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GENES AND ENZYMES
Historical: Garrod

1909: Sir Arclubald CGarred, an English physician, publhished a book entitled
“Inborm Errors of hetabalism”

One of the diseases Garrod descrobed was ALCAFPTONTURIA (=
ALKAPTOMUFRIA)

Alcaptonumna is inherited as a single gene defect; normals have at least one
domuinant allele and those affected are homezygous recesmive.
LEGEND: A_ = normal

aa = affected (alcaptonurich

Alcaptonuna is a rare disorder, but it 1= very easy to detect; it causes the unne to
turn black when exposed to air. Therea:emmenth&rz?mptunﬁalm as the
affected perzon ages there tend to be yellow depesits in the eye, and often there 1=
a darkenming and hardenmgnfcarhlagehmﬁ leading o an arthnts-hke
condibon. Even =o, 1t 1= not considered a wery serious or threateming dizeaze.

When urme from alcaptenurics was analyzed, 1t was found to contain a chemical
that was not present in normals. This compound, homogentisic acd,
(HA) 15 the substance that turns black when it 1z coadized.

Legend: A  =nommal
aa = affected {alcaptonuric! {accumulate and excrete HA)

Garrod proposed that the reason that normals do not acoumulate homogentizic
acid iz that they comwert it to another compound called maleylacetoacetic and,
and furthermore, he suggested that the reason they D:Iulddclinnasﬂ'latﬂwr

have an enzyme that i= pu==ing 1n alcaptonuna.
An enzyme is a protein that catalyzes a specific chemical reaction,

A pmteu' 1= & chamn of amine acids, and a catalyst is a substance that causes a
reaction to proceed without 1tself being used up or converted in the reaction

The names of enzymes usually end 1n ase 1e, FINaze breaks down FMNA,
proteases are useful in ngEEI:l-:nn bacause they breakdown proteins etc. The names
of the enzyme that 1= prezent in most people but lackang m alcaptonurncs 1=
hEIl]‘.u.'.IEEIl‘hSIl: and cradasze.

Thus we can rewnte the legend:

A = normal -- have HA oxidase

aa = affected (alcaptonuric) - lack HA oxidasze
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In ths case we see that the dominant allele corresponds to the presence of cne
specfic enzyme and that homozygous recezzive indriduals lack the enzyme,
directly Ieal:hngtu:l the associated phenotype.

When alcaptonurics are fed high protein diets, they excrete more HA. In
particular, the levels of two of the amino ands that are preszent in protein,
phenylalarune and tyrosine, seem to correlate to HA production.

This brnings us to a much more senous dizeaze called phenvlketonuria or PEU

FET 1= also inhented as a single gene recessive character. 1e
FEU/ = normal
pku/plu = atfected

It 1= rare, only about 1 in 11,000 hive irths 15 affected in the U3

In addifion to excretion of phenylketones in the unne, there 1= a much more
serious consequence of this disease. If left untreated, the average IQ of
homozygous receszives will be 171, 96% of untreated FEU patients have an IQ)
lezs than 30 and 64% have an IQ below 20. Again, the defect can be fraced to the
presence or absence of a aingle enzyme, but in thas case, the enzyme 1z usually
found only 1n the hiver. The enzyme phenylalanine hydrolase (@ Hase) 1=
required to comvert pheny. lalanine {phe) to tyrosine I:t'rr]- the first step In gething
nd of any excess that may be prezent in the blood. When excess phe accumulates,
it can be converted to phenylketones spontaneously, which are then found at
high levels in the urme. Whether the high levels in the bleod prevent access of
other eszenhal amine acids into the developing bramn cells, or intrerfere with a
pyruvate kanase required for energy in developing brain cells 1z a point of
contention. Im any case, the preblem develops very rapudly after barth of an
affected infant. Eefnrehlr&'n, the mother, who, at laast in the past, has always
been a FELT/ pku heterczygote, has the enzyme and her "Oltering system” lr.eepz
the level of phe at acceptable levels for normal prenatal develclpmenl_ Therzs1s a
much higher than normal level of phe in the infantz blocd at birth though, and
this has led to the development of a simple, accurate test whach 1= grven to all
babies very soon after barth. The test 1z called the Guthrie test. It consists of a
dried flter paper impregnated with bacteria (B. subfils) and a torac analogue of
phe called beta-thienylalanine. When a drop of blood that has lots of phe is
apphed, the bactenia can grow; otherwise they cannot. Blood samples taken soon
after birth are collected, and can be tested for a few cents each. Follow up
chemical tests are also needed, since in some cases, espedally for small babies,
since they tend to have a hugh level of phe that does not persist as it wall wath
FEU patients.

FROTEIN

F'“':’TQ“\ DIETARY PROTEIN /
R N

e i FCEXNERI 0903 fgenesl 3 flatrureSddoutiings MalscularigencsrSenz/lgane lenzyme. homl

SI1971E 5:535 PM

Fage 2 of 9



lgenelenzy me

PHENYLALAMNINE —= TYROSINE
DHase

v

Treatment possibilities: 1) you can't feed a patient the enzyme since they wall
d.IEEEt it, 2) you mntu'qect it simoe 1t will probably be recogmzed a=s afnre-l,gn
proten so will induce an immune response, and 3) 1t needs to funchon
speafically in the hiver to be effectve. 4) Distary control of the amount of phe
mge:l‘edal‘muldanddnesmmrk_ﬁﬂme 15 needed, since we nesd Fhe to make our

own proteins; but if just enough can be given that ittle accumulates, then there

will not be a problem. Of course there needs to be close momtonng, but 1t seems
to be quite EfEr:h'l.-E]f&I.E special diet i1z followed.

It 1z eshmated that 2 p::ltentlal I point= are lost for every week an infant goes
untreated! The treatment iz usually ended by age 6-8. By then, the brain iz well
developed, and hugh levels DfPl'I.EI!"[‘I. Ikstones do not seem to have 2 serious
effect Also, the dist 1= said to be very bland, and ence the child has tasted
“pizza’, 1t 15 virtually impeossible to go back to the diet. Some recent studies
show that performance on math tests etc. probably drops a bit, but not to the
drashic levels seen i untreated cases. There are now special diets for teens and
adults o the levels of phe can be maintzined all the way through adulthood if
desired.

Thiz cure has now been available for ome time, and there are pku /pku adulis
who are of reproductrve age. This 1= especally a problem for females, since they
do not have the enzyme, and even if a fetus they are carmying 1= hetemwgﬂus,ﬂ:
SNZymE will not functicn until too late. The frst several cazes led to death or
extreme mental retardabon m the mfants born to these mothers. I have heard
that some have been able to go back onto the diet in order to have babies m the
normal range, but 1t does appear to be arisk and few people have the willpower

to succeed.

FEU provides another example where a genetic defect can be absolutely
aszocated with the lack of a specfic enzyme in homeozygous receszive
mndividuals.

The pigment melanin 1= derived from tyrosine; at least two steps are required in
the comversicn. Lets assume that E1 and E2 are two different enzymes needed to
make melarin mn the pathway as shown:

il

PROTEIN PROTEIN

\_\\ DII:_‘I}F'.‘I' F'FtDTEI{ /

PHEMYLALANINE —-T\’RDEINE—I" [FDF'AE" MELAMIM

N2

Phenylketones
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