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Amino Acid Metabolism Disorders  
 
Any enzyme could have a deficiency or a genetic mutation which results in a disease. The 
general scheme for any enzyme deficiency that the reactant will accumulate & the 
products will get deficient (there will be lack), in this way we can understand the 
pathogenesis & the consequences of these disorders. let’s go in this now!   
 
There are many of these disease , about 50 of them are known most of them are rare but 
collectively they have a good portion of diseases in our life , usually they’re expressed in 
children because they’re genetic (pediatricians are the doctors who will face a lot of 

congenital diseases and genetic disorders, they’ll suffer from this    )  
In this lecture we’ll talk briefly about some of them ☺ .   
 

 
 

Phenylketonuria  
- the main consequence is that : 

1- phenylalanine will accumulate 2- tyrosine will be 
deficient because of : the deficiency in the enzyme 
phenylalanine hydroxylase. This enzyme requires the 
coenzyme tetrahydrobiopterin which is converted to 
dihydrobiopterin  and cycles again by the enzyme 
dihydrobiopterin reductase (same as tetrahydrofolate). 



Hyperphenylalaninemia is a critical problem in young kids (newborn) because : their 
blood brain barrier isn’t that complete and thus allows metabolites of phenylalanine and 
even the phenylalanine itself to come inside the CNS.  
- the idea isn’t the accumulation of phenylalanine (as an amino acid )  only but its unusual 
metabolites accordingly the body doesn’t know how to deal with them, so they will 
accumulate in large amounts inside cells affecting cellular functions  and the pathways in 
the cell are distrusted. 
This is why when these accumulations happen in the CNS the result will be intellectual 
disabilities and mental retardation by the age of 1 year unless it was discovered early at the 
time of birth and managed. 

 Management of the disease: through Diet by reducing phenylalanine and giving 
supplements for tyrosine  
 

Phenylketonuria doesn’t have the same pattern in all patients why? 
-Patients could have: complete or partial deficiency in the enzyme. Which means : they 
have different mutations in the gene of  phenylalanine hydroxylase. 
There could be many mutation in this gene, some cause complete block to the pathway 
others may cause partial block. The enzyme normally works at 100% efficiency. 
different mutation lead to different results, the efficiency may become 80%, 50% or 20% 
that’s why the patients vary with this disease. 
However they all have increased phenylalanine and decreased tyrosine  
-There is another cause for hyperphenylalaninemia which is that tetrahydrobiopterin as a 
coenzyme is deficient but it’s not very serious. The other more important reason is 
deficiency in the enzyme dihydrobiopterin reductase so it  doesn’t allow dihydrobiopterin 
to cycle again to tetrahydrobiopterin which more serious and it’s also a genetic problem 
with no solution. All genetic problems can’t be fixed but  we can control & manage the 
disease  

                            
 
 
 
 
 
 
 
 

 

- In Jordan: they measure phenylalanine hydroxylase deficiency ( measuring the level of 
the enzyme)  at birth by : taking blood sample from the heel of the baby, the phenylalanine 
levels in blood are normal until the digestion of protein in milk, we can’t take the sample 
immediately after birth , we need to wait at least 48 hrs so as we can detect if the 
phenylalanine is elevated or not. So in Jordan we inspect phenylketonuria. 

- In USA : all states there inspect phenylketonuria and they measure for about 20 amino 
acid metabolic disorders for all newborns . 



 
- The disease is named phenylketonuria because there are 
phenylketons as products which are increasing in the 
concentration, as you can see in the figure phenylalanine is 
normally converted to tyrosine which have many pathways 
to go through. While in phenylketonuria phenylalanine is 
converted to phenylpyruvate ( a phenylketon as the name 
of the disease ). Phenylpyruvate can also be converted to 
other metabolites like phenylacetate & phenyllacetate, 
cells don’t know how to deal with these substances 
because usually they’re very low in concentration.  
Moreover as it’s named phenylketon ”uria” which implies 
that in the urine the concentration of ketones will increase. 
This gives the urine a special odor called Mousy odor or 
Musty odor  (researchers who frequently work with mice 
are very familiar with this odor)  
about the curve :   
- With age the IQ results decrease because of mental 
retardation  
- The decrease is very sharp at first (IQ decreased from 100 to 70 in about a month) in a 
very early age  
 
