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Heme & Heme function
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* Heme 1s produced by the combination of iron with a porphyrin ring o2V, 5l ( Heme) e Moo
* Chlorophyll, the photosynthetic green pigment i ptants 1%um-porphyrin complex
I‘t has the ability to reflect ﬂc colour

* Myoglobin -

* Cytochromes in ETC [ Str u.Ctures )/__:{ &S 9O
* Peroxidase ( SiJLC)\w'ﬂ)JL lp,_—_-c-’

e (atalase

* Heme is present n:

* Hemoglobin

. Ni/t\r]'c oxide synthase

* Hemoglobin is a conjugated protein having heme as the prosthetic group and the protein, the globin



Porphyrins contain four pyrrole rings (A, B, C, |
and D) joined through methenyl bridges.

> A and P are reversed inring D |
AVE 4 of uroporphyrin Il compared

with uroporphyrin I. Only type

Il (asymmetric) porphyrins

are physiologically important
in humans.

Porphyrins contain side chains
attached to each of the four
pyrrole rings. In type |
porphyrins, the side chains are
arranged symmetrically, that is,
| for uroporphyrin |, A (acetate)
| alternates with P (propionate)
around the tetrapyrrole ring.

Uroporphyrin | e — Uroporphyrin lli

* Acetate groups )LOH

, \/ﬁ\ methine bridges =CH—
* Propionate groups -
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Structure

e Side chains: Different porphyrins vary in the nature of the side chains attached to each of
the four pyrrole rings.

1. Uroporphyrin contains acctate (~CH2-COO-) and propionate (FCH2-CH2-COO-) side

chains.

2. Copropotphyrin contains methyl (—CH3) and propionate groups.

TyPe ) of Protoporphynin
3. rotoporphyrin@zd heme b, the most common heme) contains vinyl (—CH=CH2),
methyl, and propionate groups.
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Structure

* Side chain distribution: The side chains of porphyrins can be ordered around the
tetrapyrrole nucleus in four different ways, designated by Roman numerals I to IV.

* Only type III porphyrins, which contain an asymmetric substitution on ring D, are
physiologically important in humans.
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5 o Porphyrinogens: These porphytin precursors (for example, uroporphyrinogen) exist in

a chemically reduced, colorless form and serve as intermediates between
porphobilinogen (PBG) and the 0X1dlzed colored protoporphyrins in heme

biosynthesis. (/2'_ s —C J~)~D @oloufjess ,_Iag,-.__.), L@J)
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BIOSYNTHESIS OF HEME

* Heme can be synthesized by almost all the tissues in the body

* Most active in bone marrow (85%) and liver.

-

. L |
* Heme is not synthesized in the matured erythrocytes. Joss of nucleus

ond Cellular Orqane)les

* The pathway is partly cytoplasmic and partly mitochondrial.



Step 1: ALLA synthesis

* The synthesis starts with the condensation of succinyl CoA and
glycine in the presence of pyridoxal phosphate to form delta
amino levulinic acid (ALA).

(cofacter) PIP & |5} Saztee—

* Hence anemia may be manifested in pyridoxal deficiency.

* The enzyme is located in the mitochondria and is
the rate-limiting enzyme of the pathway.



Step 1: ALA synthesis

]_ in mitochondria

— —
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SteP 2: Formation of PBG
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Next few reactions occur in the cytoplasm. i

Two molecules of ALA are condensed to form porphobilinogen SAminolevalimic it tiitay

(PB G). P(o d wC fp d-Aminolevulinic (Two molecules
acid dehydratase condense)
cytosolic enzyme

(cyt yme) 2 Ho0
: . Lead rsuwsumus> Q
The condensation involves removal of 2 molecules of water and the ¥ oo
1 [
enzyme 1s ALA dehydratase. COO™ CH,

Porphobilinogen is a monopyrrole.

(‘-/)A;LA(L-,E, . G

The enzyme contains zinc and 1s inhibited by lead.
Porphobilinogen

(HemguLaAA (22 Grom) 5 4 nocSn(Pyrrolering Yas stes acl ( Structur ) N %



Step 3: Formation of UPG

Porphobilinogen

(Four molecules

Hydroxymethyl- condense)

Condensation of 4 molecules of the PBG = formation of the bilane synthase
first porphyrin of the pathway, namely uroporphyrinogen (UPG). 4 NHg

L. : . .
eB 5D < #R (‘“1'“ l"“3<|"'Je){_/I-Iydroxymethylbilane
Condensation of PBG produces a linear tetrapyrrole; hydroxy G i ——

methyl bilane (HMB) synthase isomerization)

* The enzyme for this reaction is

*  HMB molecule will cyclize and isomerize to form uroporphyrinogen I11 b
“0O0C-CH,-CH, CH,-COO™
“O0C-CH, CH,-CH,-COO
HMB is converted to uroporphyrinogen III by the enzyme,
“O0C-CH; CH,-COO™
~O0C-CH5 CH5 CH,-CH,-COO™

During this deamination reaction 4 molecules of ammonia are Lropatphyfinadenil

removed. (a.ccfai‘c y Pfo'?iona.t¢> PPN q,'r/{;QJ
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Step 4: Synthesis of CPG 4 CHzeoon [ e
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* The UPG-III is next converted to coproporphyrinogen
(CPG-III) by decarboxylation. K g

r Pr
Uroporphyrinogen ll|
(DeCafboxilah'on) 4¢
o
z o # 4 CO,
r CH3

P

* Four molecules of CO, are eliminated by
uroporphyrinogen III decarboxylase.

