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Metabolisme

« Semua Perubahan kimia yang terjadi di
dalam tubuh

— Anabolism: energi digunakan untuk proses
perubahan molekul kecil menjadi besar

— Catabolism: energi dilepaska dalam proses
perubahan molekul besar menjadi molekul yang
lebih kecil

* Energi dari carbohydrates, lipids, proteins
digunakan untuk memproduksi ATP melalui
reaksi oksidasi-reduksi



Metabolisme adalah proses kimia pada katabolisme
maupun anabolisme
Katabolisme melepaskan energi (exergonic), dan
Anabolisme memerlukan energi (energonic)

Catabolism Smaller

ﬁ molecules
Larger
molecules . Q

0.

Energy

W

Anabolism




Reaksi-reaksi Reduksi-oksidasi

Oksidasi terjadi dihasilkan oleh oksigen atau
kehilangan hidrogen

Kapanpun satu senyawa dioksidasi, maka
senyawa yang lain direduksi

Zat yang teroksidasi kehilangan energi
Zat yang tereduksi menghasilkan energi

Coenzym-coenzym aktif sebagai hidrogen (atau
akseptor-akseptor elektron).

Dua coenzym penting adalah nicotinamide
adenine dinucleotide (NAD™) and flavin adenine
dinucleotide (FAD)



Tahap Metabolisme —
- Digestion
. in Gl tract
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STAGE 1.
BREAKDOWN OF
LARGE

MACROMOLECULES amino simple fatty acids
TO SIMPLE SUBUNITS acids sugars and glycerol

STAGE 2: — (O licase )

BREAKDOWN OF SIMPLE CYTOSOL e p
SUBUNITS TO ACETYL
CoA ACCOMPANIED
BY PRODUCTION OF

LIMITED AMOUNTS p——
OF ATP AND NADH

STAGE 3: mitochondrial

COMPLETE membrangs
OXIDATION B

OF ACETYL

CoA TOH20

AND C0O2
ACCOMPANIED

BY PRODUCTION

OF LARGE AMOUNTS
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MITOCHONDRION

plasma il QE
membrane  —

of eucaryotic
cell

Figure 13-2 Essential Cell Biology, 2/e. (© 2004 Garland Science)



Proses Katabolisme

FOOD
|
v v v
Proteins Carbohydrates Fats
| | |
Glucose Fatty acids

Amino acids

/ and glycerol

[oeoe] ot

> Pyruvate
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(Citricacid)] phosphorylation
cycle




Anabolisme

Molekul besar disintesis dari molekul yang lebih kecil.

Kelompok molekul (asam amino, gula dan asam lemak) diproduksi
atau diperoleh dari makanan.

Karena proses anabolisme termasuk sintesis polisakarida dan protein
dari gula2 dan asam-asam amino, tahap-tahap biosintesis mengalami
kenaikan dan kompleks, proses ini memperoleh energi bebas (ATP
dan NADPH).

phosphoanhydride bonds
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Figure 3-32 Essential Cell Biology, 2/e. (® 2004 Garland Science)



Metabolisme Carbohydrate

* Oksidasi glukosa ditunjukan dengan
reaksi umum sebagal berikut:

CeH.,0 + 60, > 6H,0 + 6CO, + 36 ATP + heat

* Glucosa dikatabolisme melalui tiga
tahap:
— Glycolysis
— Krebs cycle

— The electron transport chain and oxidative
phosphorylation



Tahap-tahap Metabolisme Karbohidrat

Reaksi
enzimatis dari
bentuk
metabolisme
suatu jaringan
melalui reaksi-
reaksi kimia.

Enzim-enzim
mengontrol
aliran energi
yang
menyelesaikan
tahap-tahap
metabolisme.
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3 TAHAP UTAMA METABOLISME KARBOHIDRAT

Glycogen
Glycogenesis < ) Glycogenolysis
Pentose and Pentose phosphate al .
ucose ertain
other sugars pathway artins
acids
Gluconeogenesis Glycolysis
Pyruvate

Lactate /

Fatty
acids
Citric acid
cycle
Electron
transport
system

oo} + @ + ATP



Katabolisme Karbohidrat

p

Chemical energy (high-energy electrons)

Mitochondrial ——4"
cristae

Via substrate-level
phosphorylation

Mitochondrion

\

b 4

Via oxidative
phosphorylation

! |i Figure 24.5



Vitamins in Pathways

Glycogenolysis
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GLIKOLISIS

Glukosa juga diperoleh dari makanan.
Glukosa disimpan dalam bentuk glikogen
(glikogenesis).

