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Digestion




6.1 — The Molecules of Living

IENELI]
IPIGSIRPIOLEINS!
2 EXplainreWicaIBhYdrates, lipids &
Proteins are synthesized and broken
down

s Describe and perfermitests to identify.

macromolecules l




Macromolecules

a Macromelechiesiane
erdanic moIECHIES

shhEsENRcIUEENcaRIphY drates, lipids,
oreielnls, clnlel riticlele zlefefs

pllhese macromoléectiés are all createad

firom smaller subuURIts

lange; complex




Asﬂing & Disassemblinc
Molecules

Figure 6.2 This simplified

2 Macromoleclles
remwe” . diagram shows how
are assembled S

th roug h HO"HYHO—.—H together (synthesized) to

form macromolecules and
dehydration

broken apart through
HD.—“H hydrolysis.

SyntheSIS 0 Dehydration synthesis

SNIEVAarE Droken - ®
downithrough “
Ryarelysis )@@

heaCLIORS » "HAHU .H

9 Hydrolysis reaction




BRREY, Can PENGIaSSIEdras) simple sugars:
(made up of enereRtwerindividual
stgar units), or polysaceharides (Which
are long chains of' simple sugars)

F



slDIsacchandessar
Mmonosaccharidesiended tegether-
examples are:

> glucose+fructose - sticrose

~glucesergalactose - lactose
> glucesetglucose - maltose l



Pr on of a Disa

Note that thisSpSRaNorm 0ff dehydration

SYAHESIS
CH,0¢ CHL0, CoHy00
dehydration
H H synthesis
+ b g . e .
OH HO hydrolysis
reaction

glucose glucose maltose water

nonosaccharide 4+  monosaccharide — _ disaccharide +  water

Figure 6.3 During the synthesis of maltose, a chemical bond forms between two glucose
molecules, and the components of one water molecule are removed. During the hydrolysis of
maltose, the components of one water molecule are added and the bond is broken, yielding two
glucose molecules. (The double arrow indicates that the chemical reaction, represented by the
chemical equation, can proceed in both directions—from left to right and from right to left.)



n Examples of Polysacch

uAllFelrtheserare
EXAMPIES O]
POIYSACCHERHEES

ENNENNEYAGNAGIE
IRdvidtal sugar
URIGS are arranged
GEetermines their
SfiaPe and function

Figure 6.4 Compare

the structural differences
among starch, glycogen,
and cellulose. Notice that
all three polysaccharides
consist of glucose subunits.

.
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liver
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arides - lzircje 9ol nlEENe;
NOSECCHEEINESHIPISIOIRMONOMErS)
ellulose

I Pleiplt ilgee
N RdIGESHbIENYAIUITERERZ/ITES
S vcoagaen

# Quick energy storage
are long chaimsieirglucose in plant cells

| IS “animal starehi; composed of long
nains ofi glucose stored infanimal cells (musele

andiiverss



https://www.youtube.com/watch?v=wxzc_2c6GMg&ab_channel=TED-Ed

molecules
ater(nen=-polar covalent
bond ol IH and @)

s Energy storage molecUles

m Also function as structuralfcemponents (building
membranes), insulation; eushioning of organs,
and hermones



https://www.youtube.com/watch?v=5BBYBRWzsLA

u| [LipIas consISHEIRGIVEERCING S-Ccarbon
chaln)lancNEbAaEiESHAVAeSE
COMPOSIHERNREVAZRY)

dehydration

synthesis
e
-

hydrolysis
reaction

glycerol 3 fatty acids 3 waters

Figure 6.5 During the
synthesis of a fat molecule,
three fatty acid molecules
bond with one glycerol
molecule, and three water
molecules are produced.
What happens during the
hydrolysis of a fat molecule?




