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. Key Concepts

38.1 Food Provides Energy As Well As Materials for Biosynthesis
38.2 Diverse Adaptations Support Ingestion and Digestion of Food
38.3 The Vertebrate Gastrointestinal System Is a Disassembly Line

38.4 Nutrient Availability Is Controlled and Regulated
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Investigating Life: Thrifty Phenotypes

» The Pima population of Arizona experienced frequent periods of food
deprivation—strong selection pressure for “thrifty genes” involved in digestion and
energy storage and efficient conversion of food into fat.

» This population now also eat a high calorie, high-fat Western diet, instead of their
traditional diet, and are more sedentary.

» These factors contribute to obesity and diabetes, and the Pima people in the

United States suffer high rates of obesity, diabetes, and heart disease.
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38.1 Food Provides Energy As Well As Materials for Biosynthesis

Focus Your Learning

» Fats, carbohydrates, and proteins in food provide energy.

» Energy is stored in animal bodies as glycogen and fat.

» Some small organic molecules required for biosynthesis must come from food,
including essential amino acids and fatty acids.

» Vitamins are organic compounds the animal cannot synthesize but are required for
healthy cell function.

» Animals require a variety of mineral nutrients.
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Ewkova 38.1 OL Etepotpodol Opyaviopoi Aappavouv Evépyeia amno toug Autotpodoug
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Animals are heterotrophs: they derive their nutrition by eating other organisms.
Autotrophs synthesize their own components using solar or chemical energy.
Heterotrophs depend on this synthesis and have evolved a variety of adaptations to take
advantage of it.

Ewova 38.1 Ov Etepétpopor Opyaviopoi Aapfdavoov Evépyera amd toug Avtétpopovg (A)Ta gutopdya (do
moipvouv TNV EVEPYELL TOVLG AQUEGH OO TOUG OVTOTPOPOLSG opyovicpovs. Ta eopeyedn ovtoedyo (®a TV
APPIKOVIK®OV MPadidV TPETEL VO KATOVOADGOLV TEPACTIEG TOGOTNTESG PLTIKNG VANG Y10 VO, KOADWYOLV TIC OLOTPOPIKES
toug avaykec. (B) H evépyeia evog capko@dyov (MOv ammoKTATOL EUUESH OO TOVG OVTOTPOPOVS OPYOVIGHOVS, POV
N amoOnKevpévn evépyela o€ Eva OMpapa elye amoxtnOel apytkd amd TOVG AVTOHTPOPOVE OPYUVIGHOVC.
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38.1 Food Provides Energy As Well As Materials for Biosynthesis

Energy—the capacity to do work—comes in different forms.

Measures of heat energy:

>

A\

YV V V VY

A calorie is the amount of heat needed to raise 1 gram of water 1°C.

A kilocalorie (kcal) = 1,000 calories. A Calorie (Cal) is the same as a kilocalorie.
An animal’s energy needs must be met by ingestion, digestion, and assimilation of food.
The basal energy expenditure of a human is 1,300 to 1,500 Cal/day for an adult female
and 1,600 to 1,800 Cal/day for an adult male.

Physical activity adds to this basal metabolic rate (BMR).

Foods that provide energy are fats, carbohydrates, and proteins.

Caloric value of food and expenditure of energy for any activity can be measured.
Energy budgets compare calories consumed and calories expended and allow a cost—

benefit analysis of feeding behavior.
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Ewkova 38.2 H Evépyela tng Tpodnc ko NMwe tn XpNOLLOTTOLOUME

170 g yiaoUpTi Avanauaon 90 Aemtd
@pdoula Pe Yaunia Badioua 26 Aentd
Mmapad TCOYKWYK |5 13 Aenta

ZAVTOUITC HE

yaAomouha Avanauon 144 hentd
(Aeukd kpéac) 3 Bgﬁmuu 43 hemtd
215 Oeppibec TCoyKIvYK (B8 22 Aerrta
100 g tliumepykep Avanauaon
530 O&ppidec Badiopa
TloyKIvyK
Nitga Tumou Zikayo 864 henta
Siapérpou 25 cm Badiopa

1.300 Qeppibec

Xpovoc (wpec)

Ewova 38.2 H Evépyera tng Tpoong kot Ilodg ™ Xpnowpomorwovpe H evépysio mov mepiéyetal o€ 1€66£p0 KOWA Qoyntd
eaivetal oto aplotepd. To dtaypdppato VITOIMAGVOLY OGO YPOVo Ba ypelacTtel Eva ATopo, e POCIKY] EVEPYELOKT OOt O
nepimov 1,800 Calmuépa, yio va KOTOVOADGEL TNV OVTIGTOLY TOCOTNTA  EVEPYELNG, KOOMG OVATOOETOL, TEPTOUTAEL 1| KOAVEL
TLOKIVYK.
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38.1 Food Provides Energy As Well As Materials for Biosynthesis

Animals must store food between meals.

Carbohydrates are stored in liver and muscle cells as glycogen—enough for about one
day’s energy needs.

Fat stores more energy per gram and with little water, which makes it more compact.
Proteins are not used for storage but can be metabolized as a last resort.

