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fatty acid composition

saturation and temperature

e plant fatty acids are mostly
unsaturated (double bond(s))
o liquid at room temperature
o exceptions: coconut and palm

o many have polyunsaturated
fatty acids (i.e. 2 or 3 double
bonds)

e animal fatty acids are mostly
saturated (no double bonds)
o solid at room temperature
o exceptions: fish oils, whale oil

green indicates plant oil; yellow indicates processed plant
products; red indicates meat products

palm kernel oil
coconut oil
peanut oil
soybean oil
olive oil
canola oil
shortening
margarine
butter

lard

salmon

saturated

86%
87%
17%
15%
14%
8%
25%
18%
63%
39%
28%

unsaturated

12%
13%
46%
24%
73%
64%
45%
39%
29%
45%
33%

3:40

poly-
unsaturated

2%
trace
32%
58%
11%
28%
26%
39%
3%
11%
28%


https://en.wikipedia.org/wiki/Palm_kernel

why these compositions? 2:23

e fropical plants are also fine with

saturation and temperature saturated fat energy storage (e.g. palm,

coconut)
e organisms prefer storing energy as o not so much for temperate plants (e.g.
saturated fat whenever possible peanut, olive, rapeseed, soybean)

o energy required to create

e “cold-blooded” (ectothermic) animals
unsaturated fats

in cold environments must use
unsaturated fats less dense unsaturated,/polyunsaturated
o lecture 5: electron carrier-mediated poly

reduction/double bond formation o eg.fish, exterior whale blubber
(dehydrogenation)

e however, fats need to remain liquid

e “warm-blooded” (endothermic) animals
can get away with saturated fats j ' hag Neatsfoot |
o warm bodies, above melting point e st |
o exceptions: extremities (ends of limbs) ‘
of animals in cold climates




the quest for saturated fats, part 1 3:09

vegetable shortening

Figure from (Ogawa et al. 2021)

e pastries should be flaky
o most bread/noodles are elastic rather
than flaky because of gluten
o lecture 2: gluten is a protein in flour
that cross-links and forms networks

e need saturated fats to disrupt gluten cross-links
o historically: only butter/lard, but expensive

e why don’t we artificially convert
unsaturated into saturated?
o unsaturated plant oils are cheaper
o hydrogenation invented by
Wilhelm Normann, 1901

e thus, vegetable shortening
o e.g. Crisco from cottonseed oil



the quest for saturated fats, part 2 5:08

trans fat crisis and palm oil
e solution: palm kernel oil

o shelf-stable; in ultra-processed foods

* Vvegetable shorfening was cheap, didn’t go o lubricant, soap, detergent, biodiesel

bad, and had a high smoke point
o lecture 4: saturated fats are resistant to ® palm oil is everywhere in consumer products

rancidification/free radical oxidation o oil with highest production; 7.7 kg/person

social and environmental consequences
child labor, slavery, sexual abuse
slash-and-burn deforestation, soil
degradation, air/water pollution
o alternatives not necessarily better
(overconsumption is the problem)

e however, artificial hydrogenation processes
produce trans fats
o coronary artery disease and diabetes




essential fatty acids

where is a fatty acid unsaturated?

e two essential fatty acids for humans:
alpha-linolenic acid and linolenic acid
o both polyunsaturated
o essential in diet (all other fatty acids
can be synthesized from these two)

e precursors for all omega-3 and omega-6
fatty acids, respectively
o omega-3 means that the double bond
that’s furthest from the oxygen is
located 3 carbons away from the end
o omega-3 deficiency common

Note: This slide wasn’t
covered in class; we’ll
be covering this In
lesson 6

update: we didn’t, in fact, explicitly
cover this in lecture 6, but the location
of the double bond affects the

specific steps that are taken in fatty
acid oxidation (which we did cover)



soaps & detergents
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Nonpolar Hydrocarbon "Tail" Polar "Head Group"

https://chem.libretexts.org/Bookshelves/Organic Chemistry/Supplemental Modules %280rganic Chemistry%29/Lipids/Properti
es_and Classification of Lipids/Soaps and Detergents



https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_%28Organic_Chemistry%29/Lipids/Properties_and_Classification_of_Lipids/Soaps_and_Detergents
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_%28Organic_Chemistry%29/Lipids/Properties_and_Classification_of_Lipids/Soaps_and_Detergents

capsaicin in peppers

SEEDS MEMBRANE CAPSAICIN GLANDS

https://en.wikipedia.org/wiki/Capsaicin
https://www.culturehotsauce.com/blogs/educate-yourself/capsaicin



https://en.wikipedia.org/wiki/Capsaicin
https://www.culturehotsauce.com/blogs/educate-yourself/capsaicin

terpenes & terpenoids in spices

Pinene, . .. .. _.Caryophyliene ... . ... Carene: ety s . MODeNE 3 3l .. .Linalool,
(Pines) . (Peppercorns) (Cedar, Rosemary) (Citrus Lemon) - (Mints, Lavender)
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(Junipers, Orange Peel) . (Lemon Grass) (Hops) (Roses & Wine Grapes) . (Myrtles & Cannabis)

https://spexcertiprepblog.wordpress.com/2015/03/18/terpenes-in-a-class-of-their-own/



https://spexcertiprepblog.wordpress.com/2015/03/18/terpenes-in-a-class-of-their-own/
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Boheng Cao <lysine@mit.edu> 10:22AM Y%
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tl;dr lecture notes/links to slides/fags will be at this link from now on; last week's slides are here; submit feedback/questions/suggestions at this link (please please please use the form if
you want to ask us anything at all)

hi everyone,

hope you're having a fun saturday so far! as a reminder, this week's lecture will be at 3 to 4 pm in 3-133, and we'll be doing the emulsification demo that we didn't have time for last week +
a lot of new things!

moving forward, we've decided to put all our lecture notes at this link:

https://docs.google.com/document/d/1aNVEKZYDac3acFXKLxAs_SMPpM_5sAhywgUh4t3gU-8/edit?usp=sharing. this will probably have a disorganized medley of
notes/thoughts/diagrams/links for all the lectures from now on; we'll also have answers to commonly asked questions (whether in class or through the google form). be sure to notify us (by
email or through the form) if there's anything missing from this document :)

last week's slides are at this link: https://docs.google.com/presentation/d/1kjUc-2TffH7VJb-YA2b-P_so0zRHX1sJkNtxH61prFU/edit?slide=id.g3acff5356ab_0_1441#
slide=id.g3acff5356ab_0_1441. we highly recommend that you look through it, even if just to skim it, since we did have to go really quickly through the slides. a few other tidbits about the
slides that we didn't have time to cover last week:

« trans fats are much, much unhealthier than 'conventional’ (cis) saturated fats found in nature. saturated fats are already linked to heart disease, but trans fats even more so — for
each increase of 2% in the amount of calories from trans fat you consume, your risk for coronary artery disease doubles (yes, doubles!). in the united states, the food and drug
administration (fda) banned trans fats in 2018.

« the reason that you can still buy crisco (and other hydrogenated vegetable fats) despite the ban is that they switched to a different and more complicated method for
hydrogenating fats that reduces the amount of trans fat byproducts. nowadays, a lot of manufacturers start off with a small amount of already solid vegetable fat (like palm oil) and
use that as a 'starting crystal' that helps make the rest of the liquid vegetable oil crystallize and become saturated.

« another way of making a solid vegetable fat product is by emulsifying the oil with water to create margarine. we'll be covering how that's done today :)

last (but possibly most importantly), our feedback/questions form is at https:/docs.google.com/forms/d/e/1FAIpQLSdhnXxzrYNM6dKxy3 P3LszxmcZufo5azsFP10RPrBzc2hBg/viewform?
usp=send_form. besides email, this will be our primary form of communication for the class; if you have anything you want to ask us about the class, any requests for next lecture, or any
feedback whatsoever, please don't hesitate to send us your thoughts!

check your inbox!



you should do the

worksheet :D

(or like we can’t force you t0)
(but sovannjet spent like 4
hours last night drawing out all
the chemical reactions and
arrow-pushing in the software)
(it’s really time-consuming)



slides from last week lecture notes feedback form



recap: soaps & detergents
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https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_%28Organic_Chemistry%29/Lipids/Properties_and_Classification_of_Lipids/Soaps_and_Detergents
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recap: capsaicin in peppers

