BIOCHEMISTRY,

UNIT 2 NOTES

¢ CARBOHYDRATE METABOLISM
¢ BIOLOGICAL OXIDATION
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CARBOHYDRATE METABOLISM

® (arbohydrales are the most abundant oronic molecvle on s earth.

e Carbohqdro}es are 4he mojor source of energy N our badt,.

® Al the biochemical processes that are involved In the synthesis,
breskdown and intefconversion of  carbohydrales that ensures @

(onstant supply of energy 10 al the h‘w’ng cels are known a2
(arbohydrate  Metabolism .

® (abohydrate Metobolism is simples than fat or amina acid
melobalism , hene carbohydrates are used as instant source of
energy

® Gluwse is the most fmportanf carbohydrate  which takes Par+
in the carbohydrate metabolism

Mogor Paq‘hmmf of Gubohydiole Metabolism
o (ilycolysis

® (itic Aad (yde
° @tumneogenesis

¢ Glycogenesis

® (lycogenalysis

® HMP Shunt
&
®
&
[ ]

Uromic Aad Metabolism
(halattose Metabolism
Frucdose Metabolism

Amino Sugar € Mucpolysaccharide Metabalism
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GiLycoLysis |

® Glycolysis is one of the mos important pathway of cosbohydrate
metabolism  occurs [n all dypes of living cells.

o Tt fakes place in the cytoplasm Caytosol ) of @lls as all the
enzymes involved i glycolysis pathway present 0 ytoplasm.

® Tt (an tokes Place In both ether Qerobic ar anaerobic conditions

e Under Aerobic conditions One molectle of Giluwse (onverted into
Under Aer two molecles of  Pyrvole along with the Pmduch'an
of energy in the form of ATP and NADH.

® Under Anaerobic conditions Pyrovale [s further Converted into Ladate .

® Glycolysis is olso known as EMP C Embden , Moyerhof famos)
Pathway .

Pathway OF Gilycolysis ( Sunificonce)

o T is e only pahway that fales plae in ot e cels of bedy.

o from glyalysis pothway * energy is obtained In the fom of AP
which \s further used for vanous metabolic .

e Tt is the only source of energy  In RBGs  ( Frythrocytes )

o Duiing extteme exercise fuhen Musde tissve lacks enough Oxygen,
Angerdbic  Qlycolysis ocwrs that forms  major Sourre of energy

for muscles .
® Tt also helps In the synthesis of Non- Essenlil Amino Acids.

® (nlyceroldehyde - 5- Phosphate is  Used n hSchesides ancl
phaspholipids sznmesis.
o Glycolysis s first step of mplete oxidalion of glucese.
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GrLuCoSE

1

G1LUCOSE - 6 = PHOSPHATE

I (Phosphoglucoisomerase)

FruCTOSE - 6 - PHOSPHATE

[

&

Fructose 1,6 - BIPHOSPHATE

: @

v

DIHYDROXYACETONE GILYCERALDEHYDE -3-
PHospHATE (OHAR) PHospHATE  (Gi3P)

L

]
1 (3P Dehydrogenase)

1 1,3- BISPHOSPHOGILYCERATE

I C Ehosphoglqcerute kinase)

3 - PHoSPHOGILYCERATE

I ( Phﬂsphogiqcerﬂ ﬁL@)

9- PHOSPHOGILYCERATE

{ ((Enolase.)

PHOSPHOENOLPYRUVATE (PEP)

PR :HTE : (Pyrovate  kinase.)
1
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Steps of Glll!ca[ulsis Pathway

@ Glucose s converted Into élumse~ G*phasphc&e In the presence
of hexokinase that breoks the ATP into ADP € Pi |

@ @lucose - 6- Phosphate isomerised into Frudose- & Phasphate
by the enzyme ’Phosphaglum isomerase '

@ Frudose -6 - Phosphate is further converted into  Fructese- 1,-6
-biphasphate in the presence of  Phosphofiucto kinase *

@ Fructose 1,6- biphosphate 1 fother cleaved into  fwo @mpoundz
each hauing 3 (arbon afoms, -

e One is Glyceraldehyde -3- Phosphate  (Gi3P)

e (ther is Dihydroxyacetone - Phosphate C DHAP)

® DHAP Is fudher isomerise fo G3P, hene we get 2 Molecvles
of G3P ( Glyemidehyde - 3- Phosphate )

® Glyceroldenyde - 3- Phosphate 1S @nverted Into 1-3- Bisphosphoglyeerte.
in the presence of G3P Dehydmgenase.

