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OBJECTIVES

By the end of this lecture, the Second Year

students will be able to:

* Identify the types and sources of vitamin K

*  Understand the role of vitamin K in blood coagulation

* Recognize the importance of g-carboxylation of
glutamic acid in coagulation proteins

* Understand the role of anticoagulant drugs in affecting
vitamin K function

* Discuss the causes and disorders of vitamin K

deficiency




Lecture overview

Types, Chemistry

Prothrombin and blood

- clotting factors
Deficiency and

disorders

Synthesis of gamma-
carboxyglutamate in

Osteocalcin
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- Types and sources

Occurs in

several forms

Vitamin K,
(Phylloquinone)

Vitamin K,
(Menaquinone)

-

Vitamin K,
(Menadione) —
synthetic form

J

CH,
N

HaC

Chemistry

CHs
NS

CHs
N

CH,
NS

Vitamin K, (M enaquinone)

o

oy

H3C

CHj

(0]

0  Vitamin K; (Menadione)

Dietary sources

Cabbage, kale, spinach, egg yolk, liver

Cabbage

Menadione doesn’t have chains like vit. K1 |

and k2 , hence it’s water soluble to be
supplementary type . So, when we take it
we can add the chain in our bodies .



_Sources of Vitamin K

Sources

Phylloguinone

Menaquinone

Menadione

Green leafy
vegetables

Plant source

Intestinal bacteria

synthetic form .

precursor of
menaquinone

—1 plants which
differs from its
role in animals

It plays a role in
photosynthesis in

Intestinal bacterial synthesis meets the
— daily requirement of vitamin K even
without dietary supplement

A
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~RDA for Vitamin K (micro g/day)

Upper limit is not established
because toxicity is rare , although
it might happens and it’s
mentioned at the end of this
lecture ..

Infant (O-
1 year): 2-
2.5

|

I

UL: Not Children :
established ﬁ (1-8): 30-55 :
I

|

Note that pregnancy and lactation
does not affect the RDA of
vitamin K

Pregnancy
/ lactation: O

90 / 90

Women
(19+): 90




_Functions of Vitamin K:

L)

L)

* Coenzyme for the synthesis of prothrombin and blood

When clotting factors which are
proteins are synthesized in the
liver they are not active yet ..

|
|
clotting factors in the liver : |
|
1
i |
! They have to be activated by
|
| |
I 1
: |
| |
|

. Prothrombin and clotting factors are protein in nature
. Synthesis of prothrombin, clotting factors II, VII, IX, X .
Y P & carboxylation and the

carboxylation step needs vit K as a

: co-factor to complete it
residue L oo ;

require carboxylation of their glutamic acid (Glu)

The carboxylation happens at
glutamic acid residues since its
one of the amino acids the
already have carboxylic acid side

1
. Mature prothrombin and clotting factors contain y- : :
: !
1 1
1 1
1 1
1 1
! chain .. So the other COO-is |
: !
1 1
1 1
1 1
1 1
1 1
1 1

carboxyglutamate (Gla) after carboxylation reaction
 Vitamin K is essential for the carboxylase enzyme

involved added during the interaction that

is mediated by carboxylase
enzyme and that is required for
activation of clotting factors

. Dihydroquinone form of vitamin K is essential for this

reaction

A
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Glutamic residue

COO~ - _
00C COO
|
| 1 N /3
CH, Glutamate CH  y-Carboxy-
| | glutamate
CH2 CH2
[— o)
Adds carboxylic acid group
OH 6 O
. Vitamin K Vitamin K
O
ACtggt\}/if?(rm Oe - hydroquinone epoxide o
OH O

Block the

activation of Vit K X-S2

V

/|

1
Dicumarol

N

Warfarin -competitive inhibitors of reductase

X-(SH)2

Figure 28.7. Function of Vitamin K.
Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.