SEEDS MEMBRANE CAPSAICIN GLANDS

https://en.wikipedia.org/wiki/Capsaicin
https://www.culturehotsauce.com/blogs/educate-yourself/capsaicin



https://en.wikipedia.org/wiki/Capsaicin
https://www.culturehotsauce.com/blogs/educate-yourself/capsaicin

recap: terpenes & terpenoids in spices

Pinene, . .. .. _.Caryophyliene ... . ... Carene: ety s . MODeNE 3 3l .. .Linalool,
(Pines) . (Peppercorns) (Cedar, Rosemary) (Citrus Lemon) - (Mints, Lavender)
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(Junipers, Orange Peel) . (Lemon Grass) (Hops) (Roses & Wine Grapes) : (Myrtles & Cannabis)

https://spexcertiprepblog.wordpress.com/2015/03/18/terpenes-in-a-class-of-their-own/
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phospholipids and amphipathic molecules 6:37

both hydrophobic and hydrophilic
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phospholipids and amphipathic molecules

both hydrophobic and hydrophilic

e mayonnaise is a water-oil emulsion using egg

yolk as the emulsifying agent

o lecithin (a mixture of phospholipids) in egg
has both hydrophobic and hydrophilic parts
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Phosphate

Hydrophilic head

Saturated
fatty acid

Unsaturated
fatty acid

Y, -~

(a) Structural formula

Glycerol

(b) Space-filling model

Hydrophilic
head

Hydrophobic]|
tails

(c) Phospholipid symbol

OH OH

Phosphatidylinositol



mixing and emulsification 4:19

demo time:)
e oil is hydrophobic because it’s
(mostly) nonpolar and has few polar

' s . ]
| (a) initial state: oil and water separated; bonds with large electronegativity

oil is less dense and floats at the top difference/partial charges

o mostly fatty acid hydrocarbon

chains (carbon-hydrogen or
(b) oil stirred/agitated and forms droplets carbon-carbon bonds)

spreading throughout water .
e water and acetic acid is hydrophilic

because it’s highly polar
o oxygen is very electronegative
(likes to pull electrons in the
covalent bonds towards itself)
o hydrogen is electropositive

©

(c) without added surfactant/emulsifying
agent, oil and water separate again

© (doesn’t like electrons)
°° ° o 0° (d) emulsifying agents (like egg yolk or o oxygen has a negative partial
o ° starch) can keep oil and water mixed charge



food products and emulsification 4:55

the quest for solid fats, confinued e margarine is an artificial emulsification

of water and oil, made cheaply
o ‘opposite’ of what we did (small amount
of oil in water)

e butter is a naturally occurring emulsion
of small amounts of water in fat

o not purely fat; vegetable oil and tallow o made with hydrogenated vegetable oil
have much less water or palm oil (lecture 1) for cheap
©  water confent m_o'ke_s It SOﬁ_’ so that saturated/solid alternative to animal fat
you can spread it with a knife o historically: tallow/coal paraffin
o can’t leave out at room temperature o beta-carotene for color
for long, unlike vegetable oil (microbes
need aqueous environment) B ok S
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amino acids, part 1

a brief intfroduction

e components of an amino acid

O

central (alpha) carbon
carboxylic acid group (-COOH)

amino group (-NH,)

Amino Side
Group

Carboxyl
Group

Chain

hydrogen

side chain (determines what amino
acid it is; determines properties;
sticks out from polypeptide
backbone)

e 20 different amino acids in humans*

O

9 essential amino acids that you need
in your diet: valine, isoleucine, leucine,
methionine, phenylalanine, tryptophan,
threonine, histidine, and lysine

your body can synthesize all others

©ReAgent

5:15
O~ _OH O _OP
j\: i
: C)
R”: “NH R”% “NH
H 2 H 3

e behavior of amino acids inside cells

o amino group (NH,) is basic;
carboxyl group (COOH) is acidic

o amino group generally becomes NH,*;
carboxyl group generally becomes COO-
group generally loses a hydrogen ion

o becomes zwitterionic (one positive side,
one negative side)



amino acids, part 2

side chain classification

e classification based on
chemistry of side chain

(@]

ignore the non-side chain
part (shared among all)
hydrophobic: no polar
bonds in side chain; mostly
hydrocarbons
hydrophilic uncharged:
often a carbon-oxygen or
carbon-nitrogen polar
bond
positively/negatively
charged (and
hydrophilic)

5:22
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amino acids and proteins

folding molecules

® amino acids linked together via
dehydration reactions to form
long chains (polypeptides)

o carboxyl group of one amino
acid bonds to the amino group
of another amino acid

o the alpha carbons, carboxyl
groups, and amino groups form
long, straight backbone

o side chains stick out of this
backbone

o hundreds of amino acids long

R NATNAZA

5:53

e polypeptides fold into proteins

O

polypeptide backbone bends, spirals, and
twists to form helices, sheets, globules, etc.
protein shape stabilized by interactions
between the side chains of amino acids, often
on far away parts of the polypeptide

these interactions aren’t covalent bonds (what
holds up the polypeptide); they’re hydrogen
bonds, ionic bonds, etc.




protein and structure

why proteins are the most important
biological macromolecule

® the order of amino acids in a

protein determines the shape it
folds into; the shape of a protein
determines its function

® proteins are everywhere and

responsible for everything

o almost all chemical reactions in
your body are being catalyzed by
proteins (enzymes)

o some are structural or signalling
(communicate between cells)
proteins execute DNA instructions

o proteins are fundamental for life

6:18
e secondary structure (alpha helices and beta
sheets) held together by hydrogen bonds

o lecture 1: hydrogen bonds are relatively
weak non-covalent bonds due to partial
charges in polar molecules

o two polar side chains can form a hydrogen
bond and stabilize helices/sheets
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structural proteins in food

shape determines function

® collagen composed of three long

intertwined alpha helices (triple helix)
o found in skin, cartilage, bones,
tendons, ligaments
o fibrous/stretchy due to helices

e gelatin made of collagen

o gelatinous/bouncy texture: jello,
gummies, marshmallows

o stabilizer/thickener in dairy products
(tastes like emulsified fat)
harvested from leather/fish
gelatinous layer after refrigerating
chicken stock/broth

6:48

gluten (lecture 1) in wheat adheres

flour/makes dough elastic and chewy
disulfide bridge cross-linking (cysteine)
‘hard’ bread flour higher in gluten; soft cake
flour lower in gluten to crumble
shortening/saturated fats inhibit
cross-linking responsible for chewiness

@)

@)




the taste of proteins

origins of umami

® proteins have a vast range of tastes
and often don’t taste like anything

® amino acids (building blocks of proteins),

however, often taste savory
o especially glutamate
o umami (taste of glutamate) is
synonymous to savory
o animals evolved to like savory/umami
foods so they would enjoy the taste of
protein and not be protein deficient

O O

HO OH
NH,

5:09

soybeans don’t taste very savory, but if
you ferment them, its proteins break down
into amino acids, creating soy sauce

O

rich in glutamate and umami flavor
proteins are broken down through
hydrolysis (opposite of dehydration)
dehydration joins amino acids and
produces water; hydrolysis consumes
water to unlink amino acids
enzymatic browning (lecture 4)



artificial savoriness

and controversy?

® cheap soy sauce is not fermented, but

contains artificially hydrolyzed
vegetable protein
o breaks down soybean/corn protein in
the same way, producing free amino
acids like glutamate and umami
o uses acid/enzymes extracted from
mold to accelerate process
o also in snacks, soups, canned/frozen
foods, seasoning as additive
o tastes a bit different, but not
especially unhealthy

® monosodium glutamate (MSG) is

composed of sodium ionically bonded to
glutamate; salty and savory seasoning

5:38

e MSG controversy/Chinese restaurant
syndrome?

o

o O O O O

started with letter by Kwok to New England
Journal of Medicine reporting headaches
later revealed to be a prank

popular culture persistence, xenophobia
generally has no side effects

MSG found naturally in tomatoes, cheese
some evidence for excitotoxicity after very
high consumption (interference with
neurotransmitters)



these slides lecture notes feedback form
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food (bio)chemistry!
lecture 4
carbohydrates

sovannjet lim and boheng cao
march 28, 2026



carbohydrates, part 1

a brief intfroduction

e the term ‘carbohydrate’ refers to what
we would call sugars in everyday life,
along with many other related molecules

e dall carbohydrates have carbon, hydrogen,
and oxygen; some also have other elements

o

carbohydrates is a somewhat misleading
term — all molecules we’ve covered so far
(fats and proteins) also have carbon,
hydrogen, and oxygen, so carbohydrates
aren’t special in this regard
carbohydrates must have these atoms
arranged in a specific way, which is what
distinguishes them (next slide)

2:15

Source: Wikipedia

carbohydrates come in many sizes:

o

(@]

monosaccharides are the smallest
disaccharides are made of two
monosaccharides joined together by a
dehydration reaction

m lecture 2: same reaction joins

amino acids into polypeptides

polysaccharides are longer chains
composed of many (3 or more)
monosaccharides joined together by
dehydration reactions



monosaccharides, part 1

building blocks of carbohydrates

monosaccharides are the smallest
carbohydrates, and their chemical
formula is always C H, O _for some n
o e.g. monosaccharides include C,H,O,,
C.H O,, C,H.O,, and so on

363 "4 874
o this is because of the way in which all

the atoms are connected + octet rule

all monosaccharides have:

one carbonyl group (a carbon
double-bonded to an oxygen); and

all other carbons are bonded to hydroxyl
groups (oxygen single-bonded to a
hydrogen)

(A and B are other parts of the molecule)

~o

’ B hydroxyl H—C—% OH,‘I

groups

H——C —(TOH '

CH,0H!