© 1-3- bisphosphaglycerate 1S (onverted fnto 3 - Phosphoglycerate
blf the enzyme (Phosphoalq(m}e kinase )

@ 3 - Phosphoglycerate is isomerised to Q- Phosphoglycerate by the
enzyme Phosphngluwmuiase.

2- Phosphoglycerate is onverted iftto  Phosphoenol  Ayrovate by
the emyme enolase .

® PhosPhoenol quuah: IS ﬂ'nalh, onverted into Pyruuafe in fhe
resence Of " Pyrovoke kinase !

© ring Anaerbic  (ondition P«dwualrﬁ \s further @nverted into
ladate in the presence of lodate Dehycmgenase .
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ENERGETICS OF Gycoysis PATHWAY
@® Molewles of ATP Gain (Sqnthesized)

® Glyceraldenyde - 3- Phosphate 13 Bt's.phcsphoalqcemle » 6 (2na0H)
e 1,3 stphosphcglq(a‘olﬂ = 3 Fhosphoaly(aul'e ? 62

® Phosphoenclpyrovate — P‘druuo}e ? 2

@ Molecvles of ATP Used Cutilized )
e (lucose — (luase 6- Phosphote T
o Frucose-6-Phosphote  —*  Fudose- 1.6 Diphosphate. 7 1

e No- of ATP SK’MhESi’LEC‘ = |0
e No- of ATP Usd = B

Net ATP Synthesized — 8
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e The citic acid cycle is discoveted or qiven by Sir Hans krebs
in 1931 , henee it Is also known as keebs Cycle.

e The another name of cilric acid cycle or krebs cycle Is TCA Cycle
( Tcarboxylic  Acid Cl;dc) ;

® The (itnc Acd (ycle Occurs inside Mitochondna and genemies a
high amount of chemical enery .

® The (itnc Acid Cyde Is nothing but the forward  procedure  of
Aerobic  Gilycalysis Pathway . ’ .

® The end Pfeduﬂ of Aerbic Glywlysis Pajhway ﬂ,ruw}e S
Converted Into  Acetyl- @A , which Starts the citic acid cyde .

e The atnc aad ¢yde s the mest important  metabolc palhmay
for 4he energy supply to the body as about  6S- 307 of ATP
s synthesized 1n this cycle.

® The major event of atic acid cyde (s oxidolion oF Acetyl- ©A
into (02 .

® The atic acd cyde occurs only in  Aewobic (ondiions .

5iﬂniﬁtﬂnta Of Citric Acid Cyde
o Tt |5 the mg{or source of enerqy for body .
o Tt is the final (ommon oxidative pathway .
® Duinq Ginc acd cyde complete oxidation of acetyl - (0A oqurs.
® Exeess of Cabohydiotes s converted into fat.
o Tt olso helps in the gynthesis of MNon- Essential Amino Acids.
e Hign amount of ATP is ge.nercded.
® Tt 1s amphibolic in nalure.
® Fot is bumed on the wick of cabohydrates.
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6+eps of Citic Acid Gycle

STEP-TI[: In the first s{ep the aetyl- (oA reads with oxaloaetok

(4 awbon @mpound ) 6 form Citrate (6 C- compound ) .

STEP-I |- In the Send Si'eP the citrate Unda"gﬂes Isomenisalion

to fom Tsocitrate jn the presence of Acwnitase.