Z 5 3 e Uin

Konali JISiY
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ey 31 5 oS
e e luin Al
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Vit K work as a co-factor for
carboxylase converts no.1
into no.3

6: If Vit Kis in it’s epoxide
form and can’t get back to
it’s dihydroquinone form(4)

that leads to decrease
clotting factors and increase
prothrombin time

Quinone form “epoxide” is
not active so even vit K
needs to get activated by
being reduced again into
dihydroquinone “active
form” with the help of the
enzyme reductase

Carboxylase enzyme is also
called epoxidase since it turn
vit k to epoxide form



_Analogs of Vitamin K

Here vit K can’t get back to it’s
Dihydroquinone form and that
leads to decrease clotting factors
and increase prothrombin time
So they work at the reduction
step ..

» Anticoagulant drugs: warfarin and dicoumarol

v" Structural analogs of vitamin K
» They inhibit the activation of vitamin K to

hydorguinone form (inhibiting the reductase

enzyme) Actually the reduction of epoxide
form occurs by two steps but we
only mentioned the one that can
be inhibited by warfarin
dicumarol .. Hence if warfarin
overdose is administered that will
block only one pathway so if we
want to reverse the action we
need to give high doses of vit K to
let the other pathway work and

complete the cycle ..

carboxylated
» Hence blood coagulation time increases upon

» Prothrombin and clotting factors are not i
injury (Increasing the coagulation time) :

A
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B Glutamate

v' Carboxylation of glutamate requires vitamin K
v" The process is inhibited by warfarin

This diagram shows that he process
of converting glutamic acid residue
into gamma-carboxy-glutamate
needs oxygen, carbon dioxide and vit
k while it get inhibited by warfarin as
mentioned before

Polypeptide
H

MM N -

Precursors of
clotting factors
I, VII, IX, X
CH—C vwwwwAas
CH, O
CH, Glutamyl residue
COO

N\

FYV VYV Vitamin K

{IIIIIIIIIIIIIIIIII-

Mature clotting

factors
H 11, VII, IX, X
APASP A N—{;:H—rl_'l: VAAAAAA
G2 O Y-Carb
arboxy-
/Pt'\\ glutamyl

coo- coo- | (Gla)residue

A

BIOCHEMISTRY TEAM 436



Functions of vitamin K

Prothrombin — platelet interaction

/Carboxylated prothrombin contains tvh

carboxylate groups (COO-)

* These groups bind to Ca2+ forming
prothrombin-calcium complex

 The complex then binds to phosholipids
(Making a bridge) on the surface of
platelets (important for blood clotting)

e Converting prothrombin to thrombin

\and initiating clot formation /

Prothrombin — platelet interaction

Membrane phospholipids 1A AAAA AR
of p&hlm
= M\!(MVW,}N:,.
Cndes’ Ca?*  cat
“00C 060_0(;0 060’
HaN'*
eTiae - v :
Mature
LIVER BLOOD I, VI, IX, X

DU S Jaidy 5 S et J8 AU a3l 5 ) geally A JSGLA G
Lo 2y Uin () L AU (3 (Cpvag g 50) Cupali gl S 53 IS Lalal canals i) Jgmy g
a5l ra o (5 g s aall LN S all alday 1) Balinall JSLL) (538 juad
Caana L3l Cn g Salaa o€ (g g onie A Sasa) Ll g0 IS alainly
() Al) baliall) e e 33 5n e ) (58l ga () shasi yu W o suuallSU |
a3l Jaasy Gliie |

I

Prothrombin > Thrombin > Clot formation



Functions of vitamin K

Synthesis of y-carboxyglutamate in osteocalcin

% Osteocalcin is a bone turnover protein |\ [-=--------------------- ,

Osteocalcin is another protein
* Also called Bone Gla Protein (BGP) that needs similar way of

|
|
|
|
: : carboxylation and it’s the major |
* Involved in bone formation, I
non-collagenous protein :
incorporated in bone matrix |

|

|

during bone formation

mineralization and resorption
» y-Carboxyglutamate is required for

osteocalcin binding to hydroxyapatite (a Exact function is unknown but

people who have less amounts

1

1

. . . I
calcium mineral) in the bone I
of carboxylated osteocalcin are |
1

1

1

1

e The binding mechanism is similar to that more prone to develop bone

of prothrombin-platelet binding g fractures

A
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) Deficiency of Vitamin K

Deficiencies are rare: it is
synthesized by intestinal
bacteria

Prolonged antibiotic
therapy

Especially in marginally
malnourished individuals
(eg debilitated geriatric
patients)