When we have a deficiency in tyrosine, one of the tyrosine metabolites is: melanin . 
 It will get reduced so this may cause: 
  1) albinism, fair hair, light skin color and blue eyes  
  2) a main reason for skin cancer ( because melanin protects us from UV ) 
 

- Maternal phenylketonuria syndrome :  
Already a mother has phenylketonuria and she became 
pregnant (of course she had controlled the disease so  
that she was able to be pregnant), she was diagnosed in  
her childhood and she managed it through diet. If the  
disease wasn’t controlled, the pregnancy will be  
Teratogenic (microcephaly & congenital heart  
Abnormality ). 
Prior to conception it’s really important to  
Control phenylalanine and tyrosine levels to avoid any 
Congenital problems on the baby. 
 
- For a person who is controlling his phenylketonuria 
and having a good diet , everything will be fine. 
But if he stopped the diet at any time, his health will 
be affected and the IQ will decrease as in the next 
figure (note that it’s after years of discontinuing the 

Albinism isn’t a disease by itself , it’s a 

group of disorders  as if we’re 

describing  the patient’s outer look but 

the cause of albinism varies, it could be 

phenylketonuria or phenylalanine 

hydroxylase deficiency  

- even if a baby was born with 

phenylketonuria, it needs time to 

develop albinism he/she will not be 

born with the white marks on his body  



diet and that we are talking about adults not kids ) 1 year of discontinuation reduced IQ to 
95, after 2 years it’s approximately the same, after 3 years it’s 90 and it keeps going down & 
down. These changes are dramatic even though they’re happening after adulthood. 
 The point here is that whether  there’s a blood brain barrier or not, this determines the 
amount of phenylalanine and its metabolites that will get in the CNS and accordingly the 
amount of damage . 
 
If a mother had phenylketonuria and she was pregnant, will her baby get the disease? 
Not necessarily, the most important thing is to manage the disease in the mother in order 
to avoid congenital disorders in the baby.                                                                 [23:25]   
 

 Maple Syrup urine disease  
 
- What’s maple ? (  شجرالقيقب ) 
 as you can see in the next pictures, this 
tree secretes a liquid with a sweet taste 
and a very special smell. It’s collected 
through making a hole in the stem of the 
tree. 
 
This disease is named “maple syrup” because the urine of the 
patient has the same special smell of maple as a result of high 
concentration of Isoleucine in the urine and isoleucine has the 
same odor of maple. 
There’s an important thing to know about isoleucine: it’s a 
branched chain amino acid. 
The patients with this disease have a problem with the enzyme 
BCKD (branched chain α-ketoacid dehydrogenase).  
Normally branched chain amino acids BCAA  are converted to their corresponding branched 
chain α-ketoacids that are substrates to the enzyme BCKD. If the enzyme is deficient, then 
its substrates will increase in concentration, accordingly their amino acids will also increase. 
So the BCAA are high in concentration and their corresponding ketoacids are high in 
concentration.  
 
-This disease if not treated is fatal and if the treatment is delayed, intellectual disabilities 
will happen & IQ will decrease (same as other amino acid metabolism disorders). 
-We should do screening & diagnosis, it’s a manageable disease and of course the 
management will be through diet by lowering intake of BCAA. 
The test is also done by taking blood sample of the heel 
of the baby (where there’s vascularization). 
 

Albinism : 



- It’s a group of conditions, not a single disorder, resulted from deficiency in tyrosine 
metabolism, because on of the metabolites of tyrosine is Melanin, 
and low melanin is expressed in this disease. 
- The cause is deficiency in any enzyme related to tyrosine metabolism. 
 
- The inheritance could be autosomal recessive (primary mode) or  autosomal dominant  
or X-linked, this gives albinism different forms.  
 