STEP-TM [ In the +hird s‘rep a (02 Qroup is femoved / released

from Tsocittate and it Is Converled Inta o - ketoglutrate
in the. presence of Tsocitrate Dehydrogenase

STEP-X | Tn 4he fourth step one more (02 grovp is feleased from
from o- keloglutrate € Succinyl Co-A is formed in
the presence Of &- ketoglutrate Dehydrogenase .

STEPIZ |. In the fifth step succingl-GA is Converted into Suainate

In the presene Of succinyl - CoR synthase and also
molecwle OF GiOP Is Converted into GTP

STEP-YL|! Tn the &t step Succinate Is converted Into Fumarate

Dl; oxidatton 1n the Presence of Succinate dehydltﬂemse,
and olso a molecvle of FADH2 is formed from FAD .

STEP-TIL|: In the It S’rep Fumarate Is comvetted into Malate

In the presence of enzyme  Fumarase .

STep-WIL |2 In the last step Malote 1s gqain converted info

Oxaloacetote in the presence of Molate Dehydmgenase
and kreb's (yde continues .
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ENErGENCs OF KkreB's Cycce
Alhmﬂn Cnversion 0f Pyruvate Into Aceh/l Q-A 15 nat a(’rualry
the paut 0f kreb's qycle but for enerqy colculobon we also Include

this Paﬂ :

Totol ATP
* Ayruvale - Acetyl - (oA 7 3 (Naow)
e Isocitate - - ketoglutrate ? 3 (NADH)
* (X- ketagiuhﬂh?. — Sum'nql - (oA ? 3 (NADH)
® Sucinyl - (oA 1 Succinate ? 1 (&)
® Succinate =" Fumarate ? 9 (FADH2)
o Malate — Oxaloacelate 7 3 (NADH)

Net ATP = 1S (Fom 1 PyruvATE)

® Since, here are 2 molcules of PRyrovote or Acetyl- @-A hence the
fotal AP formed in krey's qycle = 15X2 = 30
® And (f we falk about fotal ATP PmdUted by 1 Glucwse malecule -

1

® Total ATP from 1 Gilucose = ATP Produed in Gtycolysis + kreb's cydle

8+ 30
38 ATP

h N
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HMp SHUNT

® The full form of HMP Shunt s " Hexose Monophosphate Shunt’
® The another names of HMP Shunt are -

@ Fentose  Phosphate Palhuny

® Phoaphogtumna*e Po!hwmf

@ Warbvrg - Dickens Pafhmw{

® It is an altemalive pathway to glycolysis and TCA qycle
for the oxidation of glucose .

® It is moe complex -pothway than glycolyss,

o Tt tokes place in cytosal o cell.

® This pothway Is mainly conceined with the synthesis of NADPH
and Pentose Sugar.

e Tt js anobolic In nature .

o Tt contuns two phase -

@© Oxidakive Phase ( NADPH Sl;n’chesfs)

@ Non- oxidative Phase ( Pentose Suqar Syn’rhesig)

ImPor’fonoe Of HMP_Shunt
The NADPH produed In HMP Shunt use as °
® In the biosynthesis of Fodty aads and steroids .
® Tn fhe biosynthesis Of certain amino acids
® In the Presesvance. or To preserve ﬁanspmency of lenses .
® Tn many deloxification feaction .

The Pen{oae suqar anrhsfzed in HMP Shunt used as -
o Tt s used for sqn’rhesis of Mudeic acids (DNA € RNA) ¥
: . , ; MPERFECT |
® T is used for synthesis of many nudeokides e, ATP NACKgkEid.
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Non- OXIDATWVE PHASE

Gi1LuCcoSE - 6- PHOSPHATE

(NAPPH)

| 6- PHOSPHOGILUCONOLACTONE |

l (Gluconolactone  Hydrolase)
6 - PHOSPHOGLUCONATE
(NADPD
6- Phﬂsphoglumna}e Dehy
(NADPH) C;—@