FAlSTarenmenpo)

IUEYACONIGIRGEISSOIVENn Water and tend 1o
iermEgiekUIESE

(IKIEREIENENVIRETarSalad dressing)
OfE pUlESTelifat into smaller droplet

EmulSiiersiaveErRMenpolaRENdAhichiattaches to the fat, an
apolareEndavhIcChNRtEIaCISAVIthRVaIEr molecules so that the

Saturated have' ;|- rdoublENIBRESHEIWEEN carbon atoms INRHE
chain (all bonded torhydregen)rand tend to be more solid at

room temperature and erreakidown
Rigid & straight (animal fat)
Unsaturated have deuble bond between carbons

Polyunsaturated have multiplerdeuble bonds- the more
polyunsaturated the fatty acids, thermore liquid the fatwillibe at
eem temperature due to kinks in the chain and thex =15 E NS
erreakidewn




AVOCADO: Hello I'm
good fat

BACON: *lights
cigarette* *punches
avocado*



u Composedioaminoracids

sPARREmIneracIdiasiarceninalicanon atom withra
canpexyigretpNE@@E)Eienerend and an amine
grouprattherotheraiNI=s)

snhererare i difierentfamineracids
m [The portion of thermeleculerthat varies between

the different types Isicalledithe R group
(“remainder”) which classifies: the amino

BrEssential amino acids (9feuieli 20) cannot be
made by the body and must lbe consumead

treughiieed (histidine, Isoleucine, vaw

-L



Representative ami

Copyright € The MoGraw-Hill Companies. Inc. Permission required for reproduction or display.
Structural Formula

HaN— CH — COOH
- R group has

a single
carbon atom

HaN—CH — COOH

R group has
a branched
carbon chain

0]
H,N— CH— COOH

R group
contains sulfur

H H
(| //
H—N—C—C H;N— CH— COOQH

~o |
phenylalanine R group has
a ring structure



https://www.youtube.com/watch?v=JQZQiEdOPJY

Protein Synthe

a

B e humanveeyAcanrsynthesize 11 of
ther20iamineraeEies

sN\\ermusEtienpepialnrtie other 9
(kneWnRras essenticiFamING: acids) from
ourdiet

dehydration
synthesis

hydrolysis
reaction
amino acid amino acid dipeptide

Figure 6.7 In dehydration synthesis, two amino acids bond to form a two-
ubunit molecule called a dipeptide. Hydrolysis breaks the peptide bond
hat links the amino acids. The R groups are shown here only as “R,” because
hey do not take part in the reactions that make or break peptide bonds.




" Examples of Proteins in your
, Bod

u BiologicalicatalyStSEalllEnZyImeEs are
PIELEINS

) CellNtransperiyatEsTpar- Ol the bilayer

SPARGIOHIESE preteins that
URcHeRNRNMMURENESPONSE

siHormones - insulingrewtnrhormone

SEnergy source - body Uses protein wWhen
ipId and carbs are lacking

sNlransport:molecule - hemoglobin
transportsioxygen in blood




Protein Shape

BPASWYOU GCaRNISEE)
Proteinsicannave
MaRy:SNEPES

= e shaperoita
PreIEINNMBIECUIENS
chitical to Its
iUpeHon

Figure 4-3 Essential Coil Biology, 2'e. (€ 2004 Gartand Science)

wNIeSSIef the 3D structureroifarprotein is called

sisaltlftemperature, pH can changestie
Shiape or denatlre proteins


https://youtu.be/p9XHI_26cPE?si=eZ3vtBqeKa6vs1zT&t=556

" Coaqulation

Finte a solid like
aclds, salts etc.

Uither bleeding

a Proteins; clumpiogeL

SUbstance dUENOMED
> Bloe0 CIOLSHONIEVENTS
> COOKING anrege

S Permanent anad
Vour egg)

IEVersible ((Can't UNCOOKS

&F


https://www.youtube.com/watch?v=cNXD10-r6QE&ab_channel=DAVIDSFEED

&



G The products are released and the enzyme
is free to bind another sucrose substrate.

glucosen

of glucose and fructose, which
are bonded together.

fructose

@ The bond
between
glucose and
fructose is
broken.

active site

() The substrate binds to
the active site of the
enzyme, sucrase.

enzyme

Figure 6.10 In this
enzymatic reaction, the
disaccharide sucrose is
hydrolyzed to form its
component simpler sugars,
glucose and fructose.



http://www.mcgrawhill.ca/school/applets/abbio/quiz/ch06/how_enzymes_work.swf

n Factors That Affect

lEmpEratre

Figure 6.11 The activity
2 . p H of an enzyme is affected by

(A) temperature and (B) pH.