D-glucose

0
C
A~ B

carbonyl group

carbonyl (or
aldehyde)

.- Sy

CHYOH |
D-ribose

hydroxyl group
(R is another part of
the molecule)



monosaccharides, part 2

molecules big and small e many monosaccharides have the same
chemical formula, but have these atoms
® most common monosaccharides: connected in different ways (structural
n=5(CH, 0., pentoses) and isomers) and have different properties
n=6(CH_O,, hexoses) o e.g.dall hexoses have the formulg _
o =ose suffix means ‘monosaccharide’ CeH,,0,, yet there are many varieties

o these varieties have their carbonyl
group (C=0) attached in different
places, or their hydroxyl groups (O-H)
in different orientations

o pentoses found in DNA and RNA
(nucleic acids)
o hexoses are everywhere!

® properties of monosaccharides
o polar, hydrophilic, and soluble in water
m polar covalent bonds between oxygen
and carbon (lecture 1: different
electronegativity between C and O)
o what we would call ‘sugars’ in everyday life
o some are sweet; all are crystalline

Source: Wikipedia

3:50



pentose and hexose gallery

OH
OH OH

ribose (pentose)
part of RNA; mildly sweet (0.3)
deoxygenated form (deoxyribose)
found in DNA

O HO

HO

HO

ribulose (pentose)
intermediate of many biochemical
pathways (e.g. photosynthesis)

all sugars represented as line structures; recall 4:55

implied (not drawn) presence of carbons at each
vertex and hydrogens whenever necessary to
make sure that each carbon has 4 total bonds

OH OH
HO

§

OH OH
glucose (hexose, aldose)
ubiquitous in biology; direct

product of photosynthesis;
sweetener (0.74)

note that ribose has its carbonyl
group at the end of the carbon
chain, whereas ribulose has the
carbonyl group in the middle

as a result, ribose is an aldose;
ribulose is a ketose

O

OH O

HO

OH OH

fructose (hexose, ketose)
common in fruits, root vegetables, flowers,
sugarcane; in artificial high-fructose corn
syrup; very sweet (~1.5)

OH OH

HO

OH OH

galactose (hexose, aldose)



intermission: chirality

when molecules have left and right

some molecules have an evil twin

o  almost all glucose in nature is D-glucose, or
right-handed glucose (figure on the right)

o in the laboratory, however, you can make L-glucose,
or left-handed glucose (figure on the left)

o  exactly the same, but everything is reflected as if in
a mirror; e.g. hydroxyl (OH) groups that were on the
left are now on the right, and vice versa

these molecules are different for the same reason
that your left and right hands are different

o your left and right hands are mirror images of °
each other, but if you chopped them off, you’d
always be able to tell which is which

o  this is because your hands have a front and
back, just like these molecules!

o not all molecules behave like this, but all
monosaccharides and amino acids are like this
because they have asymmetric carbons
(carbons attached to 4 different things)

H\140 H\léo 7:58
HO—C—H H4%—OH
H—C—OH HO—C—H
Ho—“c::—H H—“c::—OH
HO—5(|3—H H—5C|:—OH
"CH,OH "CH,OH
L-glucose D-glucose

left-handed; from laboratory  right-handed; in nature

invert sugar syrup in processed

food
o  has left-handed (laboratory)
version of glucose
o  about the same as normal
sugar syrup, but a bit sweeter
o in honey, jam, fondant,
candies, wine, kombucha




rings!

we lied on the last slide :(

® pentoses (5-carbon) and hexoses
(6-carbon) don’t usually look like the
structures on the previous slide in nature

e when dissolved in water, they bond to

themselves (anomerize) and form rings

o hexoses can form either hexagonal rings
(pyran) or pentagonal rings (furan)

o each vertex of aring is a carbon, except
for one vertex (the location of the
carbonyl), which is an oxygen

o hydroxyl groups attached to carbons
stick up or down from the ring

o pyranrings have 1 carbon outside the
ring; furan rings have 2 carbons outside

OH C_)H 5:58

HO

g

O

OH  OH CH,OH

O

glucose (straight chain form)
very rare in solution

OH

H O “\\\\\C HZO H
o OH OH
OH OH
OH glucose
(pyran/hexagonal ring)
most common form when
OH dissolved in water
glucose

(furan/pentagonal ring)
slightly rarer



representations of glucose 7:30

many ways of saying the same thing

H——OH
@)
H—r—OH OH HO
HO
H——OJ OH OH OH
CH,OH OH OH
1 2 3 4

&

Different projections of a-D-glucopyranose. 1 = Fischer projection with C-1
at the top of the anomeric centre. C-5 is the anomeric reference atom. 2, 3 =
Haworth projections. 4 = Mills projection.




disaccharides CH,OH 5:58

0 CH,OH
and then there were two O sucrose
OH HO (glucose + fructose)
. o OH O CHon table sugar (from
® two monosaccharides can be joined sugarcane or sugar
through a dehydration reaction OH OH beet); what “sugar
. L . generally means in
o lecture 2: same reaction can join amino everyday life
acids into polypeptides lactose
o produces water molecule as byproduct  (glucose + galactose) OH OH OH
o after joining two hexoses, the chemical  found in milk; 65% of Q HO OH
formula of the disaccharide is peolol'e CG”’T_d'gles‘“ and  HO o 9
) _ are lactose intolerant; OH
CeH120, + CH 1,0, - H,0 = C1H,00 not very sweet (0.16) OH
® resulting covalent bond called a glycosidic OH
bond and is commonly attached on either maltose
one of two different positions on rin HO Q OH (glucose + glucose)
P 9
o either 4’ position or 6’ position HO found in honey and
o 4’ and 6’ indicate which carbon on the HOQ Q hydm'yzef' TT:rc.h
ring the bond is attached to HO (see next slide);
HO weakly sweet (0.3)

OH



polysaccharides AV AR ) 7:48

' a i : cellulose
B om0 o B wo on manv alucoses
and then there were many = 0 % 2 %W (STmigh?, IocWHQI)
0~ oMo, om0~ o on  strands weakly held by
e we can repeatedly join more and more ° %"O o-é%"% " hydrogen bonds; why
monosaccharides using dehydration A o on B . o o wood is strong/celery is
reactions to get a polysaccharide O%Og 00%0% crunchy
® polysaccharides can be long and straight,
or branched N i "°
o at each branch, monosaccharide has two L s
connections (one at 4’ and one at 6’) OH
® branched polysaccharides used for energy o 0
storage (compact; many points from which . O,:'O 0o i AMYLOPECTIN
monosaccharides can be ‘torn off’); straight éHO Q 0 amylopectin
polysaccharides are structural and rigid HO | o on (a type of starch,
HO many glucoses)
® generally not sweet; taste receptions HOoHO 0 h;f’ohrnger?nn;:‘;:;;rﬁgr
attenuated to simple (mono- or HOX...- common carbohydrate
disaccharides), which are easy to digest in food (most staples

like rice/bread)



polysaccharide gallery

COOH OH COOH
Q O o) O
: OH OH OH
o) 0 0
OH COOH OH

pectin (many linked galacturonic acid
and rhamnose; some xylose)
e mix of straight and very branched
regions with methyl groups
e found in crunchy/hard fruit (apples,
pears, apricots, orange peels)
e holds hard flesh of fruit fogether
and is crunchy
° used to thicken food/create
jelly-like texture, stabilize drinks,
make fruit snack/gummy candies
e one type of dietary fiber (you
can’t digest it, so it passes through;
cellulose is also fiber)

OH

OH

COOH

8:20

chitin (many N-acetylglucosamine)

contains nitrogen in amine group
(unusual for carbohydrates)

very long, straight chains

found in mushrooms/fungi, insect
shells, crustacean/mollusc shells
translucent and flexible but hard to
break due to hydrogen bonding
between nitrogens

why insects and mushrooms are
crunchy
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recap & preview

we’ve covered a lof!