Lch} CHy— Pr

* The acetate groups (CH,—~COOH) are decarboxylated to

methyl (CH;) groups. CH; CH;y

|
Pr Pr

Coproporphyrinogen Il
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Step 5: Synthesis of PPG
Cvins ) Sy 5 e (PPS )G (C PGB )J 2 1w
<

CopPre Porphyrinogen OXidase
* Further metabolism takes place in the mitochondria. Molecular oxy gen 3 92

* CPG i1s oxidized to protoporphyrinogen (PPG-III) by coproporphyrinogen oxidase.

* This enzyme specifically acts only on type III series, and not on type I series.

* Two propionic acid side chains are oxidatively decarboxylated to vinyl groups.

* This reaction requires molecular oxygen.



Step 5: Synthesis of PPG

Vinyl group

Protoporphyrinogen Coproporphyrinogen ||



(6) In mtochondrie

Step 6: Generation of PP

* The Protoporphyrinogen-III is oxidized by the enzyme
protoporphyrinogen oxidase to proto-porphyrin-III (PP-11T)
in the mitochondria.

* The oxidation requires molecular oxygen.

* The methylene bridges (—CH,) are oxidized to methine bridges
(—-CH=) and colored porphyrins are formed.




Step 6: Generation of PP

Protoporphyrinogen (C olour less )
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(7) in mitochondrio
Step 7: Generation of Heme

The last step in the formation of heme is the attachment of ferrous iron to the protoporphyrin.
o The enzyme is ferrochelatase (heme synthase) which is also located in mitochondria.

A

Iron atom is coordinately linked with 5 nitrogen atoms (4 nitrogen of pyrrole rings of proto- —/&
porphyrin and 1st nitrogen atom of a histidine residue of globin).

ces/(NS)..-n-—'w: oY L las a\)L )\3/

The remaining valency of iron atom is satisfied with water or oxygen atom.

Heme ..;AJ)J

When the ferrous iron (Fe™™ ) in heme gets oxidized to ferric (Fe+++) form, hematin is formed,
which loses the property of carrying the oxygen. —(exigenated)ts Vs o

o Heme is red in color, but hematin is dark brown. () ap) a5l _,97< b mahn H )
CD HCnu: with ferric ( Hemeatin )



Step 7: Generation of Heme

Protoporphyrin



| Glycine + Succinyl CoA
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Regulation of Heme Synthesis

ro-te I,'mi-[-,'nj, step @6}&+ive feed bach) oo CALA )5 (Heme )esic 2 o ¢

* ALA synthase is key rate limiting enzyme.

: poisoning and inhibit its activity.

* Excess heme in BM is converted to hematin by oxidation of Fe2+ to Fe3+.—  ~ LS+ .05

* ALA synthase is also allosterically inhibited by hematin. FSALA ) 5

Alelo)
@53 o35 (ALA synthes) si( Heme )g‘t,_;?_ SRPO) s
* ALA synthase 1s activated by hypoxia due to increase in er}@pgiqin_ /
~ e

* ALA synthase is also activated by availability of intracellular iron.



Regulation of Heme Synthesis

ontibiotkic
INH (Isonicotinic acid hydrazide) that decreases the availability of pyridoxal
( P

hosphate may also affect heme synthests. o
(ALA synthase ) M Jd5 smais ( Paridoxal phosphate) fom. g‘uf)-og_}—; Y SCinhibi tion) Lo,
Sl
* Drugs like barbiturates induce heme synthesis. Barbiturates require the heme
containing cytochrome P450 for their metabolism.

* Out of the total heme synthesized, two thirds are used for cytochrome P450
production.




Porphyrias
pLD}:J 1 Seoge

* Group of disease associated with abnormalities in the biosynthesis of heme.
* Characterized by accumulation and excretion of porphyrins or porphyrin precursors.

* Most inherited porphyrias are autosomal dominant except one.



TABLE 21.2: Features of important types of porphyrias
Type Enzyme defect yheritance

Acute intermittent Aytosomal

porphyria (AIP) deminant
the most common

' Congedital erythro- Autbsomal
porphyria recefsive
Porphyria m"s"e'z‘,lﬁ’ Autosgnhial
cutanea tardaz’ 2 °t  (enz 4) dominant
Hereditary copro- CPGHIl-oxidase ... Autogomal
porphyria (enzyme 5) «—<e3> donfinant
Hereditary proto- Heme synthase Afitosomal
porphyria or Ferrochelatase gdominant
(enzyme 7)

. ...
( Jond) o Lakiim "") High cellular concentration of glucose prevents
125 %) o M2 "1 induction of ALA synthase. This is the basis of

administration of glucose to relieve the acute attack of
porphyrias

PO'(Pk_q rin fing/ is Colowred

Other salient features

Excretion in urine

Most common porphyfria

(1 in 10 Q00). Hepati¢ porphyria
Abdomingl and neyrological
manifestations. N photosensitivity

Marked photpsgnsitivity. Erythrodontia
Incidence, rary

Second mogt cdmmon; incidence
1 in 25,000.. Photpsensitivity (Fig. 21.9B)

—UP and CP excreted Symptonjis similar ¥ AIP; but milder
in urine and feces Photosgnsitivity is also seen

— Colored urine
Neither porphyrins Protogorphyrin increasedlin plasma,
NOT Precursors are RBCs and feces. RBCs show fluorescence

excreted in urine

PBG = Porphobilinogen; CP = Coproporphyrin; ALA =delta amino levulinic acid; UP = uroporphyrins. (Enzyme numbers are given as shown in Figure 21.9)
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Need tocConserve Succynal Cof from Crebs Cycle to Heme synthesa se
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