Most enzymes in humans,

3 " CO m petitive such as trypsin, which helps

g i . 1 break down protein in the
I n h I b I to rS (flt I nto small intestine, work best
at a temperature of about

Enzyme reaction rate by temperature 40 °C and within a pH

aCtive SiteS) range of 6 to 8.

ANBREcompetitive :
IRkipitors (fit into
EURER sites & change
thErshiape off the
Enzyme) 0’ ° Temesturerar
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Nucleic Acids

| [These compeinREsimake up DNA and
RINA

sNIREVACONLCINPNESPHAELE, a sudar, andia

RItEEERNIESE
£ 0
()\./ nitrogen-

containing base

five-carbon sugar

Figure 6.9 This model shows a generalized
nucleotide. All nucleotides consist of a five-
carbon simple sugar (ribose in RNA and
deoxyribose in DNA), a nitrogen-containing
base, and a phosphate group.




n Testing for Macromole

u [here arelexperimeEntal tests we can
PEFGHINONREICEENVHEEN OF not a
fejele] Seinlole coritzlins elifiiEale
MACHOMOIEEL

= [These tests are:

> Benedict’s Test — forreducing (simple) sugars

bBiuret Test — for proteins

> Stidan IV Test — for lipids



left to right: fructose glucose sucrose

Benedict
carbohyd
and sucrose.
because sucrose is a

ains blue







positive result  negative result

- 2 layers - one layer
- top layer is - color is evenly
orange-red distributed




Vitamins and Minere

a Beth vitamin

IRErals are key
COMPONERLS
GheedY,

ical reactions in L
EN\IGEMIRS are IGCempounds that

eiten Nelp enzZymesHinction

siVinerals are inorganicicompounds that
make up essential components of:
HEMOoglobin, hormones, enzymes;and

Vitamins l




\J Deficiency

a NightBiincanESSHVItEIMIRMASEEficiency.
a ScurviZVItarmInNEIHETCIERCY (Vit C: helps
MalintaiNFCONNECHVERISSUE)
8 RICKELSIVItamiNPAEERCIERCY (Vit D: helps
WitirGalCIUmNERENRIIOSPRONUS
dBSOPLoN=NEalthyNIBHES)
> Government puts it inrmilk
Because we live in Canada
Water soluble vitamins: Brand
' fipidiSelubles A, D, E, K



https://www.youtube.com/watch?v=ISZLTJH5lYg&ab_channel=TED-Ed

.2 — The Digestive

Accessory Organs
(Structures That
Aid Digestion)

salivary glands
(secrete starch-
digesting enzymes)

liver
(manufactures bile,
a detergent-like
substance that
facilitates digestion
of fats)

gall bladder
(stores bile until
needed)

pancreas
(manufactures
enzymes to digest
macromolecules;

secretes bicarbonate
to neutralize stomach

acid that enters
small intestine)

Figure 6.12 The digestive system is the only
body system that provides two points of
contact (the mouth and the anus) between
the internal environment of the body and
the external environment. Most of the other
body systems are completely internal.

The Digestive Tract
(Organs That Contain
Food)

mouth
(chews and mixes food
with saliva)

esophagus
(directs food from mouth
to stomach)

stomach

(adds acid, enzymes, and
fluid; churns, mixes, and
grinds food to a liquid
mass)

small intestine
(secretes enzymes that
digest macromolecules;
absorbs hydrolyzed
molecules into
bloodstream)

large intestine
(absorbs water and salts;
passes remaining
undigested material and
some water out of body)

rectum
(stores waste prior to
elimination)

anus
{holds rectum closed;
opens to allow elimination



Importance of Digestior

s \Wemeedoreniaifotimutrients from
thEOOUSIWENER

5 FeOWeEVERtHENOLENaEWE eat contain

| INOMS that we may not

e able tor use aireculy,

shliherefore, our digestiversystem breaks
@oewn the food intertinits that our cells

@l USE

b



| Physical dige
MOUtHRWHERE
“bOIUS" ]