- There’re many types of albinism one of them is type 1 albinism with total absence of 
pigment (tyrosinase-negative oculocutaneous albinism = in eyes & skin ), results from an 
absent or defective copper-requiring tyrosinase. 
( After phenylalanine is converted to tyrosine by the enzyme phenylalanine hydroxylase, 
another enzyme, Tyrosinase, further hydroxylates tyrosine which becomes 
dihydroxyphenylalanine or as named Dopa. So the deficiency in tyrosinase leads to 
albinism, this enzyme is copper dependent and lack of copper may lead to loss of 
pigmentation, but this is an acquired problem and can be solved by copper supplements ☺) 
 
- Hypopigmentation, vision defects, photophobia and 
increased risk for skin cancer could be associated with 
albinism.                                                                                                         
[29:08]  
 

Homocystinuria 
- Homocysteine is an intermediate of methionine 
metabolism, if it increases it will make vascular 
diseases, could be converted to methionine in a minor 
pathway into methionine and methionine will also 
increase. 
- patients with homocystinuria have high concentration of homocysteine in urine and 
blood, also methionine levels will be high in the blood, but cysteine level will be very low.  
 
- There are many reasons for homocystinuria according to what enzyme is deficient and in 
which pathway, the  most common cause is  cystathionine ß-synthase deficiency , the 
enzyme that converts homocysteine to cystathionine by combining homocysteine with 
serine (we discussed this in previous lectures) . The deficiency in the enzyme is variable 
(according to the mutation) 
 
- these patients are at a higher risk of cardiovascular problems and thrombi (the major 
cause of early death) 
-  Managing the disease with vitamin B12 and folate is very effective; because they help in 
the degradation of homocysteine back to methionine. Some patients also benefit from 
vitamin B6 , because the in reaction between homocysteine & methionine PLP  is required 
so if there’s partial deficiency in the enzyme, supplementation of the coenzyme may help. 
Here it’s a mild form of the disease when the coenzyme supplementation will help. 



  
- Another cause is deficiencies in methyl cobalamin or methyltetrahydrofulate reductase 
(MTHFR) which disrupts the route of homocysteine to methionine and results in elevated 
homocysteine .But  the levels are lower because this is the minor pathway compared to the 
major one. 
 

 Alkaptonuria 
- It’s a rare disease remarked by increased homogentisic acid 
concentration with deficiency in the enzyme homogentisic acid  
oxidase, so accumulation of HA (homogentisic acid) lead to high 
concentrations in urine. 
- It’s diagnosed through the color of urine, because high amounts 
of homogentisic acid in urine can be oxidized in the presence of 
oxygen and light, the color of urine isn’t yellow it will be red and 
get darker in color with time . 
- The homogentisic acid will also precipitate within the vertebrae 
which gives very dark pigments  as appears in the figure. This is 
another way to diagnose it.  
-Symptoms: homogentisic aciduria (oxidized to a dark pigment), 
early onset of arthritis in the large joints, and deposition of black 
pigment (ochronosis) in cartilage and collagenous tissue 

 
   
- Deficiencies in fumarylacetoacetate 
hydrolase, result in tyrosinemia type I and 
it’s characterized by cabbage-like odor of 
urine. 
 In this pathway, the last metabolite 
fumarylacetoacetate before giving 
fumarate & acetoacetate (metabolites of 
tyrosine) we have the enzyme 

fumarylacetoacetate hydroxylase that hydrolyzes them, if this enzyme is deficient it results 
in tyrosinemia type 1 with building up of the intermediate and increased tyrosine. Because 
of accumulation of fumarylacetoacetate we get a cabbage-like odor of urine.            [36:06]  
 

 

Amino Acid Conversion to Specialized Products  
 
We studied about the amino acids pool in blood and how they’re used to build proteins or 
degrade the carbon skeleton to get other metabolites related to ketone bodies or glucose 
and glycogen, glycine by itself can be broken and get CO2 & water. We also have nitrogen 
containing compounds that we can synthesize  from nitrogen of amino acids , these 



compounds are : Porphyrins, Neurotransmitters, hormones, purines, and pyrimidines and 
nitric oxide. We will talk about them simply in this lecture. Mainly we’ll focus on porphyrin. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Porphyrin:  
- cyclic planar organic part of the heme group ( heme: organometallic and the metallic part 
is Iron usually Fe2+ or ferric Fe3+) 
- porphyrin as a ring is synthesized in the body , but we can’t synthesize iron because it’s a 
metal which must be obtained from outside. In order to reduce our reliance on the outer 
environment and the continuous need for iron our body conserves and recycles iron 
continuously with ferritin & haptoglobin which binds free hemoglobin (because it’s an 
intracellular compound and can’t be found freely)  in the blood to prevent releasing iron 
and preserve it.  
 