If an animal takes in too little food, metabolism of the body’s own molecules begins.

e Glycogen and fat are broken down.

e Then proteins are metabolized, starting with blood plasma.

Metabolism of blood proteins leads to edema, a sign of kwashiorkor.

If an animal takes in more food than needed, the excess is stored as increased body mass.
e Glycogen reserves are built up.

e Extra carbohydrates, fats, and proteins are converted to body fat.

copyright @ 2023 EKAOXEIX NANAZHZH 8



Ewova 383 H Enaidpaon g
Aottiog

(A) Otav &vog avBpwmog
vroottiletan, o EVEPYELOKAL
amoféuata TOL CMUOTOG
eEavtiovvror.  (B) H dwoykopévn
KO, TOL YEPLOL KOl T O  OTOV
TOL Oyoplov o@eilovion og oidnua.
Ye ovvovacud pe o adLVaATO GKPa,
avtd  eival GUUTTOUOTO  TOV
kPacidopkop, wog acHBévewag  mov
TpoKoAEiTOL  OTOV  TO GOUA
OTOIKOOOUEL TTPMTEIVES TOV OHLOITOG
Kol PUikd 16Td Y100 VoL TPOPOSOTNGEL

ToV petafoiouo.

Ewkdva 38.3 H Eniépaon tng Aottiag

" O1 KUpLeC anoBrkeg evépyelag eivat To |
Ainog: éva aropo pe péoo Bapog
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Xwpictpopn.
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\ pooAnyYn TpoPric. puBuob, yeyovog mou Exel
\_ooBapég ouvEnElEg.

copyright @ 2023 EKAOZEIX MANAZHZH



38.1 Food Provides Energy As Well As Materials for Biosynthesis

Animals require organic molecules to supply carbon skeletons, building blocks for larger
organic molecules.

The acetyl group (CH;CO—) is used to build more complex molecules.

Acetyl groups must be obtained from food.

Amino acids are the building blocks of proteins.

Essential amino acids cannot be synthesized by an animal.

Adult humans must obtain 8 essential amino acids from their food.

A complementary diet of plant foods can supply all 8 essential amino acids for vegetarians.
Ingested proteins must be broken down to the constituent amino acids before being used
by the body.

e Proteins are large and not readily absorbed by the gut.

e Protein structure and function vary by species.

e The immune system would attack protein molecules entering directly from the gut.
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Ewkova 38.34 H AketuAopada eivar Evoag AvOpakilkog ZKEAETOG tou Aapfaveton pe tnv Tpodn
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| Ta {wa ypnoponociv Tic akeTuhopddec mou
AMEKTNOav and tnv Tpo@r] Toug yia va ocuvBécouv

"H aketudopada Ppioketal | mo mepimhoka opyavika popla. )

MPAKTIKG O OAEC TIC
TPOPES TTOU KATAVAAWVEL F1epoEISEeiC OPHOVEC
Lgvalwo. /

A
b

, H O H,C — COOH
MetafohMopdg, . ol Apvoééa,
TIPWTEVWY, — H—C=C — P HO—C— COOH =3 aiun kat AAAEC
vbatavBpdkwv I-|1 " (|: B 00H EVWOTEIC
A Admmiv Ofahofikd
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AvBPUKIKOC OKENETOC
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Ewkovo 38.34 H Aketolopdda givar évag AvOpakikég Xkeretdg mov Aapfavetor pe v Tpoeny Ta (da dev pmopovv va,
ovvBEGoLVV TNV aKETLAOUASO, GAAL TNV TPOCAAUPBAVOLY LEGH TNG TPOPNG KOl T YPNCULOTOLOVV Yo Vo, GUVOEGOLV Lo LEYEAAN

motKiMa popiwv.
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Ewkdva 38.5 Mia Ztpatnykn yia toug Xoptodayoug

Ewoveo 385 Mw Xtpoatnyikn Yo TOLg
XopTo@ayovg
Xuvoudlovtag ortnpd He OGTPL, EVOG EVIALKOG

YOPTOPAYOG Umopel vo. TPOOAAPEL Kot TO. OKT®

amopoitnTo apvoséa. Anpnrplaxﬁ (kaAapmoki
OTa TOING TopTiylac)
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Ta oktw anapaitnta
apvoéa yia Toug
eviiAikoug avBpwmnoug

Tpunto@avn
MéeBeiovivn
Bakivn
Opeovivn
QavuhaAavivn
Aeukivn

looAeukivn Oonpia (pacdhia
Auaivn O€ AAEIPPA QaCOMWV)
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38.1 Food Provides Energy As Well As Materials for Biosynthesis

Humans also require essential fatty acids (a-linolenic acid: w-3 fatty acid and linoleic acid:
w-6 fatty acid) from their diet.

Linoleic acid (w-6 fatty acid) is one that helps synthesize other unsaturated fatty acids,
including signaling molecules and membrane phospholipids.

Macronutrients: Elements required in large amounts, such as calcium.

Micronutrients: Elements required in tiny amounts, such as iron.

e |nsufficient iron leads to anemia and is the most common mineral deficiency in the world
today.

Vitamins are carbon compounds required for growth and metabolism that cannot be
synthesized.