RIBULOSE - 5- PHOSPHATE

G N\

R180SE - 5- PHOSPHATE XYLULOSE - S- PHOSPHATE

\ / ( Transketolase D

G1LYCERALDEHYDE -3 PHOSPHATE| 4 | SEDUHEPTULOSE - F PHOSPHATE

l ( Transaldolase. )

FRuCTOSE - 6- PHospHATE |+ | ERymRosE -4 -(®) XyLowose -5-@

N, [/

GILYCERALDEHYDE - 3-) |+ | Fructose.-6 -B)
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Steps of HMP Shunt

® First gluwse- 6 phosphole from “Gilycolysis Pathway' Qnverted
into  6- Phosphogluconatadnin the  presence of  Glucose- 6- Phasphate
dehqdmgenase.

® r:lom 6- Phnsphoﬂiumnoladﬂne futher converted 1nto 6 Phosphagrtmnuh
n the presene of Gluconolactone Hydrolase .

®In the third step 6- Fhusphoﬂiuconale Is converted Into Ribulose -5
Phosphate bl’ eleasing one '(0a qroup 1n the presence of
6- Phﬂsphoglumno}e Dehqdmgenase.

® Now this Ribulose - §- Phosphate undergoes [somensation € epimeriscdion
€ fom Ribose - § phosphate € Xylulose - 6 Phosphate fespectively .

¢ Tn the ned Sl-eP Ribose - 5- Phosphate and  Xylose - §- Phosphate
foms and  Gllyceraldehyde 3- Phosphate and  Sedoheptulose - #-(®
in the presence of Trnsketolase .

® Now this &3P and StP Combines and forms Frudose - 6- Phosphate
and Erythrose - 4 - Phosphate in the presence of Transaldolose

® Enythrose - H - Phosphate  @mbines with  Xylolase - § Phosphate R
forms (riyceroldenyde - 3- Phcspho}e < Fuctese - €- Phasphate.,

ENERGETICS OF HMP SHUNT

. Dun‘ng HMP Shunt No ATP Is dl'lt?Cﬂlf Produced or ulihzec! but
it s present in ’rhe. fblrn of NADPH
® Now ATP Prduced 1s
@ Gluwse- 6- Phosphate = 6~ Phosphogluconolactone. # 3 ATP (NADFH)
@ 6- Phosprogluconate  —*  Ribose- S - Phosphate 3 3 ATP (NADPH)

® Now & ATP is produed by 1 molewle oF Glucose- 6- Phasphate but
Hete are 6 molewles of Gi-6-P.

TotaL ATP = 6X6 = 36
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GiLycoGeEN METABOLISM

® Gilycogen Is @ stored form of Qluse.

o Tt mainly stores in liver and muscles .

e Due Yo more muscle mass In our bOdy , the  quantity of 9lycagen
In muscles (250 Smms) s abost 3 times higher than that in
Lives (35 qams).

o Glycogen metabolism s a proess of ynthesis and  Dreakdown
of  glycogen . |

® Glycogen metabolism fakes plae In  Qytosol (ytoplagm ).

Functions of &lgmgen

o Liver glycogen mainfaing blaod - glucose level.
® Musdle glyaogen supplies energy —during muscle  @ntraction .
e Tt supplies enemy dun'n3 staryation,

Why Gilycogen is the major source of stored enerqy

® &lqmgen @n be fapidly mobilized o

e Tt (on generoke energy tven In the dbsence of Oxygen.

® Brain needs (ontinvous  Qlucose Supply that mnsHy (OMeA
from  Qlycogen  breakdown .

