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VITAMIN B6 & B12

Color index:

= |mportant

= Extra explanation
= Lippincott’s notes

“ALWAYS DO YOUR BEST. WHAT YOU PLANT NOW, YOU WILL HARVEST LATER.”

Check this link before studying to know if there is any corrections in the teamwork
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https://docs.google.com/spreadsheets/d/1-pvyrKsAL_CQ7zV19Nn-Wa97Tjclg6epnTbf10bWU4w/edit?usp=drive_web

By the end of this lecture the Second Year students
will be able to:

* Understand the types and functions of vitamins
B6 and B12

* Recognize the role of these vitamins In
maintaining the myelin sheath of nerves and their
function

 Discuss the consequences of vitamin B6 and B12
deficiency that can lead to nerve degeneration
and irreversible neurological damage
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l Vitamins '
| : .
Water-soluble Fat-soluble '
. Vitamin A (retinol, [i-carotenes)

— Vitamin D (cholecalciferol)

= Vitamin K (phylloquinones, menaquinones)
‘ Non-B-Complex ' B-Complex L Vitamin E (tocop )
Ascorbic acid (vitamin C) | ]
Energy-releasing ' Hematopoietic ' Other

. Thiamine (vitamin B,) . Folic acid . Pyridoxine (vitamin Bg)

— Riboflavin (vitamin B;) | Vitamin B,, . Pyridoxal
- Niacin (vitamin B,) . Pyridoxamine
. Biotin

. Pantothenic acid
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() ocremisvrrean Water Soluble Vitamins

Types of Vitamin B : Characteristics of B complex: PO
Thiamin (B,), riboflavin (B,), niacin (B;), pantothenic acid UNUSLA
(B), pyridoxine (Bél,_biotin (B,), cobalamin (31_21, Folate. ' Ito get
The eight vitamins B types together ( and folic acid) are ' toxicity.
called : B complex.
Function: A

They function as coenzymes.

' Most Vitamins in vitamin B complex act as precursors for

' coenzymes (involved with enzymes that catalyze the

' reactions involved in energy synthesis).

-There are two types of enzymes: holoenzyme and

. apoenzyme.

' -What are coenzymes? .
Holoenzyme: some enzymes require a non protein part to
' become active, this part can either be a cofactor or a '
' coenzyme.

' -The coenzyme is bound transiently (not permanent) with

' the enzyme.

________________________________________________________________________________________

Help in
various

biochemical
processes in
cell
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Vitamin B6

Pyridoxine. From plants. As coenzyme for:
Pyridoxal. From animal e Transamination
proteins such as eggs e Deamination

and meat. e All 3 are converted to * Decarboxylation

A LTIl id | ph hat e Condensation reactions
source as pyridoxal. Fgl.rlli’)oxa LR ULELES

\ Functions

' -Transamination :the amino group is being transported from one molecule to another.
-Deamination is the removal of the amino group from a molecule.

' -Decarboxylation :is the removal of CO2 from a molecule.

-Condensation reactions of two molecules combining together to form a third molecule.

Vitamin B6



https://youtu.be/9kho3UMCY0I
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CHoOH """""""""""":

i | o Apor [ OH = alcohol |
. Note that the red structures, they show the i
| Hoe N\

. difference between the 4 forms of vitamin B6.
' They differ only in the nature of the functional | Pyridoxine
. group attached to the ring. |

Pyridoxal
CHO (l?
HO AN CH0—P—0"
|
O_
V4
HyC N
Pyridoxal phosphate

Figure 28.11. Structures of vitamin B,

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.
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' *|n this image we find some of the important roles which pyridoxal

Glycogen

\ plays in metabolic reactions: G

' *glycogen is giving you glucose phosphate and then finally giving you ﬂ
pyruvate . | T .

. So glycogenolysis and finally entering Kreps cycle. : Pymfte "

. The transamination reactions are involved in both the synthesis and | L

' breakdown of amino acids because they are reversible reactions, these | LNV
reactions are also involved in energy synthesis because the resulting

. molecules enter Kreps. K\ e
. *In order to form neurotransmitters ,decarboxylation must occur. 5 @ s

' Glycine and succinyl coA join to form aminoluvilinic acid which then ot

. forms heme. b

\ *What is the principle concept for the test used to diagnose for B6 St
deficiency ? ju

' When tryptophan is degraded it gives you ammonium and carbon o .