SUBRNEGIRISHAINE
IOPENSHORMEC Lo a

jirom the salivary glanes |




eredwith taste buds

CEPLOrS Identify the
sHEmIGals in our food

= OuUr tenguen

| [Ihese chemi
LASLENOIISPEL




The Esophagu

u Ihe tongUE PUSHESIIE
OIS CIFEOENRLONIE
EsOPNagUs

2 ihe smoeothrmuseEienn

Relaxation

the ESOPNagUSICHESLES |
Waves of muscle -

contractions (knewn
2lS ) that
pUsh the food towards
thestomach




u IherstomachfOHINSERESIaS a
000 SteagErSIEaNERGIE Site
OIIRItaINReLEINEIGESHON

- The StomaCh Celr) hOId abOUt membranen'- \/
i) Elejf fejejel zjpic] cojnjtzlinls '
apoUE SO0 ML CIFEOMHGSIVE pylors
gastric juices £ 18

siVucous secreted fromrcells
INing the stomach pretect the
stemach wall from being
digestedby.its contents

duodenum layers of
muscle
Carlyn Iverson!




/

e 235
L8 £ 8 =
- - cu
g sEE  EE
= ‘YA =
> 3 S8 &%

Gastric pits

S5 %.:n..rp b 5:. (7]
T ERY, W R e ....a.*..T
: .._1___-{- r_r..._ o ..H.._..

Submucosa




r

Stomach (Con’h

Stomach

Esophagus

Gastroesophageal
sphincter

Pyloric sphincter
Duodenum

Direction of
movement

of peristaltic
contraction

Movement
of chyme Peristaltic
contraction

© 2001 Brooks/Cole - Thomson Learning



Protein Digestion

u Proteins anuipolypEPLUES are
2y Elfefa prlalaci)es

s Anlenzyme;
IS PHOEUCEGEN:
thestemach

SNRIS enzyme WOorks'aleng
With the hydrochloricacidin
the stomach to break down
the polypeptides into smaller
URILS




Stomach (Con't

ISEUSEd to slow the
rthe digestive

u Another enzymens =1glgll)
MOVEMERHOMIIKSIONGE
SyStem

yfEthermucousHinifareiRtherstomach breaks™s
@dEWR), an ulcer Is formed

sNIRISHS dangerous becatisetbeneath the
stemach lining there are many: capillaries

F



salts, water, anuEiniiammatory.
medicines such astAspirin, and alcohol

&F



n The Small Intestine

&

= [he first 30 ciioRtiersmall

stomach here catserarelease of
picarbonate ions Femrthe
Pancreas

sNliese bicarbonate 10RS
neutralize the acid (pH el the
jitidsfgees ftom 2.5 to 9.0)



http://images.google.ca/imgres?imgurl=http://www.organdonor.gov/student/images/intestine.jpg&imgrefurl=http://www.organdonor.gov/student/access/organs.asp&h=175&w=150&sz=6&hl=en&start=5&tbnid=1RJ3m8mqedQR9M:&tbnh=100&tbnw=86&prev=/images%3Fq%3Dsmall%2Bintestine%26svnum%3D10%26hl%3Den%26lr%3D

Small Intestine

2 [he stomachiaSeISISOme
WateVitainiiisienEiaicenol

s Vest £S5
PIaCENR GhER CoIRthe
smallfintestineX( )

shlihe interior of the small
IRtestine is lined withr'iil;
Which are small finger-like
PIOJECHONS




x [hevillirincréasertherstiace area of:
aSEHPLIGN

shnecellNmemianEsioiftne lining of the
smaliNintestineraisomave folds, known
as




n Small Intestine

F

a Thevillircontainsicapliianes that absors

&



DigestﬁAbsorption of Macromolecule

starch glucose
(polysaccharide) disaccharide (monosaccharide)
cyme  G@ @@ eyme @ ©

—_—

e ©

cells of

absorption by © “
intestinal wall

active transport

igure 6.22 The
onosaccharide glucose
is actively transported into
ells of the intestinal wall
n order to move into the
bloodstream.

protein peptides amino acids

_ enzyme & & & enzyme :0:

cells of ® absorption by © P (]
intestinal wall © activetransport ©

Figure 6.23 Amino acids
are actively transported
into the cells of the
intestinal wall in order to
move into the bloodstream



glycerol and

; . ° ®g9p 0g 0° fatty acid molecules
acid molecules L 4 o bile % emulsification  $,° %¢  enzyme . e
diffuse into the cells 00 ®, > o% o9, — e & .