®fat s olso a stored fom of energy but it mobilization s
Slow and # olso needg 02 for enerqy  production .
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Tyees OF GLyomeEN METABOLISM

&quogm metabolism (s basiclly of two ﬁ/P@ )
0] G1lycogenesis
@ &lqcngenolqsits

GILYCOGENESIS

® The synthesis of Gilyogen from Gilucose is known 0% Glycogenesis .
& &tumgenesis tokes Pmce in Qylosol € requires ATP € UTP.
® Glycogenesis  —  Gilyco +  Grenesis

STePs OF (ILYCOGENESIS
(lycogenesis occurs i 4 major Steps -
® Synthesis Of UDP glucose
® Requirment of G'llycuﬂen Primer .
® Elongotion of chain
* @lycgen Branchfn3
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(1LUCOSE

l Hexokinase | Gilucokinose
(ADP)

GLwose 6- PHOSPHATE

1 Phasphoglucomutase.

Gilvcose 1 - PHOSPHATE

Ry ]

upp < >

@ PRIMER l Glycogen Initiator Synthase

C
0O

l C Gﬂqc_tgm Synthase )

£0-O-O-O-0-0— 000 O- OO0
O @ ® ® @ ® ®6 ®

o o—E» |

g-o
000000H OO ®
®

Qo
Elongakion by Gilycogen Synthose 1 Branching by branching enf

GILYCOGEN
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GILYCOGENOLYSIS

e The conversion or breakdown of stored glycogen into Gilucose
Is known as Glycogenolysts

® Glycogenolysis mainly tokes place (n liver € muacles .

® Tt doesn't requires ATP or UTP

® Glycogendysis —  Glyogen  +  Lysis

Breakdown

SIGNIFICANCE OF  GILYCOGENOLYSIS

e (lycogenolysis maintains  blood glucose  level durr‘nﬂ Starvation
or Fasting.

® Glyagenolysis fulfl energy fequiment of body When neessary.

o Tt provides energy for muscle Contraction

® Apnormal accumulation of qlycogen (an  leads o Glycogen
stom%c diseage .
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l @umﬂm Phusphorq@
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l ((Debranching Enzymed
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I Gi> |
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Grwcose 1, PHosPHATE | -

o

I (wcose 6 - PHosPHATE
¢
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[ GLycoGEN STorAGE DiseAsE |

® Giycogen storage disease & fhe name suqgest ocrd dve tfo
acwmulahon / storaqe of large amount of  glycogen .

® These disorders are occurs dve to defed n enzymes

® These are Qqenetic disorders .

® Not al but few of them are very seriovy disorders

® Glywogen storage diseases are ax follows

® Non Girke's Oisease

® Pompe's Disease

® (n's Disease

@ Anderson's  Disenge

® McArdle's Syndrome

© Her's Disease

Vo GiIRkE'S DISEASE
® Tt is glyogen storage disease type -I  (GiSD-I)
o Tt oaurz dve to deﬁ‘c:'encq of “Glucse- & - Phosphatase ’,
o Due to this abnormol storage of glycogen ocwria In  kidney
£ lives, thot Causes enlarged [iver,

PompE's DISEASE
o Tt is glyogen storage disease type - It (GisD- 1)
o Tt ocur dve to dEﬁ'C'l’Enu{ of Acad Mallose .
e Tt (an leads to heartt failure .
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Cor's DISEASE |
Tt is Glyogen Storage Disease type Ml C GisD-INt)
® Tt oxurs dve to deficieny OF “Glycogen Debranching Enzymes'
o Tt leads %o obnormalkes in the funchions of liver and
musdes .

ANDERSON's Disease

o Tt is glyogen storage disease , type W (6SD-1v)

I oaurs due to deficiency of “ Gllyagen Bronching Enzymes

® Tn tis disease , an abnorma) form of g'ycogen called
amylopedtin is produed and acumulales in body  tissves ,mcu‘nly
in Heot € Lver,

McARDLE 's DISEASE

e Tt is glyogen storage ~ disease type v (Gso-V)

e Tt ocurs due to deﬁdency of Muscle Phosphorylase .

e In this ladic acd produchon 12 drsreased In mugdes +hat
(owse muscle pain  after heam, exertise

Her's Disense
T Is Qlycogen s’fordge disease. type VI (Gisp-vi)
Tt ocurs due fo deficienqy Of Liver Phosphonyjlase
* Tt (wse disturbance In the fundioning of liver cells,
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‘ GILUCONEO GENESIS |

] Gn!umneugmesis —  Glu ¥ Neo t (enesis

o The synthesis or formakion of Gluese from non- carbohydrate
@mpounds 1s  known 08  (luconeogenesis.