Setelah glukoneogenesis, glukose diubah
dari glikogen di hati atau otot untuk
dilakukan glikolisis.

Glikolisis adalah menguraikan glucose 6 C
menjadi 2 pyruvate 3 C.



Glikolisis

« Tiga fase tahap didalamnya adalah:
— Glucosa dioksidasi menjadi asam piruvat
— NAD™* direduksi menjadi NADH + H*
— ATP disintesis oleh substrate-level
phosphorylation
 Asam Piruvat :

— Berpindah ke dalam siklus Krebs di dalam
tahap aerobik

— Direduksi menjadi asam laktat pada
lingkungan anaerobik




Glycolytic
Pathway
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Glikolisis

T Glucose ,
s _ Electron trans-
: cyles port chain
u '\/

and oxidative
phosphorylation

Figure 24.6



Glikolisis: Phase 1 and 2

 Phase 1: Aktivasi gula

— Dua molekul ATP mengaktifkan gula untuk
menjadi fruktose-1,6-diphosphate

 Phase 2: Pemecahan gula
— Fruktose-1,6-bisphosphate dipecah
menjadi dua 3-carbon isomers

» Bishydroxyacetone phosphate
» Glyceraldehyde 3-phosphate



Glycolysis: Phase 3

e Phase 3: Oksidasi dan Pembentukan

ATP

— 3-carbon glukosa dioksidasi (reducing NADY)

— Kelompok Pospat anorganik (P;) dilekatkan pada
masing-masing fragmen teroksidasi

— Pospat akhir dipecah dan ditangkap olen ADP
untuk dibentuk menjadi 4 molekul ATP

— Produk akhirnya adalah:
 Dua molekul asam piruvat
« Dua NADH + H* molecules (reduced NADY)
* Dihasilkan dua molekul ATP



Empat
tahapan
umum
0roses

memproduksi
nlokimia
energi di
dalam
tubuh

manusia

STAGE 1

The process of digestion changes
large, complex molecules into
relatively small, simpler ones.

\ 4

Fats

I |

Ingested Food

Carbohydrates

Proteins

v

Fatty
acids

Glycerol

Glucose and
other sugars

Amino acids

STAGE 2

Small molecules from digestion are

degraded to still smaller units,

primarily the two-carbon acetyl group

that becomes part of acetyl CoA.

'

!

Acetyl Group Formation (Acetyl CoA)

STAGE 3

Acetyl CoA is oxidized to produce

CO, and reduced coenzymes (NADH,

FADH,) in the citric acid cycle.

STAGE 4

NADH and FADH, facilitate ATP
production through the electron
transport chain and oxidative
phosphorylation.

CITRIC » CO,
ACID
CYCLE

Co,

ATP

NADH, FADH,

Electron transport chain
and oxidative phosphorylation

ATP ATP

H,0




Nasib piruvat dari glikolisis

PYRUVATE
I
CH,—C— COO~

I—‘—I

Aerobic conditions

in humans, animals, and

microorganisms

l

Anaerobic conditions
in humans, animals, and
some microorganisms

l

Anaerobic conditions
in some
microorganisms

l

ACETYL CoA

LACTATE

ETHANOL

O
|

CH,— C—CoA + CO,

OH
CH,— CH— COO~

CH,— CH,— OH + CO,
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Glycolytic Mechanism

* Fructose and galactose are converted into
glycolytic intermediates

Glucose

v

i Glucose-6P Y
(G-6P)

> \ =

-

[ Fructose | Fructose-6P |
L(au:lipose tissueL (F-6P)

~ n

Galactose

\

v
F-1,6-BP




Glycolytic Mechanism

» Fructose can enter
] [ Fructose j
glycolysis two ways o
— In liver, fructose 1- et [ nor
phDSphatE pathWEy Fructose 1-phosphate
- Fructose 1-phosphate 4!
aldolase |
Glyceraldehyde + [Dihrdrnxya:etune]
Triose ATP phosphate
Kinase
i"'-l- ADP