(as noted in the course description) for each of these molecules, we will discuss:
° their chemical structure
° their reactivity in the kitchen
° their function and metabolism in the body
° what these mean for your everyday interactions/experiences with food

8:26

food group

biological molecule

structure

reactivity

metabolism

fats

proteins

grains

fruits/
vegetables

fiber (various polysaccharides)

vitamins, minerals, antioxidants

lecture 5 (ft. two demos! (hopefully))

lecture 6




(as noted in the course description) for each of these molecules, we will discuss: 8:26
° their chemical structure °
their reactivity in the kitchen

[ ]
We,Ve cove red a IOT! ° their function and metabolism in the body
[ ]

what these mean for your everyday interactions/experiences with food

recap & preview

food group | biological molecule structure reactivity metabolism

fats lipids saturated, unsaturated, trans nonpolar/hydrophilic lecture 6

(o}

AN, Stearic H H
@) emulsification:

(0] )
X»OJ\/\/\/\/W\/\/\/OHC mix nonpolar + polar via emulsifier
OM/V\/\/\ oleic
o

EMULSION

proteins amino acids (monomer) alpha helices, beta sheets, disulfide bridges buildup: dehydration synthesis
breakdown: hydrolysis

proteins/polypeptides (polymer)
non-enzymatic browning (lecture 5: enzymatic browning)
- caramelization: sugars self-react
- Maillard reaction: sugar + protein react

@*ﬂ’}

Carboxyl
Group

lecture 6: taste receptors as examples of proteins

grains carbohydrates (“sugars”) mono-, di-, polysaccharides

OH
fiber (various polysaccharides) CH;0H HO o) OH
o CH,0OH HO
0o HO
OH HO or =2
OH o CH,OH HO
OH OH OH

fruits/ fiber (various polysaccharides) lecture 5 (ft. two demos! (hopefully))
vegetables

vitamins, minerals, antioxidants



food (bio)chemistry!
lecture 5

sugar reactivity,
redox & radical reactions

sovannjet lim and boheng cao
april 4, 2026



infroduction to caramelization

e to caramelize monosaccharides and
disaccharides, we heat them for a long time

(@]

(@]

o

sometimes a few seconds; often hours
sugars react to form non-sugar products
very specific conditions to prevent
burning or other cooking reactions
temperature depends on type of sugar,
acidity, water; generally >120°C (high)
brown color; nutty/buttery flavor

7:35

foods with caramelized ingredients:

o

caramel sauce (caramelized sugar +
cream), in creme caramel, caramel apples
dulce de leche/milk sugar/dodol
(caramelized milk/coconut milk)
caramelized onions, French onion soup
toffee (caramelized sugar + butter)




non-enzymatic browning, part 1: caramelization

reactions within/among sugars

Caramelization

temperatures(3]
Sugar ¢ | Temperature ¢
Fructose | 105 °C (221 °F)
Galactose | 160 °C (320 °F)
Glucose | 150 °C (302 °F)
Sucrose | 170 °C (338 °F)
Maltose | 180 °C (360 °F)

(a) Fischer projection

(b) Three-dimensional

(c) Cyclic monosaccharide
representantion

CARAMELIZATION ik

Caramelization is the non-enzymatic browning of sugar by heat.

CHZOH
CHZOH
(0]
OH 0
CHZOH | | ﬂ\ /7
Sucrose (table sugar) C
heat Maltol (toasty) Furan (nutty)
CHZOH 20H OH flavor and aroma molecules
water
lost O O
heat CH20H )H( )ko/\
Glucose OH s o Eth();lr:ic;t):ate
Caramelan, caramelen, and (?)iaéetyl)
uttery,

caramelin give the brown color.

7:35

Table sugar (Sucrose)

OH
HO
0.
OH HO
H 0
H H OH
A
180-200°C o
0, (
OH
HO A \ _/ 9
. Decomposition into 9
OH HO™  aroma molecules fljim
—_—
H [ <
H H H o g o) (o}
Gl 5 Fructose w o
lucose
A
Oligomerization
OH
0.
o HO A 12H,0 18H,0 -27H,0
OH
H H loss of C2H,20, c:sHuou C.H,0;
H water Car: Car li Car v
molecules

Sticky compound

Caramelization is a complex, poorly understood process that produces hundreds of chemical products, and

includes the following types of reactions:

\

H ™
~H—A
=0
-~
»H——C—O0H
S i
Aldose

R

Ene-diol intermediate

condensation reactions

H L]
l _OH e intramolecular bonding
(|‘=o / e isomerization of aldoses to ketoses
IL ¢ dehydration reactions
« fragmentation reactions
o ¢ unsaturated polymer formation

equilibration of anomeric and ring forms

sucrose inversion to fructose and glucose <@ hYd rOIYSiS

T dehydration synthesis

- condensation: combine 2 molecules
- dehydration: loss of H,0



rings!

we lied on the last slide ( HO

OH OH

e pentoses (5-carbon) and hexoses (6-carbon) (_)H (_)H

don’t usually look like the structures on the
previous slide in nature

very rare in solution

e when dissolved in water, they bond to
themselves (anomerize) and form rings HO “‘\\\\\CHon

O

hexoses can form either hexagonal rings

(pyran) or pentagonal rings (furan) @)

each vertex of a ring is a carbon, except for OH

one vertex (the location of the carbonyl),

which is an oxygen OH
hydroxyl groups attached to carbons stick

up or down from the ring OH
pyran rings have 1 carbon outside the ring;

furan rings have 2 carbons outside glucose
(furan/pentagonal ring)

slightly rarer

g

glucose (straight chain form)

5:58

CH,OH

O
OH

OH OH
OH

glucose
(pyran/hexagonal ring)
most common form when
dissolved in water



pentose and hexose gallery

OH OH

ribose (pentose)
part of RNA; mildly sweet (0.3)
deoxygenated form (deoxyribose)
found in DNA

O HO

HO

HO

ribulose (pentose)
intermediate of many biochemical
pathways (e.g. photosynthesis)

all sugars represented as line structures; recall 4:55
implied (not drawn) presence of carbons at each

vertex and hydrogens whenever necessary to make
sure that each carbon has 4 total bonds

OH OH
HO

g

OH OH
glucose (hexose, aldose)

ubiquitous in biology; direct product
of photosynthesis; sweetener (0.74)

note that ribose has its carbonyl
group at the end of the carbon
chain, whereas ribulose has the
carbonyl group in the middle

as a result, ribose is an aldose;
ribulose is a ketose

O

HO™ ™
OH OH

fructose (hexose, ketose)
common in fruits, root vegetables, flowers,
sugarcane; in artificial high-fructose corn
syrup; very sweet (~1.5)

OH OH

HO

OH OH

galactose (hexose, aldose)
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infroduction to Maillard reactions

non-enzymatic browning, cont.

e the Maillard reaction occurs when searing,
grilling, baking, frying from 145 to 160 °C

(@)

O

(@)

ubiquitous in cooking: “the most widely
practiced chemical reaction in the world”
hundreds of different volatile flavor
compounds and long colorful compounds
completely different from caramelization,
but effects may seem similar at first sight

7:35

e effects of the Maillard reaction:

o

@)
@)
@)
@)
@)
@)

brown crust on baked goods (e.g. bread)
bread/cracker-like flavor in baked goods
golden color of fried foods
darkening/browning of grilled meats
aroma of roasted foods

color and taste of chocolate and coffee
acrylamide formation (possibly
carcinogenic?) at very high temperatures
for fried foods (e.g. French fries)




non-enzymatic browning, part 2: Maillard reaction

7

48

reaction between sugar + protein

A GUIDE TO THE MAILLA

The Maillard reaction occurs during cooking, and it is responsible for the non-enzymatic browning of fo
of reactions, and can occur at room temperature, but is optimal between 140-165°C. The Maillard

The carbonyl group on a sugar reacts with a protein or amino acid’s amino
group, producing an N-substituted glycosylamine.

SUGAR (GLUCOSE) + AMINO GROUP —>

GLYCOSYLAMINE
(+ WATER)

The glycosylamine compound generated in the first step isomerises, by
undergoing Amadori rearrangement, to give a ketosamine.

w
=
=
<
3
=
a
o
o
5
@ 1,2-ENAMINOL AMADORI COMPOUND
The ketosamine can react in a number of ways to produce a range of
different products, which themselves can react further.
© ©
I
© © ©
© ©

FISSION PRODUCTS HYDROXYMETHYLFURFURAL

REDUCTONES

The Maillard reaction p
contribute to flavour an
Melanoidins are also fo
to the colouration of m

PYRAZINES
cooked
roasted
toasted

0]
(6]

=

FURANONES
sweet
caramel
burnt €l

© COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook:

This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.
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OH OH

non-enzymatic browning, part 2: Maillard reaction = . _ ;o3 . _ [o.8:09

reaction between sugar + protein

A GUIDE TO THE MAILLARD REACTION

The Maillard reaction occurs during cooking, and it is responsible for the non-enzymatic browning of foods when cooked. It actually consists of a number
of reactions, and can occur at room temperature, but is optimal between 140-165°C. The Maillard reaction occurs in three stages, detailed here.

The carbonyl group on a sugar reacts with a protein or amino acid’s amino aadm q‘ MaEUard ﬂeactioﬂ (Producw
group, producing an N-substituted glycosylamine.