- - . ©g® 920 ‘. ks
of the intestinal triglyceride _/); &

wall where they are 2 absmptmn
resynthesized into WWWWWILWWW WMWWW
fats, coated with ]

proteins, and move prntems trlglyce.ndes | protein-coated
into lymph vessels cells of 0O ""'"*‘ ‘@b triglycerides

oy % .
or eventual intestinal wall o g - o |

transport into ) ,
the bloodstream. 1 l L _L




n Small Intestine

malliRtestine IS
ozll[<e) tnl2 lleum

= [he lelmMURcHonsItoNfinish any
rarnllinlinlef clicjestion of =lejSejgeiifelgRIit
OVEr from the and the

&F




The Pancreas

u Ihe pancreasialse
dIGESHIoN

m a2ricl chymot
UIGESIECPIOLEINSAYIES

SHOrEr Chalns

PIOGLGESIENZYMES for:

aecten partially,
KIRG them down to

B Other peptidases areralserproduced by the
INGESHIRNE

K down nucleic acids are
ne pancreas and small

F

Pancreas and smal

SNERZYymes that brea
alse produced by t
IRGESHRE




N enzymestreakedown lipids inte
their fatty acids andralycerol

r



n The Liver and Gallbl

u Theliver producgs
S WhHICHREMUISIAGIE
At (CalSENRCONBIITINGIRY;
giebules)

i plesgeEin2 elanles of
lave a large stiifideeranea
10 VOolUmEratio; anertie
[pPase enzymes WOKKIOn
them more effectively,

si@ccasionally, a gallstone
wWillfform, which is
ehystallized bile salt




1 IS gallStenE DIEVE ntsiee bile salts

remaidingNRNE e gestlon and causes
P2l
sNEpIgMEntSHRNIEREWNRat give
[Eces thelr characensue BrewWn color

shlihe liver also storésiglycegen and

Vitamins




Regulation of Small Intestine
Processes

a he smaliNntEsRENSHEdtiated by the
NERVOUSIaRGERENEOEIIREISYSIEMS

5 IESIONIECHNPIOLEINSHItRE food
stimulatetheNprediichionoiigastrin, which
stimulatésThydrechlioreiacid production

shihe movement off chyimeNnterthe duodenum

IRhibits muscular CONtrationNs In' the stomach;
preventing more chymeiirom: entering the

small intestine




u AThermoenEKRCWIRRESISECHENRI Stimulates the
PENCHEESHONPIOEIICENIICAlIIONatE

u GCCKiand GiP arabothieleased when high-fat
[EOUSIERtEF tHENC UGEERLIM

¥ SEcretin, CCK andiGIPreduce motility in the
stomach, preventingfmore iood firom
entering the small Intestine

BN EEK also increases the release of bile from
the gall bladder

Hormone

¥y



http://www.mcgrawhill.ca/school/applets/abbio/ch06/gastric_three_phases_of.swf

The Colon

u By the tUmeopuMEDCHES the
largeNntestiNEMNSICOmPIELE]Y
digested

sl dalon) Sigres Welsias gl g s
ENOUGIOraSElIAVAE] S

SNASWWEI 9a CLerfaRtiED e G
synthesize VitamInSHBRaskeare 2 &
fjound here

whlie buildup of waste inrthe
@olon triggers nerve IMmpUISES
that initiate a bowel
MOVEMENRL




6.3 — Health and the Digestive

1e whole bod

AEphysiologicall
[ =llS0) n)e

psychologlcal \

&F



2 Ulcers are holesinithe
Wall o e Stermzae!
and INtEstineg

2 IhESENarENONEN
CaliSEdroNia
HEAKEAOWN O thE
mUEUS lining the GI
trejor

ENIISHS often caused by
Pacteral infections

':E:' 2010 hadicineMet, Inc.



calise Ulcens i‘r appEal and the
presence of blevdNRNthe stool

#iln some cases, SUrgen/may. be
ieguired to remove diseased portions of

bhe digestive tract



n Accessory Organ Disorde

b

#lGallstones: CrystalsfoiRcholesterol an@
minerals build uprintthergall bladder or
@uct, preventing thestiew: of bile

F



] Psychological Disorders

XiatNERN G52
s Bllimia
5 OPESItY
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