. dioxide and energy, but this reaction needs vitamin B6 to occur. TR

' This reaction actually makes the basis of the test used to check for $
 vitamin B6 deficiency. ‘b‘
So if vitamin b6 is deficient you will have a build up of a molecule I

. called xanthurenic acid, this molecule is found (accumulated) in the | . N:ﬁ,c%

. blood of the patients who have vitamin B6 deficiency. .
Note that at the beginning of the test you give the patient tryptophan Figure 28.12. Some important metabolic roles of pyridoxal phosphate.

i (t ocC h ec k |f xant h uren | e ElE | d W| | | accumu | ate or n Ot) ) i Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.
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Condensation Reaction
Formation of ALA by ALA

synthase, The regulatory step in

hemoglobin synthesis

CoO™
CHy
(I)H2~COO' Cle
NH 3+ O =C- COA
Glycine Succinyl CoA
§-Aminolevulinate e HEMIN
synthase Heme
CoA
CO,
Goo®
CH,
|
CH,
o
T
I NH;* . P
d-Aminolevulinic acid (ALA)

Note that this reaction requires
i glycine and succynyl CoA to join

together.

Decarboxylation Reaction:

Formation of Histamine

-

=z

i

' H,N—C— COOH
H

Histidine

Decarboxylase
CO,

)

N~ SN
L]

s
H,N—CH,

Histamine

Important note: The
decarboxylation of histidine
yields histamine.

Decarboxylation Reaction:
Formation of Serotonin

CH,CHCOO™
R
N +

H
Tryptophan

Tetrahydro- 0,
biopterin

Dihydro- Hydroxylase
biopterin
+ H 20

ophan
CO, 4 Decarboxylase
HO@ CHchZNHZ
N
H

Serotonin

Important note: the
decarboxylation of tryptophan
yields serotonin.
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Decarboxylation Reaction:

Formation of Catecholamines: Dopamine, norepinephrine and epinephrine

\ Note :Tyrosine is the

POPA- parent compound here
O @CH&HCOO‘ decarboxylase > CH,CH,NH, ,then it gets
7! :i NH, X +0p ' decarboxylated into
HO b Do 05 HO % dopamine which is then
bk:ptd:h bw$ 3 v"mm*\!' Dopamine cohvertec.j into
ooy Dopamis | eplnephrlne.and
B-hydroxylase | norepinephrine
OHH H Phenylethanolamine- OHH ' So if there is a
C'C'Ni ’ N'm“w' g'g-NHz m . deficiency is vitamin B6
" HH /\ s + Ho0 ,the catecholamine
OH OH ' synthesis will decrease
Epinephrine S-Adenosyl Norepinephrine | or stop

' Alanine transfers its amino

\ group to alpha keto glutarate

" which then turns into .
glutamate (catalyzed by alanine
. transaminase which needs PLP) :
' What is left from alanine?

| pyruvate

Transamination Reaction

ALT

Alanine
iy Y

aKG Glutamate

Pyruvate

' The transfer of amino groups is

' important when a nonessential

\ amino acid (alanine) is converted

' into an essential amino acid

' (pyruvate). |
. *Essential Amino Acids: are those |
that can’t be synthesized by the

\ body so we must get it in the diet.

435 Biochemistry Team
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Vitamin B6

It is rare, but it is observedin:
Dietary deficiency 1- Newborn infants fed on formulas low in Bé.
2- Women on oral contraceptives (deall gia g,

3-Alcoholics.

— : *Alcohol and oral contraceptives will inferferes with
Medication side effect absorption of Vitamin Bé.

Isoniazid treatment for tuberculosis (by pyridoxine)
can lead to vitamin Bé deficiency by forming
inactive derivative with PLP.

MUOSINEICL I | Basically isoniazid forms a complex with pyridoxal phosphate (this
. complex is an inactive derivative).

' Which leads to depleted levels of B6(PLP) in the blood.
. Hence vitamin B6 is given to patients being treated for TB with isoniazid.
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Causing:

Dietary deficiency

2- Deficient lipid metabolism.

Deficiency leads to poor activity of PLP-dependent enzymes

1- Deficient amino acid metabolism.

3- Deficient neurotransmitter synthesis:

Serotonin, epinephrine, norepinephrine and gamma amino

butyric acid “GABA”.

Medication side effect

significant toxicity.

* Mild deficiency leads
to:
1- Irritability
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Demyelination &

: 2- Nervousness
neurogenic symptoms

3- Depression

* PLP is involved in the synthesis of sphingolipids so Its
deficiency leads to demyelination of nerves and
consequent peripheral neuritis .

