lag phase — aerobic metabolism slow-early
logarithmic growth of yeast

Log Phase — respiration produces Pyruvate ->
CO2 and glycerol (more prominent when sulfate
is added to push DHAP to glycerol formation).
Some pyruvate is shunted to malic acid
production (where can give sour/off taste).

An O3 blocking cap develops of materials and
CO2 when culture is left still — pushes

Glyeerol phosphate
phosphatase

Glveerol

Cell density

more cells

A

Lag Phase Log Phase Stationary Phase

Death Phase

As oxygen is depleted, the cells
switch to anaerobic metabolism.
Ethanol production is greatest in
this phase. The rate of cell growth
and division equals the rate of cell
death. Ethanol will accumulate to
~10-18%.

During log phase, cells
are growing and dividing
rapidly. Oxygen

concentration is high,
nutrients are abundant.

H H concentrations
fermentation to anaerobic phase. also kill cells

l AMolasé Glyceraldhyde-3-phosph
Fractose 1,6 bisphosphae _|

CH,0H ihy.

! “phos,

¢-o

(I)-xzom

" fewercells

,,,,,,,, Ditydony
phospltstod
ch,on ) )
HO-C-H Lglycerol-3-phosphatc innoculation
Lo, N

/
<N

| —

When nutrients run
out, cells begin
dying, and cell
mass decreases.
The high ethanol
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Aannnndddd. Then it gets complicated

The Crabtree effect describes the observation that respiration is
frequently inhibited when high concentrations of glucose or fructose
are added to the culture medium — happens in BWA cultures when
people mistakenly add too much sugar to make more ethanol.

47

Crabtree Effect

In yeast — shifting to ethanol metabolism (usually seen in anaerobic

conditions) when oxygen is present. « ATP production is lower yield in glycolysis but

flux is much higher

B @ (;Y‘);:Y)(:p @ e~ * Fructose bisphosphate inhibits ETS
(Ginooss ibibition of OxPhos = [ %

2 o % o * HighATP from glycolysis shuts down

Competition for ADP

Qe 00000 (")
L 1] e "o

Enforced glucose eytosolic metabolism eo0 o o o mitochondrial function by competition for
Glucose
ADP and phosphate gcose —
Fructose-1,6-biphosphate L e il
pyruvate— " tation 5 i
i =~ 2.3-butanediol
Glyceraldehyde-3-phosphate o T acetaldehyde
GAPDH TR s s i e e fatty acid ol
5 fart Bt degradation
o E-hlphoxphugl_\crrulc . © /J
PiC ¥ R - S e
/ ATP < —”/i LHELS > W
3-phosphoglycerate \/J e
! - ey
p OT\ Phosphoenolpyruvate ! i eu/Lu ey e
App ADP —— . 5 isobutanal
=[Pk / isoamyl alcohol
ATP ¢«——

Pyruvate Figure 1: Overview of volatile metabolites released by yeast. Depicted are few representatives anc

Increased glycolytic intermediates leads to volatile aromas

Take home: Don’t add TOO much sugar!
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