Porphyrin Metabolism 
We said that porphyrin is a ring , if we put iron on it, it will become Heme. If we put cobalt, 
it will become cobalamin which is vitamin B12. If we put magnesium, it will be chlorophyll. 
What we care about from all these ring structures is the heme structure (relevant to us as 
humans). 
 Heme has Fe2+  (has much higher affinity to hemoglobin than Fe3+ ) coordinated to 4 rings 
each called Pyrrole ring  , these rings are connected to each other to make a larger ring 
called protoporphyrin 9 , ligated with iron in the center. 
Heme is a prosthetic group ( means if we remove it from the protein, its structure is 
destroyed)  works as a co-protein. We can find it in hemoglobin (the most important place 
where heme is found in high concentrations), myoglobin, cyt c,  complexes 3,4 in the 
inner mitochondrial membrane and the enzymes CYP450 that are mono-oxygenases  exist 
in the liver mainly and catalyze reaction to break substances we get from outside ( like 
drugs), also we can find heme in the enzyme catalase that breaks H2O2 into water using 
heme in its active site, nitric oxide synthase and peroxidase all use heme in their reactions.      
Usually the process of degradation & synthesis of hemoproteins is rapid 66––77 g is 
synthesized per day to replace lost heme. Synthesis and degradation of the associated 



porphyrins and recycling of the iron are coordinated with the turnover hemeproteins (to 
maintain the appropriate amounts of each).                                                                       [57:35] 

Structure of Porphyrin  
- Cyclic; planar; linking four pyrrole rings through rings through methenyl bridges. 
 

-  Side chains: 
The side chains that are represented by 
A & P, they can be any thing , here we 
have acetate (2C)& propionate(3C) as 
examples. 
- types of porphyrins :  
1. Uroporphyrin: acetate (--CHCH22––
COOCOO––) and propionate                    
(-CH2CH2COO––) 
2. Coproporphyrin: : methyl (--CH3) and 
propionate.  

3. Protoporphyrin IX  (heme b): vinyl (--CH=CH2), methyl and propionate 
 (the most important one, found in heme which is relevant to us as humans). The 
alternation of A & P in this type  here is symmetrical but then it flips at ring D, it’s very 
special.   
The distribution of side chains could be organized in a special order on each pyrrole ring     
(A,B,C,D)  or the distribution could be different . 
 
- Some structures are called Porphyrinogens are important in the metabolism of heme  
1. Porphyrin precursors ( as the suffix gen means)  
2. Exist in a chemically reduced, colorless form 
3.  Serve as intermediates between (PBG) and the oxidized, colored protoporphyrins in 
heme biosynthesis  
 

Heme biosynthesis 

It occurs in all tissues because they need antioxidants, however they produce small 
amounts of heme only. The main sites of heme biosynthesis are :  

1) Liver  
- the major site for heme synthesis where detoxification takes place.  
-Heme proteins (CYP). 
-Highly variable in terms of amount of synthesis that varies depending on the demand.  



2) Erythrocyte-producing cells of the bone marrow  
HB (the main source of heme synthesis is bone marrow, because we always produce 
hemoglobin for RBCs)  

     Relatively constant (rate of globin synthesis) 
     85% of all heme synthesis  

3) Mitochondria: the initial reaction happens in mitochondria, then the process 
continues in the cytosol and finally we go back to the mitochondria for the last three 
steps. 

Note that: mature RBCs can’t synthesis the heme because they lack the nucleus & don’t 
have organelles. 

 
Let’s talk about the steps of Heme biosynthesis in details:  
 