Pyridoxine is the only water-soluble vitamin with

* Severe deficiency leads to:

1- Peripheral neuropathy
(sensory neuropathy),occurs at
intakes above 500 mg/day.

2-Convulsions

435 Biochemistry Team




L Vitamin B12

___________________________________________

Forms of

| *Note that cobalamin is the
. only hydrophilic vitamin stored

Vitamin B12 in the body while other

' hydrophilic vitamins are NOT!

Only lipid soluble are stored. !
- What is the circulatory form of
i cobalamin? methylcobalamin

Adenosylcobalamin

cyanOCObaIamin HYdroxyCObaIamin ( major Storage

form in the liver)

i Commercial form made in
factories (factories use bacteria |
to synthesize hydroxycobalamine
' and cyanocobalamine forms of

' vitamin B12).

____________________________________________

Methylcobalamin

( mostly found in
blood circulation )

\ 4

These two are coenzymes for metabolic reactions.
(the body can convert other cobalamins into
active coenzymes).

° Vitamin B12
435 Biochemistry Team


https://youtu.be/gdx6ADaw_lI

B Vitamin B12

In the center of the Corrin ring ,we have cobalt

. And cobalt can make six bonds.

' Four of the these bonds can attach to the nitrogen |
. found in the Corrin ring, and one is attached to the
 dimethylbenzimidazole, and the sixth bond : |
' If it is made with cyanide it is called

. cyanocobalamin. :
If a methyl group is attached ,its methylcobalamin.
. Or if adenosyl group is attached it is called

Cyanocobalamin §'Deoxyadenosylcobalamin

N
o0 |
H, |0
A AV
o

Methylcobalamin
CH3
I

. adenosylcobalamine.

' So the form of cobalamin changes according to : immethwbemimwazole'
' the change in the sixth group while the other 5 g‘o-g-o

. bonds remain the same i Bk o N
____________________________________________________________________________________ f

_________________________________________________________________________________________________________________________
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%) vitamin B, covatamine:
’ 12 onaiamine

Mainly found in animal liver bound to protein as:

— Methylcobalamin or
— 5’-deoxyadenosylcobalamin
* Essential for:

1.normal nervous system function

2.red blood cell maturation

*note that folic acid and vitamin B 12 are both required in
hematopoiesis .

Deficiency in B12 leads t megaloblastic marocytic anemia.

* Not synthesized in the body and must be supplied in the diet.
*So this vitamin is synthesized by bacteria either the bacteria found
in our gut(normal flora) or the bacteria in animals which we eat. It is
not present in plants AT ALL!!

¢ Binds to intrinsic factor(!) and absorbed by the ileum.
*If a condition in which GIT flora are decreased such as in people
taking antibiotics, vitamin B12 deficiency may occur
* it may also occur in older people because their stomach acidity is
decreased which impairs the absorption of vitamin B12

[Further information in the next slide]

(1)Intrinsic factor is a protein secreted by cells in the stomach.

MUCOSAL CELL .
IN ILEUM ’
am < (ream
LUMEN
OF GUT
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1.

*This slide was added hy doctor Sumhul®
* y H
What's new? R-protein.

Vitamin B*? is released from food in the acidic environment of
the stomach.

Free B'? then binds a glycoprotein (R-protein), and the complex
moves into the intestine.

B is released from the R-protein by pancreatic enzymes and
binds another glycoprotein, intrinsic factor (IF).

The cobalamine-IF complex travels through intestine and binds
to specific receptors on the surface of mucosal cell and,
subsequently, into the general circulation, where it is carried
by its binding protein (transcobalamine). B? is taken and
stored in the liver, primarily.

It is released into the bile and efficiently reabsorbed in the
ileum.

Severe malabsorption of vitamin B leads to pernicious
anemia.

This disease is most commonly a result of an autonomic
destruction of the gastric parietal cells that are responsible for
the synthesis of IF (lack of IF prevents B'? absorption)

[Note: Supplementation works even in the absence of IF
because approximately 1% of B'? uptake is by IF-independent
diffusion]

435 Biochemistry Team



¢ Liver stores vitamin i . A ood noeny PEE  hone)
B,, (4-5 mg), while other .Lonversion .
B vitamins are not of qot,_ Z.ConvferSIon
: HsC-C—H (o)
stored in the body. methylmalon &-con 3 o
¢ Vitamin B,, deficiency yl-CoA to Methylmalonyl CoA omoi‘ys eine
- - - . Gl R L.t t0 methionine.
|s_ob§er\{ed_ in patients succmyI-CoA. l« >oxyadends
with intrinsic factor (IF) coo- Methionine
deficiency due to The enzyme in e H
autoimmunity or by this pathway, e SUIEN

requires B, in
converting
homocysteine to
methionine

partial or total
gastrectomy

methyl-
malonyl-CoA
-Clinical deficiency mutase,

symptoms develop in requires B,,
several years. :

i Vitamin b12 is used in the breakdown of fatty acids methylmalonel coA is converted into succinyl CoA
by methyl malonyl CoA mutase which is actually vitamin B12 in the form of deoxy adenosyl cobalamine
' -note that all of these points are important!!!!