. .
. .
. .
: o .) :
. ,.)‘5 .
. .
© . .
6 + TheMai of these ¢
© e contriby fI d d below. o
¢ vesno  TIAVOF COMPOUNAS [ -
SUGAR (GLUCOSE) +  AMINO GROUP — GLYCOSYLAMINE » tothec o o_glc
(+ WATER) s 0 & o g
. .
NH R mel d
The glycosylamine compound generated in the first step isomerises, by . ‘/\N / z P : e G nOI I nS
undergoing Amadori rearrangement, to give a ketosamine. b+ NJ / | s HO
: N v ) (brown)
. .
S . .
s : PYRAZINES PYRROLES ALKYLPYRIDINES ACYLPYRIDINES :
< . cooked cereal-like bitter cracker-like .
% . roasted nutty burnt cereal .
] . toasted astringent 3
5 . .
@ 1,2-ENAMINOL AMADORI COMPOUND . o) o
. o 0] S .
. (0] / / \ .
The ketosamine can react in a number of ways to produce a range of : p :
different products, which themselves can react further. . 2 / \ .
. N .
. .
© © © : FURANONES FURANS OXAZOLES THIOPHENES :
I . .
@.I sweet meaty green meaty
© © © © = © © ©/@ . caramel burnt nutty roasted s
> burnt caramel-like sweet .
FISSION PRODUCTS REDUCTONES HYDROXYMETHYLFURFURAL ®ec0cccc00c0000000000000000000000000000000000000000°
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non-enzymatic browning, part 2: Maillard reaction | .iqnts 8:09

e sugar
e protein (amino acid)
A GUIDE TO THE MAILLARD REACTION | |ventuab products

e melanoidins (brown)

Th bonyl ts with tei i id’s ami i L
0g;:;'pzzvugaz“s:aizf,zz:;f:; e o or smino acids smino LG b A accelerated by

reaction between sugar + protein

The Maillard reaction occurs during cooking, and it is responsible for the non-enzymatic browning of foods when cooked. It actually consists of a number
of reactions, and can occur at room temperature, but is optimal between 140-165°C. The Maillard reaction occurs in three stages, detailed here.

. .
. .
. .
: ) e heat
. .
. —— 3 « .
. .
: : e alkalinity (why?)
+ TheMai of these ¢
e contriby fI d d below. o
¢ vesno  TIAVOF COMPOUNAS [ -
SUGAR (GLUCOSE) +  AMINO GROUP — GLYCOSYLAMINE » tothec o o_glc
(+ WATER) e 0 & o g
. .
NH R mel d
The glycosylamine compound generated in the first step isomerises, by . ‘/\N / z P : e q no' I ns
undergoing Amadori rearrangement, to give a ketosamine. b+ NJ / N | s b HO
: N NS (brown)
. .
|- . .
g : PYRAZINES PYRROLES ALKYLPYRIDINES ACYLPYRIDINES :
< . cooked cereal-like bitter cracker-like .
% . roasted nutty burnt cereal .
] . toasted astringent 3
5 . .
@ 1,2-ENAMINOL AMADORI COMPOUND . o) o
. o 0] S .
. (0] / / \ .
The ketosamine can react in a number of ways to produce a range of : /) :
different products, which themselves can react further. . / \ .
. FZ N .
. .
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I ® sweet meaty green meaty 2
© © & © © . caramel burnt nutty roasted s
> burnt caramel-like sweet .
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non-enzymatic browning, part 2: Maillard reaction

reaction between sugar + protein

A GUIDE TO THE MAILLARD REACTION

The Maillard reaction occurs during cooking, and it is responsible for the non-enzymatic browning of foods when cooked. It actually consists of a number
of reactions, and can occur at room temperature, but is optimal between 140-165°C. The Maillard reaction occurs in three stages, detailed here.

The carbonyl group on a sugar reacts with a protein or amino acid’s amino
group, producing an N-substituted glycosylamine.

SUGAR (GLUCOSE)  +  AMINO GROUP — GLYCOSYLAMINE
(+ WATER)

The glycosylamine compound generated in the first step isomerises, by
u ing Amadori rear togivea ine.

GLYCOSYLAMINE

1,2-ENAMINOL AMADORI COMPOUND

The ketosamine can react in a number of ways to produce a range of
different products, which themselves can react further.

FISSION PRODUCTS REDUCTONES HYDROXYMETHYLFURFURAL

AN A )

The Maillard reaction produces hundreds of products; a small subset of these
contribute to flavour and aroma, some groups of which are described below.

Melanoidins are also formed, brown, polymeric substances which contribute
to the colouration of many cooked foods.

PYRAZINES PYRROLES ALKYLPYRIDINES ACYLPYRIDINES
cooked cereal-like bitter cracker-like
roasted nutty burnt cereal
toasted astringent

o o o)
i @ / s \
V Z g
P> N X

FURANONES FURANS OXAZOLES THIOPHENES
sweet meaty green meaty
caramel burnt nutty roasted

burnt caramel-like sweet

eeecccccccccscesessesessssssssssssseseesesssssse
®eeececcscccscccsessesessssssssssscscsesccsesssssne

®eccccccce

cscccee
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8:09

reactants

e sugar

e protein (amino acid)
(eventual) products

e flavor compounds

e melanoidins (brown)
accelerated by

e heat

e alkalinity (why?)

recommended viewing: MinuteFood



https://www.youtube.com/watch?v=5lKzZc_OO7U
http://www.youtube.com/watch?v=5lKzZc_OO7U&t=49

recap & preview

we’ve covered a lof!

(as noted in the course description) for each of these molecules, we will discuss:
° their chemical structure
° their reactivity in the kitchen
° their function and metabolism in the body
° what these mean for your everyday interactions/experiences with food

8:26

food group

biological molecule

structure

reactivity

metabolism

fats

proteins

grains

fruits/
vegetables

fiber (various polysaccharides)

vitamins, minerals, antioxidants

lecture 5: redox and radical reactions

lecture 6




recap & preview

we’ve covered a lof!

(as noted in the course description) for each of these molecules, we will discuss:

their chemical structure

their reactivity in the kitchen

their function and metabolism in the body

what these mean for your everyday interactions/experiences with food

8:26

food group

biological molecule

structure

reactivity

metabolism

fats

lipids

saturated, unsaturated, trans
o .

N
(0]

(0] )
XOJJ\/\/\/\/M/\/\/OleIC
OM/V\/\/\ oleic

o

stearic

nonpolar/hydrophilic

emulsification:
mix nonpolar + polar via emulsifier

EMULSION

proteins

amino acids (monomer)

proteins/polypeptides (polymer)

alpha helices, beta sheets, disulfide bridges

Carboxyl
Group

lecture 6: taste receptors as examples of proteins

grains

carbohydrates (“sugars”)

fiber (various polysaccharides)

mono-, di-, polysaccharides

CH,OH

OH
Q
o CHoOH HOL OH
o HO o)
OH HO o7
OH ¢} CH,OH
HO0H
OH  OH

buildup: dehydration synthesis
breakdown: hydrolysis

non-enzymatic browning (lecture 5: enzymatic browning)
- caramelization: sugars - flavors + caramelans/caramelens/caramelins
- Maillard reaction: sugar + protein > flavors + melanoidins

& &
WAy

fruits/
vegetables

fiber (various polysaccharides)

vitamins, minerals, antioxidants

lecture 5: redox and radical reactions

lecture 6




antioxidants (examples) 8:09

ANTIOXIDANT SOURCES BENEFITS

Vitamin C Citrus fruits, berries, | Boosts immune system, promotes

| |
| bell peppers | collagen production
| |

P T Bad o
Vitamin E . Nuts, seeds, | Protects cell membranes,

| vegetable oils | supports cardiovascular health
________ L L o
Beta-carotene : Carrots, sweet : Converted to vitamin A in the

| potatoes, spinach | body, supports eye health
________ +__________{._____._.____._____

Tomatoes, Protects skin from UV damage
watermelon, pink

grapefruit

Lycopene



free radicals & reactive oxygen species (ROS) 18:52

unpaired e is unstable & reactive

Reactive Oxygen Species

H-0- [H-0]
A B
T T o5 s o oo m o5 ss 92—
free radicals rescationts ROS 0=0 [:0-0] [:0-0]
C D E
Oxygen radicals
T H,0, H-0-0-H N0
o c H—C RO ROO ROOI] F G
o H = \u H e \Q : < Lewis structure of some of the =
byl " OH (OX reactive oxygen species.
a chlorine a methy a methoxy : . . >
radical radical radical 0, A: hydroxyl radical (HO );

B: hydroxide ion (HO");

C: singlet oxygen (102);

D: superoxide anion (O,");
E: peroxide ion (Og_);

F: hydrogen peroxide (H,0,);
G: nitric oxide (NO")



free radicals & reactive oxygen species (ROS) 18:52

— oxidative cell damage

Reactive Oxygen Species / ’ \
_ (ROS)

LIPID PROTEIN
0, (Superoxide anion) 0 H O (ieio) (erOTEW)
0.2 . (NJKNH N NH . :
0,— 2 (Peroxide) — . '