® (rluconeagenesis Is not @ Commen process and occurs  only during
polonged FnanS . starvalion € Intense exercise .

® Tt is an enerqy Consuming process .

® Glluconeogenesis [s almost the reversible pa}hwuy of Glyclysis
but not the exact reversol of glyalysss.

LocaTion OF (MLUCONEOGENESIS

Gluconeogenesis takes plae In cytosol and mitachondnia of
O Liver

@) kfdne\f ( Renal Cortex)

MAd0R SuBsTRATES / Non CARBOHYDRATES FOR (LUCONEOGENESIS
® Pyruvate
¢ lactate
& (ilycerol
® Gilucogentc Amino Acida
® Intermediates of TCA cycle
e Prpionate
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PYRUVATE |

1 ( Pyruuate (orboxylase)

OXALOACETATE
PEP  (arboxykKiaag

: | PHOSPHOENOLPYRUVATE

|

2 - PHOSPHOGLYCERATE

I Phosphoglycerate Mutage

@ 3 - PHOSPHOGILYCE RATE
|
1,3 - BISPHOSPHOGILYCERATE

(2NADH) I
DHAP | = (ILYCERALDEHYDE 3- PHOSPHATE

1

Fructose 1.6 - BISPHOSPHATE

1

FRUCTOSE - € - PHOSPHATE

|

(1LuCoSE - 6 - PHOSPHATE.

1

GILUCOSE |

0
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MA10R EvenTs OF GILUCONEQGENESIS
® Pyrovate s first nverted into Oxaloacelate n the Presence.

of Pyrvate carboxylase.
® Oxalaacetate after that converted Into Phosphaenclpyruvate i
the presence of Phnsphnenﬂlpyrwaic ( PEP) (arboxykinase .

® Fructose 1,6 Bisphate s (onverted info Frudose € - Phasphate

in the preence of Frudose 1,6- Biphosphatuse .
® (rlucose 6 - Phasphate s ﬁ“nulh, converted Into  Gilucose  In

the presence of Glucose € - Phosphatage.

S1GNIFICANCE  OF  (TLUCONEQ GENESIS

e When (urbohydrmte 1s not auailable n sufficient amount from
diet , Giluconengenesis foflls the requiment of  body for
Qluccse € maintains  homeostasis .

® During prolong Faa.ﬁnﬂ , €xcessive exercise and stuvation |, when
Qlycogen  stores  also  gets exhawsted , Glluconeogenesis  starts
ond fufil enerqy requirment  OF body.

® Some tssves ke bmun , RBCs , lens , kidney medullg, festes
needs (oninvous  Supply of energy that fs fulfilled by
Gnumneogenesis

e Tt maitains blood glucose level when required.
® Tt is used to clear mefabolic products of olher Hssues from

blood such 08 Lactate , Gilycerol etc.
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| HARMONAL ReEGuLATION OF Bloop GLucose L |

e Reguluh‘on of blood- glucusz leve] s very r'mpor‘fcm} for mmhtm‘m‘m

Homeostasis .
® The normal fange of blood glumse level 15 approx 30 mgfc!l-'

110 mgl d
® The blood glucose level above normal s temed as Hyperglyemia

® The blood qlucose level abeve permel 4 below nomal s

termed as  Hypoglycemia.
® The Dblood- qlucse ( Blood - suqar) level s moinfouned by

hatmones  secreted by pancreas.

ReEGULATORY HARMONES
e Fndocsine tssues of pancreas known as TIslets of Langerhans

ontains 3 mgjor ’rqpes of cells -

® o (Alpha) Cells *  Secretes Glucagon
@ B (Beta) (ells *  Secetes Insulin
® 8 (Delta) Cells -  Secreles Somotostahn

o Now @]um’qon and TInsvlin are two rng{m hammones  Secreted
by o € B (ells of poncreas fequlates the Blood- Glucose

leve! .
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I INSULIN |

o T is sareled by B cells of pancreat.