Glyceraldehyde
3-phosphate

Fapie 14
Ry B p, L b Pl




(B) FERMENTATION LEADING TO EXCRETION OF ALCOHOL AND CO,

2|ADP) -i C 2 NAD® -
2@32 ] NADH BTy 2NAD'—:
o .
2 x pyruvate !
Q) Q)

N/ NAD'
( \'ch,!l‘:r-?etl1-’l'l
|
C
|

=0 ﬁ H(| %
CHy W CH‘ldhd
2 x acetaldehyde H,C —OH
l
| CH,
2x  CO, 2 x ethanol

Figure 13-4 part 2 of 2 Essentisd Cell Biology, 2%. (© 2004 Garand Soence)




Energy is released
pyruvate from NADH from
glycc:lysis CO; glycolysis

|

"

pyruvale

l .' |ADP, . P,
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ACETYL ACID —tﬂmﬁ-‘ OXIDAT’VE
CoA CYCLE /
coA PHOSPHORYLA TON ™
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-

Eneragy is reguired

Figum 13:17 Essectial Col Bology, 20, 10 2004 Garland Sclenco)




_nucleotides

glucose 8-phosphate amino sugars

fructose G}phosphate- —=  glycolipids
| glycoproteins

GLYCOLYSIS #£ dihydroxyacetone . lipids
: phosphate :
serine -~ 3-phosphoglycerate amino acids

3 pyrimidines

phosp!*oenolpyruvate

alanine « | :
~—pyruvate
_cholesterol

— fatty acids
aspartate : ’/\ citrate < -
other amino acids . . oxaloacetate \

purines

nee. ! crmRic
pyrimidines f ACID

{ CYCLE
a-ketoglutarate

succinyl CoA \ glutamate
heme = other amino acids

chlorophyll purines

Figure 1323 Essential Cell Biciogy, 2. (© 2004 Garland Scence)



Glucose

Hexokinase ATP
or
Glucokinase ADP - v
» Fructose-6-
Glucose-6-P Phosphoglucose ATP
isomerase — .
Phosphofructokinase-1
Phase one ,\ ADP
......................................................... Fructose-16-Bp T
Phase two Aldolase A

' '

Dihydroxyacetone P + Glyceraldehyde-3-P
Triose phosphate
Isomerase

Glyceraldehyde-3-P

N\
2 molecules of Glyceraldehyde-3-P

L

Second half of glycolysis (Phase three)

Gambar. 3. Fase tahapan Glikolisis



Fase ke 2 Glikolisis

¢ fructose-1,6-bisphosphate terurai

€ 2 molekul glyceraldehyde-3-phosphate
dihasilkan pada tahap glikolisis ini



Glyceraldehyde-3-P
(from first half of glycolysis)

NAD* + P, ~~

/

v

1,3-BisPglycerate / YB-Pglycerate
P

Phospho-
glycerate
kinase TP | glycerol

mutase

Glyceraldehyde-3-P
dehydrogenase

NADH + H*

ADP

Enolase v

Phosphoenolpyruvate ™ 2-Pglycerate

ADP

Pyruvate kinase

~
ATP

\ 4
Pyruvate

Gambar 4. reduksi oksidasi dan fase pembentukan ATP (3 fase)



Glyceraldehyde-3-P Dehydrogenase Features

Glyceraldehyde-3-P
(from first half of glycolysis)

NAD* + P, ~~

/

\ 4
1,3-BisPglycerate

Glyceraldehyde-3-P
dehydrogenase

NADH + H*

€ Reaksi oksidasi reduksi
€ cofaktor NAD* tersedia dari niacin

€ produk ikatan pospat berenergi tinggi



Hubungan klinis dengan makanan - Niacin

komponen yang berfungsi dari NAD(P)(H)
NADPH di dalam proses biosintesis

juga penting di dalam metabolisme pigmen
niacin deficiency = pellagra

"4 Ds," diarrhea, dermatitis, dementia, death
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Glyceraldehyde-3-P