'DNA base oxidation I Lipid peroxidation

Protein carbonylation
3 / NH, / N~ NH, * L
‘OH (Hydroxyl radical) : ; ‘:
. Guanine (G 8-oxo0-G 8-0x0G i
~— OH" (Hydroxide) (@) o ""°(";|';:;"‘V"' H
H,N NN & NZN%N/YNHm
0 Y T )=o0
i I N ~N>= m
/4\ NG O o Hydroxy amino acid
H 5 HN 5 ‘
) | —=> | g
T | 6/OH o O
2 H;N
/\ P a” o S L - NHamw
H MDA + guanine —» R ﬁ/\lr
MDA-DNA adduct o
Thymine Thymine glycol (M1dG)
(o]
N| JIH
Z N
I 4
CT Y= Cr LLES
> H
teN Deoxyribose HN Deoxyribose V *
Elevated levels of oxidative DNA
Guanine

8-hydroxyguanine damage markers in cancer patiensts
8-0X0-dG




(oxidative) rancidification

radical oxidation of fats

H,0
/  + "OH _L> /  Lipid radical
H

Initiation

Unsaturated lipid
Propagation

RI\_/-‘:\“/R.‘ R,\/;\(R: (R: + R _==CH
0 OH (e}
Ketone Alcohol Aldehyde Hydrocarbon

4:29

A

short(er) chains;
often taste bad

3 %f

Lipid peroxide Lipid peroxyl radical

oxygen absorber

(R: + R0

Unsaturated aldehyde

(Rz

OH

Aldehyde Alcohol




melanin structure & production

a brown pigment

Melanin

O N—(cooH)
N
H
O N—(COoOH)
N

O \ (COOH)

@)

Tz _ o T

OH

One possible structure of eumelanin

Material type Heterogeneous biopolymer

TYROSINE©/>\

* T-ase

HO
T-ase
COD ey c00™
o H3N+ TRP1 o H N

DOPA DOPAQUINONE
Spontaneous
steps

0,
coo™ m
L COV HO N RP yA

Siow DOPACHROME

A

HO \ HO CYCLODOPA
5,6-DHI N\ -
m DHICA -
HO H \
T-ase l Siver ? l TRP1

IQCAm 00~

=

]z—z>:-mgcm|

0
5,6-|me
0 N

H

x

4:29

+ CYSTEINE (GSH)
SH
HO

HN

HO

*HO

5-CYSTEINYLDOPA
HO

€00~
uil NH

)\/s
~00C

BENZOTHIAZOLINE

| PHEOMELANIN
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Hﬁ | — M PI{L/\“H \O/\ S
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s R o H / \OH 17 \H' H/C\OH @
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food (bio)chemistry!
lecture 6
biology:
taste receptors, metabolism

sovannjet lim and boheng cao
april 11, 2026



taste receptors

taste molecules bind — send signal to cell

Sweet receptor heteromer Bitter receptor Umami receptor heteromer Kokumi receptor dimer
TAS1R2/TASIR3 TAS2Rs TAS1IR1/TASIR3 CaSR

VFD ]
ECD
CRD
TMD.
Sema 3A

O~ 9%

Sema 7A Ga gust

l Ga-q/11
P3R K /\’ DAG
° IP3
° Ca2+ Ca2+ °
ER o X
°N
ATP a+ 5 o &
Intracellular CALHM1/3
J adionpotenﬂal
extracellular No+ Na+
L - ATP' VGNC TRPM4/5

https://www.rcsb.org/ ! | %03
A | I
neutral pH acidic pH
m % m inactive MCL
hT1R2-hT1R3 hT1R2-hT1R3
m active MCL
no activation activation
B sweeteners sweeteners

N/ NS
00

hT1R2-hT1IR3 hT1R2-hT1R3

2X2/P2X3
afferent
cranial nerve

MCL = miraculin

(from the Ledidi berries!) l. ﬂ
to gustatory

cortex

activation less activation


https://www.rcsb.org/

active sites 4:05

where enzymes catalyze reactions

PROTEIN STRUCTURE

Scaffold to support and
position active site

Enzyme changes shape Products
Substrate slightly as substrate binds

Active site (

ACTIVE SITE

ﬁ‘
w, Substrate entering Enzyme/substrate Enzyme/products Products leaving
active site of enzyme complex complex active site of enzyme

-

=




structural proteins in food

shape determines function

® collagen composed of three long

intertwined alpha helices (triple helix)
o found in skin, cartilage, bones,
tendons, ligaments
o fibrous/stretchy due to helices

e gelatin made of collagen

o gelatinous/bouncy texture: jello,
gummies, marshmallows

o  stabilizer/thickener in dairy products
(tastes like emulsified fat)

o harvested from leather/fish
gelatinous layer after refrigerating
chicken stock/broth

6:48

gluten (lecture 1) in wheat adheres

flour/makes dough elastic and chewy
disulfide bridge cross-linking (cysteine)
‘hard’ bread flour higher in gluten; soft cake
flour lower in gluten to crumble
shortening/saturated fats inhibit
cross-linking responsible for chewiness

o

o




prolyl hydroxylase & lysyl hydroxylase 4:29

en route to collagen

Fe(IV)=0 Fe(ll)

® collagen composed of three long

intertwined alpha helices (triple helix)
o found in skin, cartilage, bones,
tendons, ligaments L-proline hydroxyproline
o fibrous/stretchy due to helices
in order to make tight helices, need
hydroxyproline and hydroxylysine! 9 Fe(lv)=C Felll) OH O

H2N \/\/\HkOH ‘ t H2N \/\/\‘)‘J\OH

NH, NH,

HOw

L-lysine hydroxylysine



cofactors

enzyme assistants

now

metabolism (rest of lecture 6)

previously mentioned (lecture 3 “fag”)

Non-vitamins |[edit]

Cofactor

Adenosine triphosphatel43] Phosphate group

Methyl group

S-Adenosyl methioninel#*!
Coenzyme BIA4SI Electrons
Coenzyme MI461147] Methyl group

Coenzyme Qi8] Electrons

Cytidine triphosphatel49] Diacylglycerols and lipid head groups
Glutathione5251] Electrons |

Chemical group(s) transferred

Hemel®2] Electrons
Lipoamidel®! Electrons, acyl groups

Methanofuran(®] Formyl group

Molybdopterin(54I55] Oxygen atoms

Nucleotide sugars(5€! Monosaccharides
Mphoadenosine-?-mmosuIfate[ﬂ]7 Sulfate group

Pyrroloquinoline qm@] Electrons
Tetrahydrobiopterin®?!

Tetrahydromethanopterin(6 Methyl group

Oxygen atom and electrons

Distribution

Bacteria, archaea and eukaryotes

Bacteria, archaea and eukaryotes

Methanogens
Methanogens

Bacteria, archaea and eukaryotes

Bacteria, archaea and eukaryotes

Some bacteria and most eukaryotes

Bacteria, archaea and eukaryotes

Bacteria, archaea and eukaryotes

Methanogens

Bacteria, archaea and eukaryotes

Bacteria, archaea and eukaryotes

Bacteria, archaea and eukaryotes

Bacteria

Bacteria, archaea and eukaryotes

Methanogens

Vitamins and derivatives [edit]

Cofactor / Prosthetic ) ) Additional )
Vitamin Chemical group(s) transferred
group component
Thiamine Thiamine (B1) hosphat 2.carb |
lamine ropnosphate ~-carbon groups, a cleavage

prphosphate@] lhiamine (B4 Ryrophosphate group g
NAD* and NADP*[33] Niacin (B3) ADP Electrons

Pyridoxal phosphatel34! | Pyridoxine (Bg) | None Amino and carboxyl groups

Methylcobalamin35] Vitamin B1p Methyl group acyl groups
. Cobalamine
Cobalamineld! None hydrogen, alkyl groups
(B12)
Biotin[3¢] Biotin (H) None CO,
Pantothenic acid Acetyl group and other acyl
Coenzyme AB7] — | ADP el S

(Bs)

groups

Tetrahydrofolic acid!38]

Folic acid (Bg)

Glutamate residues

Methyl, formyl, methylene and
formimino groups

Menaquinonel39 Vitamin K None Carbonyl group and electrons
Ascorbic acid0 Vitamin C None Electrons
Flavin mononucleotide[4!] | Riboflavin (By) None Electrons
Flavin adenine Riboflavin (B,) ADP Elect
iboflavin ectrons
dinucleotidel4! 2
Coenzyme F420[42] Riboflavin (B2)  Amino acids Electrons

20:01

Distribution

Bacteria, archaea and
eukaryotes

Bacteria, archaea and
eukaryotes

Bacteria, archaea and
eukaryotes
Bacteria, archaea and
eukaryotes
Bacteria, archaea and
eukaryotes

Bacteria, archaea and
eukaryotes

Bacteria, archaea and
eukaryotes
Bacteria, archaea and
eukaryotes
Bacteria, archaea and
eukaryotes
Bacteria, archaea and
eukaryotes
Bacteria, archaea and
eukaryotes
Bacteria, archaea and

eukaryotes

Methanogens and some
bacteria


https://docs.google.com/document/d/1aNVEKZYDac3acFXKLxAs_SMPpM_5sAhywgUh4t3gU-8/edit?tab=t.0#heading=h.2pzie5k9m73p

TriCarboxylic Acid/citric acid/Krebs cycle

making NADH and FADH, in mitochondria

e “the mitochondria are the powerhouse of the cel

Acetyl-CoA

0
(c] cn,—&-s-cm

Dehydrogenation:

4:05

Claisen condensation:
methyl group of
acetyl-CoA converted
to methylene in citrate.