Most function as coenzymes or parts of coenzymes.

Required vitamins vary with species (e.g., primates cannot make vitamin C but other
mammals can).

Humans require 13 vitamins.

e Water-soluble vitamins: eliminated in urine if there is an excess (e.g., vitamin C).

* Fat-soluble vitamins: can accumulate to toxic levels in body fat and the liver. .



Nivakag 38.1 Anapaitnta MetaAAkd Ztoweia yia ta Zwa (MAKPOOPENTIKA)

mivakac 38.1 Amapaitnta MetaAAika Ztoixeia yia ta Zwa

Z1oIyEiO Mnyn otnv avBpwmvn dilatpogn Kopleg Aermtoupyieg
MAKPOGPENTIKA
Aoféotio (Ca) FMaAakToKoMIKG, auyd, mpdaoiva @uikwdn Aayavika, Bpioketal ota ootd kal ota dovia- mign Tou aiparoc:
dnunTplakda olkrig dheong, Gonpia, Enpoi kapmoi, kpéag SpacTNEIOTNTA TWV HUWY KAl Twv VEVPpWY- EVIULIKN
gvepyonoinon
Xhwpio (Cl) Emrpanélio ahati (NaCl), kpéag, auyd, hayavika, Yoatiko woliyio- méyn (we HCl)- to Pacikd apvnTikd 1dv
YOAAKTOKOUIKA MipoidvTa oto e€WKUTTAPIO Uypo
Mayvrjolo (Mg) MNpdaowa puikwdn hayavikd, kpeac, SnUNTpLaKa oMKRg Anarreitan amd mohhd éviupa- fpioketal ota ootd Kal ota
aheong, Enpol kapnoi, yaka, donpia dovtia
Dwogopocg (P) lMohakTokopka mpoidvta, auvyd, Kpéag, dSnuntplakd ohkng ZUOTATIKO TWV VOUKAEKWY o&Ewv, Tou ATP kal Twv
aheong, Enpoi kapnoi QwagolMmbiwy- oXNUATIONOE TWY 00TWV
Kdhio (K) Kpéag, dnuntpiakda ohMkrc aheanc, gppouta, Aayavika ApaoTnploTnTa VEUPWY Kal Luwv- MpwTeivooluvBean: kKUplo
BeTikd 16V oTa KUTTAPQ
Narpio uypo (Na) Emitpané{io ahdn, yaAOKTOKOMIKA MpoidvTa, Kpéag, avyd Apaotnpotnta velpwy Kal puav- udatikd iwooliyio, KOplo
BeTikd Lypd OTO EEWKUTTAPIO LYPO
Oeio (5) Kpéag, auyd, yahaktokopuka npoidvta, Enpol kapmnoi, Bpioketal o mpwreiveg kal ouveviupa anotogivwon

oonpla

Bhafepuv ouaiwv
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Nivakag 38.1 Anapaitnta MetaAAika Ztowxeia yia ta Zwa (MIKPOOPENTIKA)

mivakag 38.1 Amnapaitnta Metal\ikd Ztoikeia yia ta Zwa
MIKPOOPENTIKA

Xpwo (Cr)
KoPdaktio (Co)

Xahkde (Cu)

®B6pio (F)

lwdio (1)

Zibnpoc (Fe)

Mayyavio (Mn)

MohuBéaivio (Mo)

Tehrvio (Se)

Weuvbdapyupoc (Zn)

Kpéag, yaohakTokopka mpoiovta, dnuntplakd oMkig
aheonc, 6omnpia, paylda

Kpéag, vepo Bplong

ZukwTty, Kpéag, YPapl, ootpakoeldr), donpia, dSnuntplaka
oMk dheong, Enpoi kapnoi

Ita neploodtepa dnudoia diktua Ldpevong
Wapi, ootpakoeidry, wdiolyo ahati

ZUKWwT, Kpéacg, mpaciva guilwon Aayavikd, avyad,
dnunTplakd olknic aheong, donpla, Enpoi kapmnoi

Opyavikd kpéag, dnuntplakd olkric diheong, éonpia, Enpoi
Kapnoi Todl, Kagég

Opyavikd kpéag, yaAaKTOKOUIKA mpoidvTa, avyd,
Snuntplakd oMkng Aheone, npaciva hayavikd, dormpia,

Kpéag, Bahaoawvd, dnuntplakd oMkric aheonc, auyd, yaha,
okopdo

ZUKWTL, Papi, ootpakoeldr, Kal mohhéc AAAES TPOYEC

MetaPohopdg yhukolng

Bploketal otn Prrapivn B, ,- oxnpatiopog epubpokuttapuv

Bpioketal oto evepyd Kévipo moAhwv ofeidoavaywylkwy
evlUpwWV Kal popEwv NAEKTpOViWY- apaywyn
alpog@alpivhc: oxNUATIOUGS 00TWY

Bpioketal ota ootd- fonBdel otnv mpdhnwn tng tepnddvacg
Bpioketal otic opudve Tou Bupeosidbolc

Bpioketau ota evepyd kévipa moAhwv ofsiboavaywylkuw
evlOpwv Kal opeic nAekTpoviwy, alpoopaipivn,
puoogalpivn