(from first half of glycolysis) Anaeroblc_:
NAD* +P, regeneration of
Glyceraldehyde-3-P
NAD* dezydrogen;;e NAD?
NADH + H*
NAD*
_ 3-Pglycerate
1,3-BisPglycerate / ‘:
NADH + H* Phospho-
f Pglycerate
NAD ADP S ioee  ATP | glycerol
INADH + H* mutase
NAD* Enolase v
NADH +H"  phosphoenolpyruvate ™ 2-Pglycerate
+ H*
NAD: VADH +H ADP
NADH + H* Pyruvate kinase
+ >
NAD: NADH + H ATP

v
L actate A / Pyruvate

Lactate dehydrogenase
anaerobic




Glyceraldehyde-3-P
(from first half of glycolysis)

Anaerobic

NAD™+ P, regeneration of
- P 4 ~—— Glyceraldehyde-3-P NAD*
'/ NADH + H* +~— | dehydrogenase
\ ] |
\ 1 -
\ 1,3-BisPglycerate / ‘:3 Pglycerate
\ Pglycerate Phospho-
\ ADP linase  ATP | glycerol
\ " mutase
\ Enolase v
\ *,  Phosphoenolpyruvate* 2-Pglycerate
\
\ I/ADP
“ “"4 Pyruvate kinase
NAD* NADH + H* ‘ATP

v
L actate A / Pyruvate

Lactate dehydrogenase




Glyceraldehyde-3-P

(from first half of glycolysis) Aerobic |

NAD™* P regeneration of

Glyceraldehyde-3-P NAD*

NADH + H* +~— | dehydrogenase
v
1,3-BisPglycerate / Y3-Pglycerate
Pglycerate Phospho-
ADP  linase  ATP | glycerol
mutase
Enolase v

—2-Pg

Phosphoenolpyruvate lycerate

ADP

Pyruvate kinase

~
ATP

v
Pyruvate » CO,
Pyruvate dehydrogenase +

Citric acid cycle




Fructokinase

Aldolase B
ATP ADP

Glyceraldehyde + Dihydroxyacetone phosphate

Glyceraldehyde Kinase\r ATP %omerase

GLYCOLYSI|S = 2 GLYCERALDEHYDE-3-P
Net 2 ATP « +4 ATP

Figure 5. Tahapan metabolisme fructose di liver



Intoleransi Fruktosa

Fructokinase

FRUCTOSE ﬁ FRUCTOSE-1-P
ATP ADP

x Aldolase B

Glyceraldehyde + Dihydroxyacetone phosphate

Glyceraldehyde KinasNATP /Isomerase

2 GLYCERALDEHYDE-3-P

F F-1-Pand F-1,6-BP allosterically menghambat glycogen phosphorylase

E hasilnya fruktosa intolerance ini menyebabkan hypoglycemia



Intoleransi Fruktosa

Fructose

Fructdée-l-P

1° Deficiency:
F-1-P
Aldolase

DHAP
+ Glyceraldehyde

Glycogen

Pyruvate

 Lack of Pi
 Allosteric Inhibition by F-1-P

» Glucose

Effects:

* F-1-P

 Pi

» Glycogenolysis

» Gluconeogenesis

* Blood Glucose

* Reducing sugar ( ) in urine

Treatment:
* Limit Fructose/Sucrose




Galactose

_ ATP
Galactokinase
ADP
Galactose 1-P
Uridyl transferase UDP-Glucose
Glucose 1-P
Phosphoglucomutase
UDP-Galactose /
: / Glucose 6-P
Epimerase /
/
/
7
UDP-Glucose “
GLYCOLYSIS

Figure 8. Prinsip tahapan metabolisme galaktosa di dalam hepar
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TABLE 3-8 Characteristics of Glycolysis

Entering substrates Glucose and other monosaccharides

Enzyme location Cytosol

Net ATP production 2 ATP formed directly per molecule of glucose entering pathway
can be produced in the absence of oxygen (anaerobically)

Coenzyme production 2 NADH + 2 H" formed under aerobic conditions

Final products Pyruvate—under aerobic conditions
Lactate—under anaerobic conditions

Net reaction

Aerobic: Clucose + 2 ADP + 2 P, + 2NAD" —

2 pyruvate + 2 ATP + 2 NADH + 2 H™ + 2 H,0
Anaerobic; Clucose + 2 ADP + 2 P, — 2 lactate + 2 ATP + 2 H,0
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