1) δ -Aminolaevulinic formation (ALA):  
We begin by reacting a TCA cycle intermediate (succinyl coA) 
& an amino acid metabolite (the Glycine), it happens in the 
mitochondria, it’s a condensation reaction where we 
combine the reactants to get δ -Aminolaevulinic acid. 
- Carbons of succinyl CoA are the same we only removed 
CoA, while for glycine we removed the carboxylic group and 
connected the carbon & nitrogen. 
- This reaction needs energy to do condensation, we get 
energy from releasing CoA & decarboxylation. 
- The enzyme is called Aminolaevulinic acid Synthase (ALAS)  
With 2 isoforms, ALAS-1 in all tissues and mainly the liver 
but ALAS-2 is found in red blood cells. So we have differences in synthesis & regulation 
between these 2 sites , in the liver it’s a highly variable process but in red blood cells it’s in a 
fixed manner.  
-this is the rate limiting and the most important step in  
heme synthesis. 
- Loss of function mutations in ALAS2 result in X-linked  
sideroblastic anemia and iron overload 
- Any enzyme in heme synthesis that works with help of Zinc, 
Lead is a reversable inhibitor for it, so this step is affected by 
Lead which has higher affinity than zinc. 
- reduced heme (Fe2+) becomes hemin when oxidized (Fe3+) works in 3 ways to control 
this step : 1. transcriptional repressor (inactivator) for the gene of ALAS-1 and decrease the 
enzyme and its activity.  
Even the 2.mRNA is degraded faster to decrease ALAS-1. 
 Also the 3. import of the enzyme into the mitochondria (where it works) will decrease.  
* Note that ALAS-2 is less affected by hemin and depends on amount of intracellular iron 
(because it will be used in hemoglobin in the cell, not in other proteins) 
- Drugs effect on ALA synthase: CYP450 mono-oxygenase system in the liver is responsible 
for detoxification & drugs metabolism, they’re hemoprotein oxidases and when we 

Synthase Vs. Synthetase  
Both require energy, if the 
source is ATP it’s synthetase 
and if it’s any other source the 
name is synthase  



synthesize them we consume heme in liver >> it’s 
decreased >> Heme synthesis is activated >> ALAS-1 is 
increased.                                                                                                                             
[1:15:50]  
 

2) Porphobilinogen formation (PBG): 
- a condensation of 2 ALA molecules producing an 
intermediate looks like pyrrole ring , it’s Porphobilinogen 
(PBG) a reduced, colorless porphyrogen.  
- the enzyme ALA dehydratase that removes 2 water 
molecules . 
- zinc requiring enzyme could be inhibited by lead, in lead 
poisoning we expect higher ALA and lower heme, thus 
there will be  anemia. 
 

3) Uroporphyrinogen formation: 
 
 - 4 of the porphobilinogen will condensate together 
producing a linear molecule called hydroxymethylbilane. 
Then this linear molecule will go through isomerization to 
form the cyclic molecule Uroporphyrinogen 3 a reduced, 
colorless molecule (3 to remember we’re talking about 
group 3 of porphyrinogens). 
- the enzymes are hydroxymethylbilane synthase & 
uroporphyrinogen 3 synthase, respectively.  
- It’s the first cyclic molecule in these steps  
 

4)  Decarboxylation of acetate groups: 
- side chains on this structure are acetate & propionate. 
The side chains in heme B or protoporphyrin 9 are vinyl, 
methyl and propionate so we need to convert acetate & 
propionate into these 3 chains. 
- decarboxylation of acetate means that each acetate group 
will lose a CO2, the enzyme is uroporphyrinogen 3 
decarboxylase. The product is coprophyrinogen 3  
- Acetate groups became methyl (see pic. 3 ), we now need 
2 vinyl groups & 2 propionate groups which means we will 
convert 2 of the 4 propionate groups into vinyl by 
decarboxylation and then oxidation (to get a double bond)  
So this reaction is called oxidative decarboxylation. 
- the reaction occurs in cytosol.  
 

5) Heme formation : (in the mitochondria again ^^) 
- the coproporphyrinogen 3 undergo the oxidative decarboxylation, the enzyme 
Coproporphyrinogen 3 Oxidase, in the mitochondria.  



- the product is protoporphyrinogen 
9 (4 methyl, 2 vinyl on the top and 2 
propionate on the bottom) it’s still a 
precursor and a reduced molecule, 
so we need oxidation by taking off 
hydrogens from the center of the 
ring (introducing double bonds) the 
product is protoporphyrin 9 , the 
enzyme protoporphyrinogen 
 oxidase . 

6) Fe2+ added to produce heme:  
- Spontaneously with no enzyme, 
however if there’s an enzyme it will 
happen faster  
- Rate enhanced by the enzyme  
ferrochelatase enhances addition of 
Fe2+ into the structure of the heme, 
removing hydrogen & ligating iron 
- the enzyme could also be affected by lead. 
 