Evepyonoiei moAha éviupa
Bpioketal og kanola éviupa
MetaBoMopdg Mmwwv

Bpioketau o oplopéva évupa kal o Kanoloug
LETAYPaPIKOUS MApAyovTEC
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Mivakag 38.2 Bitapiveg otnv AvBpwriivn Awatpodn (YAATOAIAAYTEZ)

mivakag 38.2 Bitapiveg otnv AvBpwmvn Alatpogpn

Brrapivn

Mnyry

Aerroupyia

ZupnTwparta AVENApKeLacg

YAATOAIAAYTEZ
B, (Beiapivn)

B, (piBogiaBivn)

E?.3 (viaoivn)

55 (mavTtoBevikd o)
Bﬁ (mupibotivn
dépuatocg)

B, (Biotivn)

B,, (koPohapivn)

Qolikd okl

C (aokopPikd o)

ZukwTl, donpia, SnUNTPIaka oMK
akeonc

Kpéac, auyd, npaocwva guihwbn
Aayavika

Kpéac, mouhepIkd, OUKWTL, payid

ZUKWTL, auyd, payid

TukwTl, dnuntplakd oMkrig aheonc,
YAAOKTOKOMIKA mpoidvTa

ZUKWTL, payld, BakTripla oTo EVTEpo

TUKWTI, Kpéag, YOAIKTOKOUIKA
npoidvta

Aayavikd, auyd, oukwTl, dSnunTplaka
oMIKR ¢ Gheang

Eonepiboeldry, VIOUATES, MATATEC

Zuvév{upo otnv KUTTapIkr avamvory

Fuvévlupo oto FAD

Fuvévlupo o NAD kat NADP,

Bpioketal oto akétuho-CoA

Fuvévlupo atov petaPfoMopud Twv
AUIVOEEWV

Bpioketai og ouvévlupa

IYNUATIOUOC VOUKAEIKWY 0E£wv
npwTteivwy, epuBpoklTTapa

Tuvévlupo otov oxnuatiopd
vOUKAeoTISiwv

IXNUatopog ouvdeTikoU 1oTol-
OVTIOEEIDWTIKG

copyright @ 2023 EKAOZEIX MANAZHZH

Mnépt unépl, amwAeia Opegng,
KoOmwon

MANYEC OTIC AKPEC TWV KELAWV,
epeBiopog ota patia, SepUatikec
nabrjoeig

eAhaypa, depuatikég mabroelg,
diappoia, dlavonTikég Satapayéc

MNpofAfuarta Twv emveppidiwy,
avanapaywylka npopfifuarta

Avaipia, apyr avantuén, cuonaceic
Tou dépuatoc

NpofAfuara oty embepuida,
TRIYOTTWAr
KakorBng avaipia

Avaipia kot aipn

ZkopfoUTo, apyri emoLAwON, PTWYN
avantuén Twv ooTwv
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Nivakag 38.2 Bitapiveg otnv AvBpwriivn Awatpodn (AIMOAIAAYTEZ)

mivakac 38.2 Bitapivec otnv AvBpwmvn Alatpogn

AINOAIAAYTEZ
A (peTIivoAn) ®polta, Aaxavikd, CUKWTI, BplokeTal OTIC OMTIKEC XPWOTIKEG NukTtepivr) TUQAWON
YAAQKTOKOUIKA npoidvta
D (kahoi@epdin) Evioxupévo yaha, ixBuéhaia, niiog Anoppdenon aofeotiou kat Payitida
PWOPOPIKWV
E (toko@epOAn) Kpéag, yaAaKTOKOUIKA npoiovta, Zuvtripnon Twv puwy, avtodedwrtikd  Avaipia
ONUNTPIaKA OAIKC GAeong
K (nevadiévn) Evtepikd Baktripia, oukwTl MA\EN Tou aiparog NpoBArfpara otnv nmrén Tou aiparog

» Vitamin D (calciferol) is essential for absorbing and metabolizing calcium.

» It is a special case because the body can synthesize it (by definition it is a hormone).

» Certain lipids are converted to vitamin D by UV light on the skin.

» People living at high latitudes may have evolved light skin to facilitate vitamin D production
during the short winter days.

» Dark skin in the low latitudes protects against UV damage.

» Dark-skinned Inuit people get ample vitamin D from animal fat (especially whale blubber) and

fish oils in their diet. »



38.1 Food Provides Energy As Well As Materials for Biosynthesis

Nutrient deficiency leads to malnutrition; chronic malnutrition leads to deficiency
diseases.
e Scurvy—lack of vitamin C

» Beriberi—lack of thiamin (vitamin B1) This disease led to the discovery of vitamins.

Deficiency disease can result from inability to absorb a nutrient.

In pernicious anemia, vitamin B12 (cobalamin) is not absorbed in the stomach.
Mineral deficiencies can also lead to disease.

e lodine deficiency leads to hypothyroidism and goiter.
e |Iron deficiency leads to anemia.

18



. 38.2 Diverse Adaptations Support Ingestion and Digestion of Food

YV VY

Focus Your Learning
Heterotrophs display a wide diversity of adaptations for acquiring and processing food.
Digestion occurs in a body cavity where secreted enzymes break down large molecules

into small molecules that cells can absorb.
Heterotrophs rely on symbiotic bacteria residing in their digestive system to carry out

essential tasks in digestion.