Hypoprothrombinemia:
increased blood
coagulation time

Some second-generation
cephalosporin drugs cause
this condition due to
warfarin-like effects
(antibiotics given with vit.
K)

May affect bone growth
and mineralization

Lipid malabsorption can
lead to vitamin K deficiency
Because absorption of dietary

vitamin K from your small intestine
depends on normal fat digestion

A
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) Deficiency of Vitamin K

Both of the above destroy
the bacterial flora leading
to vitamin K deficiency

New borns are more
susceptible to develop
deficiencies because
their intestine are

Gastrointestinal infections |
1
1
1
1
1
1
' sterile with no vit k
1
1
1
1
1
1
1
1
1
1

with diarrhea

producing bacteria
Some times that is
regulated by giving
intramuscular vit k

3. Supplements are given intramuscularly at birth , Injections

Deficiency most common in newborn infants
1. Newborns lack intestinal flora

2. Human milk can provide only 1/5th vitamin K

A
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Deficiency manifestation and toxicity

Manifestations

Hemorrhagic disease of the newborn

* Bruising tendency, ecchymotic patches
(bleeding underneath the skin) Purple
patches under the skin

Mucus membrane hemorrhage
Post-traumatic bleeding / internal bleeding

Prolonged prothrombin time

And also their bones get fractured easier than
vormal people “osteocalcin” /

1.
2.

\_

Toxicity

Prolonged supplementation of large doses of
menadione can cause:

It is occasionally used as a nutritional
supplement because of its vitamin K activity.)

Hemolytic anemia
Jaundice

Due to toxic effects on RBC membrane

/

A
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Take home messages

v Vitamin K is essential for blood coagulation process
v It mediates the process by y-carboxylation of glutamic acid

residues of prothrombin and coagulation factors

EEEEEEEEEEEEEEEEEEE



_Summcry:

r " " " Y 1
: Deficiencies®f¥Vitamink:

[ Typestbfi¥/itamini ] | Lipid@nalabsorption
} 2"d Gen@ephalosporins

| GlAnfections@vithdiarrhea

|
|
|
|
| | : Malnourisheddnd. usingBantibiotics :
|
|
I

~ | L
K1gPhylloguinone) ’ {KZEﬂMenaquinone) ] [ K3@Menadione) | Common@n@ntibioties |
J @ o —_—_——_——_———= '|
: Clinical@nanifestations:
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Vit hydroxyapatite. | - : i
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QUIZ

Q1 : What factors of Vit K are pro-coagulants ?
A 1, I1&X

B. Il, VI, IX, & X
C. IX,V&X
D. None of the above

Q2 : Which ONE of the following is synthetic form of Vit k ?
A. Menaquinone

B. Menadione

C. Phylloquinone

D. Dihydroquinone

Q3 : All factors and proteins in blood clotting are
synthesized in ?
A. Pancreas

B. Kidney
C. Liver
D. Spleen

Q4 : The form of vitamin K that is required for activation of
clotting factors is ?

A. Menaquinone

Menadione

Phylloquinone

Hydroquinone

O 0O w

5 : Vitamin K is synthesized in the body by ?
Kidney
Liver
Spleen
Intestinal bacteria

OO w>Oo

Q6 : What group of people need additional Vitamin K ?
A. Premature newborns

B. People with bile production abnormalities

C. Patients with urinary tract infections

D. BothAandB

A
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QUIZ

Q7 : Mention the dietary sources of Vitamin K ?

Q8 : Mention two conditions in which an individual is more
prone to be Vitamin K deficient ?

Q9 : Describe briefly the biological action of Vitamin K ?

Q10 : A patient came with liver cirrhosis and
they noticed an increase in prothrombin time. As
a prognosis do you suspect the patient to have
Vitamin K deficiency and why ?

Suggestions and
recommendations

1)B 2)B 3)C 4)D 5)D 6)D ‘J‘/M
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