. -if there is a deficiency in vitamin B12 this will lead to accumulation of methylmalonyl coA

_ Storage @l Functions

; Homocysteine N°-Methy!-
tetrahydrofolate

b Vitamin B
Methionine 12
(Methyl-

synthase g
cobalamin)
Y

Tetrahydrofolate
Methionine

_______________________________________

. Note that this reaction |
' requires vitamin B12 in the
' form of methyl cobalamin
' If deficiency occurs there

.1 will be accumulation of

1 homocysteine which may
11 lead to spina bifida or

| heart defects

_______________________________________



D B, Deficiency And Folate Trap

* Homocysteine re-methylation reaction is the only pathway where N>-
methyl TH4 can be returned back to tetrahydrofolate pool

* Hence folate is trapped as N>-methyltetrahydrofolate (folate trap)

* This leads to folate deficiency and deficiency of other TH4 derivatives
(N>-N19 methylene TH4 and N° formyl TH4) required for purine and
pyrimidine syntheses

* THA4: Tetrahydrofolate

* Due to trapping of TH4 all of these reactions can’t go on.

' -The functional form of folate is tetrahydrofolate.

- other causes of folate deficiency: |
. Folate deficiency is either due to increased demand as in pregnancy or |
' due to impaired absorption. |

_____________________________________________________________________________________________________________________

' B12 deficiency can be determined by the level of methylmalonic acid in
' blood, which is elevated in individuals with low intake or decreased
" absorption of the vitamin

H
H

HzNT;“ N g
m\"JiNgi ’—<° >€-NH-(Gu),,

a - N
H

Tetrahydrofolate (THF)

Formate
+ THF -
N H
N Purines
i N’i:‘J>
O-C

=
N0 FormyLTHE

Histidine
+ THF 20

o

=N=

N°, N'0-Methenyl-THF
NADPH « H*
v
Serine NADP*
|dehyde
‘012“:
=
oy
H
XA
Y Ne— Thymidine
CHZ
N5, N10-Methylene-THF
NADH + H®
NAD*
H
N H
Ism‘ — SMethionine
N 'Ji

1
CH, H
NE-Methyl-THF
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. Further explaination:
When homocystein gets converted into methionine ,N5 methyl TH4 gets
. converted into tetrahydrofolate.

' How? methyl group from N5 methyl TH4 donates its methyl group hence it

' becomes tetrahydrofolate

While the methyl group combines with homocystein ,which yields
' methionine

This process is the only way to replenish tetrahydrofolate

So when there is deficiency of vitamin B12 we wont have replenishment of

 tetrahydrofolate

' So it is trapped in the form of N5 methyl TH4 (folate trap)=folate deficiency

This is the reason that when vitamin B12 deficiency develops ,folate
' deficiency also develops

So when you treat B12 deficiency you also have to give folate supplements.

Note that folic acid is involved in the synthesis of :
' purines,thymidine,methionine.

____________________________________________________________________________________________________________________________

B,, Deficiency And Folate Trap

H N
i 1N
N 110 9
Q H N -NH-{Glu),,

H
Tetrahydrofolate (THF)

Formate

+ THF
H
H
> Purines
H_ N

H
5
.o .
N‘o-Fom'lyl-T’:lF

Histidine
+ THF H0

H
N H
k\:> :[m
N -
I . N—
CH™
N5, N'0-Methenyl-THF

NADPH + H*
e
Serine NADP*
'l;:nn-
S5
H
X
o Jjo — >Thymidine
CH3
N5, N10-Methylene-THF
NADH + HT
NAD*
H
N H
T A Dwationine
N “1

1
CH, #
N5-Methyl-THF

Interconversion between TH4
carrier of “one-carbon units”
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Disorders of Vitamin

B,, Deficiency

Megaloblastic anemia (RBC can’t divide Myelin sheath of neurons is
because of no DNA synthesis so it keeps chemically unstable and o Peripheral nerve damage.

on growing). damaged.