19



. 38.2 Diverse Adaptations Support Ingestion and Digestion of Food

Heterotrophs acquire nutrition in different ways:

e Saprobes absorb nutrients from dead organic matter (e.g., protists and fungi).
e Detritivores or decomposers actively feed on dead organic matter.

* Predators feed on living organismes.

e Herbivores prey on plants.

e Carnivores prey on animals.

e Omnivores prey on plants and animals.

e Filter feeders filter small organisms from an aquatic environment.

e Fluid feeders include mosquitoes, leeches, aphids, hummingbirds.

20



Ewkova 38.6 Advtia OnAaoTiKwv

(A)

s e

MOAn <

OuvAa

Pila <

Mia okAnpn ouoia, mou

_| ovopaletrar adapavrivn kat
7] anotekeital kuplwg and

PWoPopIkd acféatio,
KAAOTTTEL TO SOVTL

o ' Té00 n pUAn 600 Kai ol p(Ca‘
2% nepiéyouv pia onipada

00TéIvng UANG nou
ovoudaletai odovrivn...

| ..péoa otn onola undpyet |
—! n MOAQ@IKH KOIAGTNTA IOV

NEPLEXEL alpoPOpa ayyeia,
velUpa Kat KUTtapa mou
napayouv tnv odovrivn

Oaotéivn Ooté  Nevpa kai NeplodovTikn
ouaia (ou- aipo@opa pepBpavn
yKpatei To SovTl ayysia

OTO 00TO)

Ewova 38.6 Adovria OnAooTik®OV
(A) Ta d6vtia tov OnAacTiKOV
amoTEAOVVTAL A0 TPEIS OTIPASES: TNV
adapavtivn, v odovtiviy Kol Tov
moA@d. (B) Ta dovtio dtopopeTiKdV
€OV ONAooTIKOV eEEOIKEVOVTOL OE
owpopetikég  olateg. Avty m
amelkovion Ogiyvel ta dOVIIL TNG
Kdt®m yvabov, Omwg @aivovior  omod
V.

(B)

Ta napgaya {wa dia-|
B¢touv wa mohvypn- L\ |
otk odovrootoiyia. |

Zapko@ayo (yara)
. 9 s
Ta capkogdya {wa diaBétouv N= Iy
HEYAAOUC KUVOBOVTEC yia TN V4

ouykpdartnon, Tn Bavatwon
Kl TO KOPpdanaopa tou
Bnpaparoc.

Napgayo (avBpwmnog)

B Kuvodovteg (xpnowpomnol-
ouvTal YO TO Kopudtiaoua)

Komrtripeg (yia katatpnon)
B Npoyougiol (yia Koppatiaoua)
B lougiot (yia aheopa)

Qutogayo (mpéPato)

‘:._-::‘_ | (1

' Ta gurogdya {Ka XpnoIHOnoIoUV TOUC

KOMTAPEC KAl TOUE KUVOSOVTEG, o1 omoiol
Bplokovral oto eunpdobio pépog g KaTw
yvaBou poévo, yia va Byalouv ta @UMa and ta
QUTA. ZTr) CUVEXELQ, O HeyaoL yougiot kai

npoyoppIol aréBouv Tn QUTIKY UAN.

Digestion begins with the teeth. Vertebrate teeth:

e Enamel, composed of calcium phosphate, covers the crown

e Dentine, (bony material) in the crown and root

e Pulp cavity, contains blood vessels, nerves, and dentine producing cells
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. 38.2 Diverse Adaptations Support Ingestion and Digestion of Food

Digestion usually begins in a body cavity.

Gastrovascular cavities connect to the outside through a single opening— jellyfish and
other cnidarians.

Tubular guts have an opening at each end. A mouth takes in food, and wastes are
eliminated through the anus.

Different regions in a tubular gut are specialized for particular functions.

Food is broken up in the mouth cavity by teeth, radula (snails), or mandibles (arthropods).
Most birds have gizzards with small stones for grinding food.

Some animals, such as snakes, simply ingest whole prey with little or no fragmentation.
Stomachs and crops are storage chambers that allow for gradual digestion.

Food particles move from the stomach into the intestines.

e Most digestion occurs in the intestine; nutrients, water, and ions are absorbed across its
walls.

e Last segment recovers ions and water and stores undigested waste as feces.

e A muscular rectum expels feces.
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Ewkdva 38.7 Awapepiopata yio NEYn kat Amoppodnon
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Ewkova 38.8 H Evtepiki Emidavela ko n Amoppodpnon OPEMTKWV ZUOTOTLKWV
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. 38.2 Diverse Adaptations Support Ingestion and Digestion of Food

Macromolecules are broken down by hydrolytic enzymes. They cleave bonds by hydrolysis
and are classified according to the substance they hydrolyze:

* Proteases

* Carbohydrases

* Peptidases

* Lipases

* Nucleases

The gut is colonized by a huge population of microorganisms, mostly bacteria, called the
microbiota.