® It decreoses the blood - glucese level.

® Secietion Of insulin s depends upon blood - glucese level
- Blood- Glucose level T —  Insulin  Secelion *

- Blood- Gluwose level & — TInsulin  Secretion ¢

® Along with Insulin  One more hamone s Secreted by B ek
@lled  Amylin.

| GiLucAGoN |

o Tt is secieted by & cells of pancrea .
o Tt increases the blood- gluase level .

e Pancreasr. (elease glucagon when @ncentrabion of qlucose In blood
Talls too low.

® Gilucagon Converted the  Gilycogen into Gluese that |s Stored
in liver € Trelease them into the blood Stream

Low Blood High Blod £
Giluase Gilucose. ﬁ
¥ Fancreas ¥ -

Releases Gﬂumﬂan \kk’a&-s Tnsulin
Liver Releases 4'/ (:8) Fat cells foke
@ fom blood @ rom blood
\_. B ‘—/
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DiIABETES L‘leu.rrus |

Olabetes Mellitus s dehned a8 o condiion in which bodif

doesn't produce enough Ihsulin or didn't fespond to insulin
nonnalh, that leads to incrense in  blood- Qlucose Cblood -

Sggar) level abnormally  high.

Types Of Diabetes Mellitus
It is of mainly two fypes °
© Type- 1 Diabetes
@ Type- 2 Diabetes

Type 1 DiABETES

o Fardier it woz known 08 Insulin Dependent Diabetes.
o Tt ocws dve to destrudion of B- @lls of pancrent due

fo avtoimmune disorders .
o Tt leads to deficieney of insulin that leads fo Increase In

Blood- (lucose level .

Type 2 DIABETES
e Fadier 1t was known 0% MNon- insulin dlependent  cliabetes .
® Tt ors Wwhen the cells does not respond to  fnsulin

Pmpe'tﬂq :
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SyMpTOMS
o Presence of glucose (n Udine
® Tncreased thirst
® Tncrease In Frequq of urinakion
® Extreme Hunger .
® Falique € Headache
® Unknown Weight loss
® Blurred Vision

TREATMENT

There Is no any  permanent reatment of diabetes , once it
oaurs it can only be @nirolled by vanovs methods -

e Diet (ontrol

o Physical Achivity

® Healthy Lifestyle

® Insulin  Therapy
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| BiowoGicar  OxioaTioN I

e In Chemistry , Loss of electrong 1S termed oA
Gain of eledong 1s fermed aa

® The phenomenan of oxidakion - feduchion IS olso applied to
biological system , temed as Biological Oxidation.

® In simple words Bt‘ologfml oxidation Involves transfer of
electons {hmggh oxidahon - reducdion weaclon to produce energy
in the fom of ATP.

® Electron TransPor% Chain and  Oxidative Phosphorylation  dre
the major events of biological oxidation.

| ELECTRON TRANSPORT CHAIN |

o Tt is the final s+ep of Aerobic !E’spimhbn

Tt is alsoc known a8 °Eledron Transport System °

e Tt ocurs In the inner membrane of Mitochondrq .,

® Electron Transport Chain IS a  Senes of protein  Complexes
that (nvolves transfer of eletrong from  Low Redox Fotential
(ompounds fo High Redox Potentiol compounds that Uth‘mafdy
leads {0 fomokon of ATP.
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CompLEXES OF ELECTRON TRANSPORT CHAIN

There are mainly 4 Complexes Of Electron Transport Chain -
* (omplex I
® Complex T
® (omplex TIL
® (omplex TV

Tuner MEMBRANE
Qurer MEMBRANE

M1TOCHONDRIA

(120, + 2e- + Pl |

¥ ®Rx Phan{l’lz@ducation —




CompPrLEX - T

e Tt I1s also known o0& MNADH (6-6 Oxdoreduciase 0T
NADH DChqdmgenaze

® Tt wntaink FMN ( Flawoprotein ) with Fe-S (iron sulfer clusters)

o Tt tmnsfer eledrons from NADH to (0-8 vio FMN € Fe-S.