Vitamin B,, deficiency is mainly due to Causes Neuropathy.
the deficiency of intrinsic factor.

Can be corrected with b12 supplements . Causes of neuropathy:

| *Deficiency of vitamin B, leads to accumulation of
‘| methylmalonyl CoA.

' Why demyelination occurs?
' If there is deficiency there will be accumulation of methyl - . : :
' malonyl coA then ->\//vhen the myeline sheath is being ’ | *High levels of methylomalonyl CoA is used instead
. synthesized- lots of fatty acids instead of getting methyl coA of ma!onvl CoA for fat’Fy acid synthesis.

. ,they will get methylmalonyl coA in their structure which will lead *Myelin synthesized with these abnormal fatty

' to an unstable form of myelin thus demyelination occurs. ‘| acids is unstable and degraded causing neuropathy.




D--—-  Symptoms of B12 deficiency

Depression

Reduced
perception
of vibration

and position

Confusion
and
memory
loss
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1-Vitamin b7 is also known as: 4-Which one of the following is NOT caused
A. Folate by vilamin B12 deficinency?

B. Biotin A. Megaloblastic anemia

C. Riboflavin B. Demylination

D. Pyrodoxine C. Convulsions

D. Neuropathy
2-The active form of vitamin Bé is:

A. Pyridoxine 5-Which one of the following vitamins is NOT
B. Pyridoxal fat soluble?
C. Pyridoxamine A. Vitamin A
D. PLP B. Vitamin B
C. Vitamin K
3-Which one of the following D. Vitamin D

symptoms is caused by severe
deficiency of vilamin B6?

A. lrritability

B. Depression

C. Convulsion

D. Nervousness 435 Biochemistry Team
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6-Vit B12 is mainly stored in liver in the form

of:

A. Adenosylcobalamin
B. Methylcobalamin
C. Cyanocobalamin
D. Phylloquinone

7-Vitamin Bé works as a coenzyme in the
formation of hemoglobin by which one of
the following reactions:

A. Transamination

B. Deamination

C. Decarboxylation

D. Condensation

8-Isoniazed causes deficiency of which
one of the following vitamins:

A. Bl

B. B2

C. B3

D. B6

9- Demyelination is Caused by:
A. Vitamin Bé deficiency

B. Vitamin B12 deficiency

C. Toxicity of Vitamin Bé

D. A+B

10-Which of the following is not a
characteristic of B Vitamins:

A. Noft significantly stored in the bodly.
B. Can be formed in the body

C. Excess is secreted

D. unusual to get toxicity.

435 Biochemistry Team
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+* Q1: What are the reactions in which vitamin B6 is a required coenzyme?Give an example for
each reaction.

Transamination: as in transforming alanine into pyruvate
Deamination: removing an amino group
Decarboxylation: as in the formation of catecholamines,histamines,seritonine.

Condensation reactions: formation of ALA by ALA synthase

+* Q2:A 23 year old patient is being treated for TB by the following antibiotics: isoniazid
,Rifampin,and ethambutol with pyrazinamide .

What is the necessary vitamin supplement that should be given to this patient?
Vitamin B6.

Why is this supplement necessary?

Because isoniazid forms inactive derivatives with PLP causing deficiency of B6.

435 Biochemistry Team
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+* Q3 : A 45 year old patient came to the ER complaining from paresthesia in his hands and
feet.An extensive history was taken from the patient which revealed that he has been suffering
from depression for the past 3 weeks. Upon examination patient displayed an absence of
reflexes.The doctor ordered a standard blood workup for the patient .
The results revealed that the patient is anemic with a vitamin b12 deficiency.

What is the type of anemia in this case?

Pernicious anemia (macrocytic megaloblastic anemia)

List other symptoms of vitamin B12 deficiency.

Ataxia,confusion,unsteady mood.

What is the cause of the patient’s paresthesia and loss of reflexes?

--neuropathy which is caused by accumulation of methylmalonyl CoA which leads to the synthesis of fatty acids
using this accumulated enzyme instead malonyl CoA. The use of methylmalonyl CoA leads to the formation of
unstable fatty acids that are degraded causing neuropathy. This neuropathy is manifested in this case by lose of
reflexes and paresthesia.

435 Biochemistry Team
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+* Q4:List some of the mild and severe manifestations of pyridoxine deficiency.

- In mild cases:

1-irritability

2-nervousness and depression.
- In severe cases:

1-Peripheral neuropathy

2-convulsions

435 Biochemistry Team
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