Their cumulative genomes are called the microbiome.

Gut microbiota get nutrition from food passing through the gut and contribute to the
host’s digestive processes.

In humans, gut microbiota also produce vitamin K and biotin.

Gut microbiomes are not constant, but are influenced by diet and other factors, including
medications.

They may be more important than simply facilitating digestion.
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. 38.3 The Vertebrate Gastrointestinal System Is a Disassembly Line

Focus Your Learning
* Movement of food through the gut is controlled by CNS reflexes and the enteric nervous

system.
e A variety of chemical and physical processes take place in different parts of the digestive

system to efficiently break down food into forms that the body can use.
e Herbivores do not produce the cellulases needed to digest cellulose in their plant diet,

and thus require microbiota to carry out this task.
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Kedpalaio

38 38.3 The Vertebrate Gastrointestinal System Is a Disassembly Line

o Ca
e - AT e

Tissues of the vertebrate gut are arraﬁ-ged in layers:
e Lumen: The gut cavity.

e Mucosa: Epithelial cells that secrete mucus, digestive enzymes, or hormones; some
absorb nutrients through microvilli; in the stomach some secrete hydrochloric acid.

e Submucosa: Blood and lymph vessels pick up nutrients.

Nerves in the submucosa have sensory functions and control various secretory functions.
Two layers of smooth muscle are outside the submucosa:

Circular muscle layer: Innermost cells oriented around the gut; constrict gut.

Longitudinal muscle layer: Outermost cells oriented along the gut; shorten gut.

* Nerve nets in the submucosa and between smooth muscle layers form the enteric
nervous system. These nerves only form synapses with other nerves in the network. They
are responsible for communication within the gut. The CNS can influence the system, but it
is autonomous.

e Peritoneum: Membrane surrounding the gut and lining the wall of the cavity.

Includes connective and epithelial tissues that secrete lubricating fluids so organs can
easily slide against each other in the body cavity.
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- 38.3 The Vertebrate Gastrointestinal System Is a Disassembly Line

e Food is chewed and mixed with saliva.

e Tongue pushes a bolus to the soft palate, initiating swallowing—food passes into
esophagus.

e Food is kept out of the trachea by the closed larynx and epiglottis.

Peristalsis: Waves of muscle contractions that move food toward the stomach.

The upper esophagus is skeletal muscle; the rest is smooth muscle.

As food reaches the smooth muscle, the esophagus contracts and pushes the food toward
the stomach.

Nerves coordinate esophagus muscles:

e Contraction is always preceded by an anticipatory wave of relaxation.

e As an area contracts, the region below it relaxes so food does not move upward.

e As food moves down, it causes the next region to contract.

The esophageal sphincter, a ring of muscle, controls passage of food into stomach.
Pyloric sphincter—from stomach to intestine

lleocaecal sphincter—between small and large intestines.

Anal sphincter relaxes to allow defecation. 30
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. 38.3 The Vertebrate Gastrointestinal System Is a Disassembly Line

Chemical digestion:

Salivary glands secrete amylase that breaks down carbohydrates.

Gastric pits in the stomach have 3 types of secretory cells:

e Mucus secreting cells: mucus protects tissues from the acids and enzymes.

 Chief cells secrete pepsinogen, the inactive form of the protease pepsin.

Low pH of the stomach denatures proteins, and converts pepsinogen to the active form,
pepsin.

Pepsin activates other pepsinogen molecules—autocatalysis, a positive feedback process.
e Parietal cells secrete HCl; keeps stomach pH below 1.

Carbonic anhydrase catalyzes formation of H,CO, from CO,, which dissociates to HCO,~ and
H*.

H* is exchanged for K* in gastric pit lumens.

K* leaks back into the cells and H* is continually returned to the stomach.

32



Ewkova 38.12 H Ztopayiki Apaotnplotnta

(A) Avatopia Tou oTopayou (B) Faotpikdg PAevvoyovog Tng () O1 Spaocsig Twv Bepéwy Kat Twv tuBéMuwv KUTTApwv
Karw otco- Enévduong Tou oTopdxov : L~ @gpéMo KUTTIapO
Payikog (xUtrapo nov
o@lyKpag £xkpiver o&0)
— EpBoApo
KUTTapo
(xkOTTapo nov
£xxpiver ofV)

yovo o€ nepivn, H veooxnuatioBeioa

" XapnAég Tipéc pH petatpénouy 1o negivo-
. neivn evepyonoiei GAa podpia nePivoydvou,

' (Bkzvvo-exxpnlxa
emBnAiaka xUtTapa)

Ta yaotpixa foBpia eivar .

l Babiéc avaSmAWoEKC ToU (a) Evtpyqnm\ HETAPOPA TWV 16vTWY H* \
| | oTopaxKoU BMWOYOVOU H avBpaxikr) avudpaon katalve Tov oxnpcmou&
EmOnNon s mepehety avBpaxikou oféog (H,CO,), 1o onoio Siiotaral ‘
| | eabsaing mau By ot H* xa1 HCO T ‘
| HO xat nevoyovo. . .