CoA-SH

. oxidation of —OH Citrate
([ ] key | n p u T: AceTYI - COA N completes oxidation Oxaloacetate == 2
N X sequence; generates ,—C00 < T
Oy C cH, O o </ N e . - Dehydration/rehydration:
J\/\ I /) SR 0=C—C00 HO—(C—COO0 —OH group of citrate
HS\/\ 0—p—0—F—0, N7y facilitate Claisen repositioned in isocitrate
O o densation in next H,—C00~ CH;—CO00 - :
(o) [e) con 2 to set up decarboxylation
step. in next step.
Acetyl-CoA “CoA” o on Citric acid cycle H,0
O o:%a_o’ (7] Malate
o Hydration: €00~
o R o
Cltl’ate double bond CHg 1 000" cis-Aconitate
introduces C CO0~
—OH group
for next
oxidation
t (3) NADH
Oxaloacetate lseeitict o
SocCitrate (Rehydratlon)
COO~
NADH - — H—J’—-COO
Citric C02 NADH HE HO—C—H Isocitrate
S 00~ FADH, €00 e
(6] Oxidative
Malate CYC|e decarboxylation:
g . ylation:
« Ket0g|uta rate pehy(jdrogena!flon. —OH group oxidized
double bond mittes e
UL L CO, turnfacilitates
COy methylene oxidation CH,—C00 decarboxylation by
sequence. H, stabilizing carbanion
Fumal’ate NADH (]: —0 formed on adjacent
Succinate COO~ CH,—C00~ carbon.
0-
: CoA-SH -Ketoglutarate
FADH Succinyl-CoA CoASH I R
5 @B cpp 6 h . °
H e Oxidative decarboxylation:
SUCC I nate Substrate-level phosphorylation: IAL;’P) Succingh-CoA. pyruvate-dehydrogenase-like
b 5 R |

GTP
(ATP)

mechanism; dependent on

energy of thioester conserved in carbonyl on adjacent carbon.

phosphoanhydride bond of GTP
or ATP.



electron transport chain/oxidative phosphorylation

making ATP in mitochondria

Cytoplasm

1000000000000 0000000000000000000000000000000000000

Outer
membrane

Intermembrane
space

4H*

4H*

FAD
S oTP [2H*+1/202+—> Ho | x2

)OS

)OO

2H*

nH*

DOOGONOOOOGO
Inner
membrane
DO0O00000OO
Mitochondrial
matrix
NADH NAD*| | FADH,
+2H*
ADP ADP
Rib”” Rib~”
{ {
| X Reduction | |
—_
o < O
7 Oxidation
H NH, H H NH,
NAD" + H" + 2¢= —> NADH

I

Electron Transport Chain

o
N
I)i iﬁ‘\w —
———
S
N N o
|
R

FAD + 2H"+ 2e

8:09

uses NADH & FADH, from
TCA cycle

“ATP is the energy
currency of the cell”

“the mitochondria are the
powerhouse of the cell”

ADP
P.
i NH,
[e) N XN
4
ﬁ Ho—P—0—b—0 ] _
Pronne + | | o NN
_O/\ (e) OH  OH
o
OH OH \
NH,
o o o N SN
I I I </ |
HO—P—0—P—0—P—0._ y o
& & & S, WTOw + N
OH OH H20
ATP




sugar breakdown: glycolysis

glucose — pyruvate —

Acetyl-CoA

ATP Glucose

6-phosphate
CH,0—®

\jp
(0]
H/H q F
OH H !
Hexokinase HO OH [Phosphogluco-
? H OH

Glucose

CH,OH
HA QH
OH H
HO OH

H  OH

Hexokinase transfers
a phosphate group
from ATP to glucose,

isomerase

Glucose 6-
phosphate is
converted to

Fructose

Fructose
6-phosphate 1,6-bisphosphate
CH,0—® CH,OH UDP ®—0cH,  CHO—®
% o
H

HO H HO
OH H OH

HO

Phospho-
fructokinase

)

HO H

Aldolase

Glyceraldehyde
3-phosphate (G3P)

HC=0
CHOH
CH,0—®

Isomerase

Dihydroxyacetone
phosphate (DHAP)

Phosphofructokinase
transfers a phosphate
aroup from ATP to the

the sugar
molecule into

Aldolase cleaves 2

cIHzo——®
C=0

I
CH,OH

2 * 2 *ﬁik
2 2H,0 2 ADP
2NAD* +2H* 2 ADP 2 2 2 2
2 i i i} i
U ®—oc]=o i C=0 i c|=o c|=o / T=O
i /‘ CHOH I | CHoH r H—CO—® co—@ | =0
Triose Phospho- | i Phospho- | Enolase ! Pyruvate |
phosphate 2 \P)l CH0—® glycerokinase CH,0—( glyceromutase CH,0H H, kinase CHy
dehyd : : ‘
gl 1,3-Bisphospho- 3-Phospho- Q 2-Phospho- Phosphoenol- Pyruvate
? glycerate glycerate | glycerate pyruvate (PEP)

4:05

Glucose

<

Fructose
diphosphate

N

':/ G/ G/G G/ G,/

2 ATP

2 ADP

c) @

Glyceraldehyde 3-phosphate  Glyceraldehyde 3-phosphate

NAD*

NADH

2 ADP

2 ATP

2 C
2 C

Pyruvate Pyruvate
CoA-SH
NAD* NADH + H™
0 o TPP
e~ Lipoate 0\  _S—CoA
l FAD SN
C=—=0 Pyruvate dehydrogenase complex
| (E, +E, +E;) CHs
CH,
Pyruvate Acetyl-CoA

NAD*

NADH

2 ADP

2ATP

+ CO,



so far... 8:09

sugar breakdown — - — ATP

CYTOSOL Electron shuttles
span membrane

: E—
GLYCOLYSIS PYRUVATE OXIDATION OXIDATIVE
C '

CITRI

ACID
Glucose mp 2 Pyruvate sy 2 Acetyl COA CYCLE

PHOSPHORYLATION

(Electron transport
and chemiosmosis)

1 — 1

by substrate-level by substrate-level by oxidative phosphorylation, depending
phosphorylation phosphorylation on which shuttle transports electrons
from NADH in cytosol

Maximum per glucose: _




sugar breakdown: fermentation

when there’s no O,

]
4
[3)
O
P
G}
Anaerobic bacteria
.- Lactic acid
2 fermentation
E ¥
®  Aspergillus Lactobacillus
5V
w : . . .
Lactic acid Lactic acid
i.e. Soy i.e. Cheese

Sauce & Yoghurt

Pyruvic acid

Ethanol + CO’

Ethanol pathway

Alcohol fermentation occurs in yeast.
2 ADP 2ATP

GlUCOSE == = = = I e é

2 NAD* 2 NADH 2 Pyruvate

BN\

CH, CHy 2¢co,

2 Ethanol 2 Acetylaldehyde

Alcohol
fermentation

v

Saccharomyces

Ethanol CO*
i.e. i.e. Bread
Wine

4:05

Lactate pathway

Lactic acid fermentation occurs in humans.
2 ADP 2 ATP

|
H —(l:—OH No intermediate;

pyruvate accepts
electrons from NADH



fatty acid breakdown: fatty acid oxidation

-2 carbons at a time

O

|
H3C/\A/\/\/\/\/\/\/LOH

I
H3CMNV\NVVL-
NAD*, FAD
o ETC
NADH, FADH,
O

/\/\/\/\/V\)~L L
H3C L g

TCA Cycle

4:05

=
B
o]

R(C1¢) o Long Chain Fatty Acid

CoA-SH

Thiokinase ATP

Mg?*

Ny

AMP + PP,

H H O

Fatty acyl-CoA
S/CoA

Acyl- CoA
dehydrogenase
(Dehydrogenation) FADH;

\)\(u\ CoA trans-aZ-Enoyl-CoA

Enoyl-CoA |~ H,0 Pharma

hydratase Change
(Hydration) .info
M CoA pB-Hydroxyacyl-CoA

+
pB-hydroxyacyl-CoA NAD
dehydrogenase
(Dehydrogenation) NADH + H*

CoA p-Ketoacyl-CoA

A
=
Q2

=
5}
(D

Acyl-CoA CoA-SH
acetyltransferase
(Cleavage)
O

R(CM)\)k _CoA + HyG? S _COA — = Kreb's Cycle

Fatty acyl-CoA (14C) AcetyI-CoA (2C)



amino acid breakdown 4:05

products go to TCA cycle

Phosphoenolpyruvate Alanine Glycine Threonine
N 4 / | Cysteine Serine Tryptophan
N Pyrljvate Tryptophan
B Tyrosine
Cliposs Gt Phenylalanine
A — ;_\ Threonine
Aigg[aag%e —>Oxaloacetate Citrate Eﬂ%ic'ne
/ Leucine
Legend:

Malate | Glucogenic : Arginine Proline
Ketogenic SRS Histidine Glutamine

Both glucogenic

and ketogenic Y
a-Ketoglutarate <——{Glutamate |

Fumarate

Tyrosine _ SR, ch.
Phenylalanine | Succinate uccinyl-CoA <—
Aspartate

Threonine Methionine
Isoleucine Valine




summary: breakdown Proteins

of sugars, amino acids, fats Amino Sugars Glycerol  Fatty

acids M acids

GLYCOLYSIS

CYTOSOL Electron shuttles ; p
/;

GLYCOLYSIS PYRUVATE OXIDATION OXIDATIVE

CITRIC HOSPHORYLATION
ACID
Glucose mp 2 Pyruvate =iy 2 Acetyl CoA CYCLE (Electron transport

and chemiosmosis)

!

by substrate-level by sut by oxi phosphorylation, depending
phosphorylation phosphorylation on which shuttle transports electrons
from NADH in cytosol

J

CITRIC
ACID
CYCLE

Maximum per glucose:

OXIDATIVE
PHOSPHORYLATION



sugar buildup: glycogen synthesis
6CH,0H
energy sToroge " H5 e
*\\ OH H\‘
(o]
. H3 HO
e breaking these bonds later releases energy g T o
o saving energy for later! 0 e i
. . H A H HA
e cf. dehydration synthesis UDP-glucose NI
o
OH OH H OH H OH
Y Nonreducing end of
glycogen a glycogen chain
synthase|\, upp with n residues
New (n>4)
nonreducing CH,OH CH,OH CH,0H
end .
5 C/’IDO/Y HO \OH H/
o 0 0 H OH H OH
“ O”é Elongated glycogen
A O. 0 with n + 1 residues
%°o. - O %l 0.—1,6—Glycosidic
.’o.... O N bond
- [ OC000C00000008 a&)kg;GIVCOSIdlc e /O ‘_/
'.‘ s CH,OH CH, CH,OH
Joosss SIS X 5 .
. Z.-’ Q I —oKoH o—NOH o—NOH
0.4° Y
200" X, 2 OH OH OH

4:05



amino acid buildup: protein synthesis 4:05

amino acids and proteins 5:53

e polypeptides fold into proteins

o polypeptide backbone bends, spirals, and
twists to form helices, sheets, globules, etc.

o protein shape stabilized by interactions
between the side chains of amino acids, often
on far away parts of the polypeptide

o these interactions aren’t covalent bonds (what
holds up the polypeptide); they’re hydrogen
bonds, ionic bonds, etc.

folding molecules

e amino acids linked together via
dehydration reactions to form
long chains (polypeptides)

o carboxyl group of one amino
acid bonds to the amino group
of another amino acid

o the alpha carbons, carboxyl
groups, and amino groups form
long, straight backbone

o side chains stick out of this
backbone

o hundreds of amino acids long

'
i i




fatty acid buildup: fatty acid synthesis 4:05
energy storage e breaking these bonds (FA oxidation)
later releases energy*

i 1
O O AT o { o saving energy for later!

Ho)J\)ks/COA @o)J\/U\ /%J\ -ACP aAcp-sH

malonyl CoA extender unit
o AT 0 / \O O O
KS
P H(\a)kS,ACP KS HWS,ACP
S S n+2 n NAD(P)H + H*
acetyl CoA starter unit n—n+2)
KR NAD(P)*

[
0
] M TE H Wk o ACP HWS/ ACP
OH ,_/ ; \ n / n

ACP-SH H,0O HD
palmitic acid ER
NAD(P)*
0 H,0

* produces NADH and FADH,, which are used in the . HNS,ACP
: NAD(P)H + H
electron transport chain to produce ATP (energy) n




summary: buildup 8:09

of sugars, amino acids, fats

e glucose: glycogen synthesis
o saving energy for later

e amino acids: protein synthesis
o proteins Do Things in cells

e fats: fatty acid synthesis
o saving energy for later



cholesterol

you’ve heard of this!

NADPH+H'+0,
\

squalone
2FPP +NADPH+H
FDFT1
2PPi+NADP *
N N N il
Q) = P e () e [ e O

2l

famesyt rvphowhua”

2PP
rops
sep
a @
,JLw,n\ |
OO0 0M

O oM
Isopenteny!| pyrophosphate
MVK 3ADP+PI+COy
PMVK
MVD AATP

1 COe
' b:‘.J]\X/\o..

mawaicnate
2NADP' +CoASH
HMGCR (
ZNADPH+2H"
-

HO SCoA

HMG-CoA

” CoASH
HMG-Coa
synthelase

[ acetyl-CoA

AN

acetoacetyl-CoA

CoASH

acetoacety-CoA
thiclase

acetyl-CoA
=]

)k SCan

acatyl-CoA

lanosterol
DHCR24
CYPS5iIA1
TM7SF2
MSMO1
NSDHL
HSD1TB7
DHCR24
............ -
"o
zymestencl
EBP
P
QO
3
Q.
=
DHCR24 73
.............. - o
s -t
HO 'm
lathosterol
& ore e
[m B
0
2
ovoras E
............. - o
= ~
)
7-dehydrocholesterol
DHCR7?
DHCR24
——-
HO
cholesterol



cholesterol

you’ve heard of this!

7:21

Glycoprotein: protein with Glycolipid: lipid with
| < carbohydrate attached / carbohydrate
o 3  attached

Phospholipid
Peripheral bilayer
membrane Integral membrane Cholesterol N, tein channel
protein proteins

Cytoskeletal filaments

e Acetyl-CoA — - — cholesterol
¢ makes cell membranes more fluid



cholesterol 7:21

you’ve heard of this!

Glycoprotein: protein with Glycolipid: lipid with
| & ias carbohydrate attached / carbohydrate
o 3  attached

HO
Phospholipid
Peripheral bilayer
membrane Integral membrane Cholesterol )
protein proteins Protein channel

Primary and conjugated bile acids Cytoskeletal filaments

e Acetyl-CoA — - — cholesterol
makes cell membranes more fluid
e cholesterol — bile acids (in bile),

which emulsify dietary fats
o does this make sense,
in terms of polarity?

Cholic acid. 1 Chendeoxycholic acid, 2 Glycocholic acid, 3
Co4HyOs, m/z 408.2870 C,4H Oy, m/z 392.29 C,,H,,O5 m/z 465.3084

Glycochenodeoxycholicacid, 4 Taurocholic acid, § Taurochenodeoxycholic acid, 6
C,¢H3sNOs, m/z 449.3135 C,¢H,sNO;S, m/z 515.2911 C,¢H,sNOGS, m/z 449.2962



(as noted in the course description) for each of these molecules, we will discuss:
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RECAP

° their chemical structure
their reactivity in the kitchen
their function and metabolism in the body

we’ve covered a lot—thanks!

what these mean for your everyday interactions/experiences with food

food group | biological molecule structure reactivity metabolism

fats lipids saturated, unsaturated, trans nonpolar/hydrophilic lecture 6

(o}

O N i H H 5 H
0 stearic emulsification: producing

(0] ) ]
X»OJ’\/\/\/\/W\/\/\/"'G'C mix nonpolar + polar via emulsifier ] energy:
.ki

O\n/\/\/\/\=/v\/\/\ oleic TCA->ETC»>
O EMULSION ATP

proteins amino acids (monomer) alpha helices, beta sheets, disulfide bridges buildup: dehydration synthesis
breakdown: hydrolysis breakdown:
proteins/polypeptides (polymer) glycolysis,
non-enzymatic browning (lecture 5: enzymatic browning) FA oxidation,
- caramelization: sugars - flavors + caramelans/caramelens/caramelins | 2.2.s > TCA
- Maillard reaction: sugar + protein > flavors + melanoidins

Carboxyl
Group

buildup:

lecture 6: taste receptors as examples of proteins ’ : @} ’“,3 synthesis of
e \ TS glycogen,
grains carbohydrates (“sugars”) mono-, di-, polysaccharides : fatty acids,

. proteins

OH 7
fiber (various polysaccharides) CH;0H CH.OH HO o) OH e }
2 %
o 2 HO ' cholesterol
OH HO, Q . Y
HO SR "
OH ¢} CH,OH Ho
OH OH OH

fruits/ fiber (various polysaccharides) lecture 5: redox and radical reactions
vegetables free radicals, reactive oxygen species, rancidification, enzymatic browning, antioxidants (ex. vitamin C)

vitamins, minerals, antioxidants
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