[1:29:00]  
 

Porphyrias ( Greek for purple) 
 
- It’s rare group of inherited disease  (autosomal dominant or autosomal recessive or 
sometimes acquired) 
-Deficiency in heme synthesis at any level of the pathway which 
results in accumulation of the reactants & decrease in the 
products, so the whole mark of this disease is lower heme 
synthesis. 
- Each porphyria results in the accumulation of a unique pattern 
of intermediates caused by the deficiency of an enzyme in the 
heme synthetic pathway (pathophysiology is related to this issue )  
- Classification: Erythropoietic or hepatic 
We have  1.Chronic hepatic porphyria  2. Acute hepatic porphyria 3. Chronic erythropoietic 
porphyria   (not important to know all details about them)  
✓ all types have skin blusters, in all types light may contribute in this because it makes 

oxygen radicals and oxygen is reduced int superoxide    
- clinical onset usually takes time to appear, why ??  
Heme production occurs in bone marrow ~ 85% and in liver ~15% , because only 15% in 
liver it needs time for the disease to build up in your body and most of heme synthesis ( in 
bone marrow ) isn’t affected. Except for Chronic erythropoietic porphyria which appears in 
young children, because it targets heme synthesis in bone marrow and liver can’t 
compensate. 



The difference between Erythropoietic & hepatic is time of onsets, but both have the same 
cutaneous & urinary expression.   
 
In Acute hepatic porphyria, the symptoms can be precipitated or accumulated and we can 
detect them by using certain drugs barbiturates and ethanol, why? 
Because it’s inducible through drugs, for example ethanol is toxic and liver needs to 
metabolize them >> CYP450 activity is increased >> heme demand increases >> cells are 
induced to synthesize more heme & if there’s a problem it will be detected.  
 
- In all porphyrias with hepatic origin, there’s an increase in ALAS-1 (because the product is 
low in concentration, there’s no hemin & no inhibition for the ALAS-1).    
 
 Generally we have a color of urine near to purple (red with blue that results from different 
metabolites), we know that this deficiency leads to unusual metabolites, reactive oxygen 
species  and random oxidation of O2 gives the superoxide which is very dangerous to 
destroy anything , if the membranes are defective especially 
in the phagocytes >> hydrolases and acidic enzymes will go 
out & destroy more and more substances >> one expression 
of this state which we can see is disruption on the skin  as 
blusters  also the urine has a different color according to 
accumulation of metabolites. ( the normal color is on the left 
of the pic.)  
 
- Prior to tetrapyrroles the clinical manifestations are Abdominal and neuropsychiatric 
signs. But Accumulation of tetrapyrroles results in Photosensitivity (pruritus), Oxidation of 
colorless porphyrinogens to colored porphyrins that participates in formation of superoxide 
and radicals. 
 

Treatment :  
- in the acute conditions the patients are provided with medical support (analgesia, anti-
emetic) 
- Intravenous injection of hemin and glucose reduces (ALAS-1 synthesis) => glucose is 
responsible for the conjugation of the degradation of heme, excess glucose increases 
degradation of heme and reduces the symptoms. 
- Protection from sunlight 
–Ingestion of ß-carotene (radical scavenger as an antioxidant molecule)  
–Phlebotomy (draining the intravenous blood with increased levels of metabolites to 
reduce patient’s symptoms )  
 

Heme degradation 
- 85% of degraded heme comes from RBCs ( cause 85% are synthesized in them), 15% from 
liver & other tissues. 
- starts with hemo-oxygenase enzyme that oxygenates the heme, requires molecular 
oxygen and NADPH.  



- insertion of oxygen provides electrons to open the ring , once it opened the molecule is  
Biliverdin green in color, then in a consecutive reaction through the enzyme biliverdin 
reductase with use of NADPH produces the Bilirubin red 
in color. 
- Bilirubin and derivatives collectively termed: bile 
pigments, bruise changing colors   
(if you were hit on your arm, you’ll notice changes in 
colors from red to blue to green and more blue, then it 
becomes pink in color. These changes result from 
reaction on heme) 
- bilirubin is an antioxidant (to stabilize radicals by taking 
or giving electrons), so bilirubin can be converted back to 
biliverdin through the enzyme biliverdin reductase using 
NADP+. 
 

 
 
 

 
 ﴿فَاصبِر ِلُحكِم َرب َِك َوال تَُكن َكصاِحِب الحوِت إِذ نادى َوُهَو َمكظوٌم﴾ 
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