Eikova 38.12 H Zropaxikn Apaoctnpiéotnta (A) O avBpwrni-
VOG OTOHAXOG anoBnkeVEL TNV TPOP] KAt TNV QVAMEYVEL LE TIE-
nTikég exkpioelc, (B) Ta yaotpika Bobpia sivar avadinAwoeig tng
enévduong tou otopdyouv. (I Ta epéAipa kOTTapa oTa YyaoTpika
BoBpia exkpivouv udpoxAwpikd oy, kal Ta Bspuéhia kUTTapa
ekkpivouv nePivoydvo. To HC kal n autokatGAuon HETATPENOLY
TO aQvevepyo nePivoyovo o€ evepyr) negivn. () Ta epBohipa

KUTTapa Snuioupyolv pia peydin S1agopd oTn ouykEVTPWOon TadrravBpaxixa petapé-)  Bl7q H* peragépovia evepyn-
Twv H* petay Tou auAol ToL YaOTPEVTEPIKOU CWArvVa Kat Tou SR Tikd 01OV QUAS TOU YaOTPI-

; ; ' efwrepikd ané v nigu- ko0 BoBpiou we avtaayua
£€WKUTTAPIOU UYPOU, HETAPEPOVTAC EVEPYNTIKA OTOV QUAS TwV pd TOU KUTTGPOU NOU yak®. |

yaotpikwv BoBpiwv 1évra H*, Ta onoia napayovrar and v ghvai Koved oro alga,
| w¢ avralayua yia CI™.

katahuTikr SpGon Tng avBpakikric avudpaonc. " copyright @ 2023 EKAOSEIS MAMAZHIH = 33



Kedpalaio

38 38.3 The Vertebrate Gastrointestinal System Is a Disassembly Line

T e e .

Chyme: Mixture of gastric juices and partly digested food.
Some things are absorbed from the stomach, including alcohol and caffeine, but most
absorption occurs in the small intestine.

Stomach empties slowly, allowing small intestine to work on a little material at a time.
Most chemical digestion occurs in the small intestine.

Small intestine has 3 sections:

e Duodenum—site of most digestion

¢ Jejunum and

e lleum—carry out most absorption

Liver: Synthesizes bile salts from cholesterol and secretes them as bile.

Bile also contains phospholipids and bilirubin (breakdown product of hemoglobin).

Bile flows through the cystic duct to the gallbladder where bile is stored.

Fat entering the duodenum signals the epithelial cells to release the hormone
cholecystokinin (CCK). This hormone stimulates the walls of the gallbladder to contract
rhythmically and squeeze bile into the duodenum.

Bile emulsifies fats in the chyme. One end of the molecule is lipophilic and the other end
is hydrophilic. Lipophilic ends merge with fat droplets and keep them from sticking
together, forming micelles. This enlarges the surface area exposed to lipases that digest fat
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- 38.3 The Vertebrate Gastrointestinal System Is a Disassembly Line

The pancreas is both an endocrine and exocrine gland.
Exocrine: Secretes digestive juices to the duodenum via the pancreatic duct.

>

>
>
>

VYV VY

>

Pancreas produces many digestive enzymes, including lipases, amylases, proteases, and
nucleases.

Protease enzymes are released in inactive forms called zymogens.

Zymogens cannot digest the pancreas and its ducts before reaching the gut.

The zymogen trypsinogen is activated by enterokinase to produce the active protease
trypsin, which can activate other zymogens.

The pancreas also secretes HCO,™ to neutralize chyme in the intestine.

Intestinal enzymes function best at neutral or slightly alkaline pH.

In the small intestine, epithelial cells secrete various enzymes to cleave peptides,
disaccharides, and lipids.

Many humans stop producing lactase after childhood, and cannot digest lactose.

e The lactose is metabolized by bacteria in the large intestine, causing gas, diarrhea, and

cramps.
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. 38.3 The Vertebrate Gastrointestinal System Is a Disassembly Line

» Epithelial cells absorb nutrients and inorganic ions by many mechanisms.

» Na* and other ions are actively transported; the osmotic concentration gradient that is
created is important for water absorption.

» Water moves through spaces between cells and carries nutrients in solution— solvent
drag or bulk transport.

» Fructose transporters facilitate diffusion; a concentration gradient must be
maintained—fructose is converted to glucose in the cells, so fructose concentration is
always low.

» Symporters combine transport of nutrient molecules with Na* as it diffuses down its
concentration gradient.

» Products of fat digestion are lipid-soluble and pass through the microvilli membranes.

» In the cells, fats are re-formed into chylomicrons that pass into lacteals, vessels of the
lymph system, before entering the blood stream.
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- 38.3 The Vertebrate Gastrointestinal System Is a Disassembly Line

» Blood leaving the digestive tract goes to the liver via the hepatic portal vein.

» Liver cells absorb nutrients and store them or convert them for use.

» Glycogen is synthesized from sugars, proteins are made from amino acids, and lipids
can be used to make lipoproteins.

» The large intestine, or colon, absorbs water and ions and produces feces.

» Too much water absorption in the colon leads to constipation; too little leads to
diarrhea.

» In the colon, segmentation movements are due to contractions of circular muscles that
repeatedly divide the colon into separate segments.