® 4 protons are  pumped from majnx fo intermembrane space
Using energy feleased by transfer of electrons |

Comprex -IL

® Tt is also known ag Succinate (0- & Oxidoreducdase  Of
Suctinate Dehqdrogena&e.

o Tt (ontains FAD € Fe-S cludlers

® Tt tronsfer eledrons, from FADH2 to (0b-& using Fe-S clusters .

® No proton s pumped in complex -IT Os it doesn't produce
Sufficient  energy .

CompLEx -0

Tt Is also known as (0-&Hz Cytochiome C Oxdoreductase
or  Cytochrome feductase or (ytochrome  bey complex.

o Tt c(ontaing, Cytochrome b , cytochrome G+ € Fe-S clusters .

Tt fokes eletronz flom (-6 € tander to ytochrome C
usina (ylochrome b, &+ € Fe-S.

® 4 proteng Qre pumped In complex -IIL.
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CompLex I

e Ttis also known ax cytochrome C oxidase or simply
(ytochrome £ oxidage .

e Tt containg (ytochrome 0 € cytochrome Qs

® Tt fakes ePledrong from cytochrome C € tronsfes to Oxygen
Molecule Yo form  HaO

® 2 prtong are pumped In (omplex - I

o formolion of H20 : TIn complex Ox fokes e- € onverted into Ha0
+ 02 + e + 2H' — HO

Redox Potential 0f Vanoua Cbmpanmts Involved in ETC

® NADH . “03V

e FMN : -012V 'é’-
* (06 . to-0uv x
e (ytochrome b : + 003V Z
® (ytochrome (4 . t0-23V =
® (ytochrome C . to-2sv E‘
® (ytochrome Q t0-23V g
® (Ytochrome Qs . tossv Z
o (), - to-g2v 'L

NOTE | : Election tronsters from Llow Redox Fotenticl @mponent
fowarde  Nigh redox potential component .
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ngloﬂmve pHOSOHORVLATIONﬂI

e Tt is the final s’rep in  which ﬁhcﬂly enerqy 1s synthesized
n e form of ATP fiom NADH £ FADHa molecules .

® Tt is the process in which  ADP s phosphorylated to ATP
Using the enerqy released In electron transpost chaun.

® (xidative Phosphorylation starts after the electon dransport Chain
or we cn gay it is coupled with ETC. for ATP synthesis . .

® The complex X named ATP synthase is the mojor site for
oxidative Phospmmhh'on.

® The proess Oaurg In Mitochondnia.

MeaaNSM OF OXIDATIVE PHOSPHORYLATION

There are Vamous hypothesis Qiven fo explain the mechanism
of oxidahve phospherylation but among all of them , the
Chemiosmotic  Hypothesis s widely aaepted given  below

CHeMiosMoTic  HYPOTHESIS

e This hypothesis Is proposed by fetes Michell in 1953
® \uhen electrons are transported through ETC then protons CHY)
ate oo pumped fiom motnx to intermembrane space that

?enewles a proton  Qradrent .

o (omplex ¥ vses his proton  qracient as enerqy Rource for the
&\ nthesis  oF  ATP

® A totl of 10 profons pumpec into the intermembrane gpace
thot retume. Dack into he matnx Via ATP synthage . beawse
Membrone  becomes  impermiable for Ht € this leads to Ahe
phosphorylation of ADP into ATP . hennd
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P.0 RATIO

e The Plo rohior fefers to the amount OF ATP produced ffom
movement of 9e- through the eledron Aronsport chain

o For NADH : F/0 Ralor = 2.5 AtP

® For FADHa * P[0 Raho 1S ATp
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