» This causes the chyme to slosh around in the colon and promotes absorption of ions
and water by increasing contact with the epithelium.
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38.4 Nutrient Availability Is Controlled and Regulated

Focus Your Learning

e Hormones control actions of the digestive tract and its accessory organs.

e The liver interconverts and stores fuel molecules.

e The pancreas secretes hormones that help control glucose levels in the blood.

e Body mass and food intake behavior is influenced by stimulatory and inhibitory
hormones that activate neurons in the acruate nucleus region of the hypothalamus in the
brain.
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38.4 Nutrient Availability Is Controlled and Regulated

» Digestion is governed by neuronal and hormonal controls.

» Many autonomic reflexes coordinate activity in different regions of the digestive tract.

» The enteric nervous system coordinates movement of food; it also exchanges
information with the CNS.

Digestive hormones:

e Secretin from the duodenum causes pancreas to secrete bicarbonate ions.

e Cholecystokinin (duodenum) causes gallbladder to release bile, stimulates pancreas,

slows stomach action.

e Gastrin (stomach cells) stimulates stomach movements and secretion of digestive juices.
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38.4 Nutrient Availability Is Controlled and Regulated
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» Animals do not eat continuously; they exist in one of two states:

e Absorptive state—after a meal when food is in the gut and nutrients are absorbed.

e Postabsorptive state—stomach and small intestine are empty and metabolism runs on

internal reserves.

The liver can interconvert fuel molecules.

» Monosaccharides can be converted into glycogen or fats during the absorptive state;
this can be reversed in the postabsorptive state.

» Gluconeogenesis is the conversion of amino acids and other molecules into

glucose. Exercising muscles produce pyruvate and lactate that can enter the blood and get

taken up by the liver and converted to glucose.

» The liver controls fat metabolism by lipoprotein production. Lipoproteins are the most
abundant fuel reserve in the body; they also move fats in the blood.

» Chylomicrons are lipoproteins produced in the small intestine.

» Lipoproteins produced in the liver:

e High-density lipoproteins (HDLs) remove cholesterol from tissue and carry it to liver.

e Low-density lipoproteins (LDLs) transport cholesterol around bodly.

 Very-low-density lipoproteins (VLDLs) transport triglycerides to fat cells.
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38.4 Nutrient Availability Is Controlled and Regulated

Insulin is released by the pancreas (from beta cells) during the absorptive period,
when blood glucose rises.

» Insulin promotes uptake and utilization of glucose for metabolic activities or synthesis
of glycogen and fat from excess glucose.

» Glucagon is produced by alpha cells in the pancreas and has the opposite effect:

it stimulates liver cells to break down glycogen and carry out gluconeogenesis.

» Glucose enters cells by facilitated diffusion, thus a concentration gradient is required
and blood glucose levels must be regulated.

» Glucose transporters are sequestered in cytoplasmic vesicles until insulin binds to
receptors on the cell surface and triggers insertion of transporters into the cell
membrane.

» Insulin also controls how cells use the glucose they take up.

In adipose cells, insulin inhibits lipase and promotes fat synthesis from glucose.

» In liver cells, insulin activates glucokinase, which phosphorylates glucose as it enters, so
it cannot diffuse back out again.

» Insulin inhibits glucose phosphatase (which if active would enable glucose to leave the
cell), activates glycogen synthase, and activates enzymes that increase the flow of
glucose into glycolysis.
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38.4 Nutrient Availability Is Controlled and Regulated

In the postabsorptive state, insulin levels fall.

To maintain blood glucose levels, liver cells break down stored glycogen, releasing
glucose into the blood.

Lipase activity increases in liver and adipose tissue, releasing fatty acids.

Most cells use fatty acids for fuel in the postabsorptive state.

Cells of the nervous system do not switch fuels and require a constant supply of
glucose.

Most neurons do not require insulin but a concentration gradient is needed to drive
facilitated diffusion of glucose.

If blood glucose level is very low, glucagon is released and stimulates the liver to break
down glycogen and begin gluconeogenesis.

Under conditions that stimulate glucagon release, the effects of low insulin are already

in play.
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™V aneAevBEépmwon g YALKONG 0TO alijlaL.

E: To vevpikd ocvomua egaptdtonr amd T cvvern
apoyn YALKOONG, OpmG Kapio omd TG OPAGEIS TNG
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veLpIKoO cuotnua. [ati;
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38.4 Nutrient Availability Is Controlled and Regulated

The hypothalamus provides signals of hunger or satiety and governs how much food is
eaten.

The arcuate nucleus integrates a variety of feedback signals that influence food intake
and metabolism.

Three proteins reflect the body’s energy balance: insulin, leptin, and ghrelin.

Leptin is released by fat cells in proportion to how much lipid they contain. It acts as a
satiety signal.

Insulin and leptin activate neurons in the arcuate nucleus that inhibit feeding.

Ghrelin is released by the stomach when it is empty and has the opposite effect on the
arcuate nucleus.

Another signal in feeding regulation is the enzyme AMP-activated protein kinase
(AMPK).

AMPK is activated in starved cells and stimulates oxidation of substrates to replenish
ATP.

Insulin and leptin decrease AMPK activity in the hypothalamus, and ghrelin increases it.
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