
METABOLISM 315A

PKU AND MI LD HYPERPHENYLALANINEMIA (MHP) IN SIBLINGS :t 1225 BIOCHEMICAL CHARACTERIZATI ON AND MOLECULAR RFLP ANAL.,
YSIS OF THE PHENYLALANINE HYDROXYLASE (PAR) GENE .

Fred D. Ledley , Ha r ve y L. Levy, Al an S . Li ds ky, Savio L.C . Woo.
Howard Hughes Medi ca l Inst i t ut e, Baylor Col l ege of Medic i ne,
Dept . of Cell Biology, Houston; Harvard Medical School, Dept s.
o f Neurol og y a nd Pediatrics, Chi l d r e n ' s Hospital, Bosto n .

Mutat ions in the PAR gene can ca us e e i the r c l a ssi cal phenylke 
t o nu r i a (PKU) o r MHP . The genet i c r e l ati onship between these
different f orms o f PAH defic i ency i s comp l ex . We report b i o 
chemical charact er i zati on and r estriction fragment l e ngth
polymor phism (RFLP) anal ys i s o f t he PAH gene us i ng cloned PAH
i n t wo f ami l i es i n which s ome s i bl ings have PKU and ot her s have
MHP . I n both famil i e s t he mot her has MHP and the f ather i s bio
chemically no rma l. The f irst fami ly ha s o ne chi ld wi th PKU, o ne
chi l d wi th MHP, and t wo no rma l c hi ldr en . The second f ami l y has
one chi ld wi t h PKU, t hree ch i ldr en wi t h MHP, and one normal
ch i ld . Haplot ype analys i s of the PAH gene us ing RFLPs demon
str a tes t ha t i n each fami l y one a l lele f r om the f ather segre
ga t es with a ll t he aff ected chi ldren (both PKU and MHP) whi l e
one of t he ma ternal al l e l es segr ega t es with PKU an d the ot her
with MHP . This an a l ysis i dentif ies seve r a l mut ant PAH a l leles
whi ch can ca use eit he r PKU o r MHP . These find i ngs de mon s trat e
t ha t, a t l ea s t i n t hes e f amil i e s , t here is extensive ov e r l ap
be t ween t hos e muta tions ca us i ng PKU a nd those caus i ng MHP. The
t wo di s t inct ly di f fe r ent clinical phenot ypes ref l ect the e f f ect s
o f pai rs o f mutant a l leles , pr e s umably repre s en t ing a va r i e t y of
d i fferent mut ation s , wh i ch t oget her ha ve d i stinctive biochemical
and pa t hophys i o l ogic a l cons equences .
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Dep a rtment of Ped i at ric s , Ind ianap ol i s .

Feta l and ma ternal sh eep wer e studied t o dete rmine whe ther
chan ges i n g l uconeogen i c en zyme a c tivi tie s co u l d be de tec ted
in t he l i ver an d/ o r kidney a s soc i a t ed wi th nu tr i tiona l depri
vation. Thi rteen ewes and 16 fet use s were sac r i f iced i n th e
f ed s t a te while 13 ewes wi th 17 f e tuse s wer e sa cr i f i ced a f t e r
fi ve da ys of fa s t i ng , all a t 125 days ges t a t io n ( t erm = 147
day s ) . Fet al we igh t wa s de creased i n th e fa s ted ver s us f ed
gr oup (2 . 86 .5 6 versus 3 . 61 . 58 kg, P <.001) . We i ght s of
f e t a l liver (6 6 + 16 ver su s 105 + 27 gm) , fet al kidney (9. 3 +
1. 9 ver su s 12. 4 1. 9 gm) and mat ern al kidney ( 74 . 9 + 8 . 3 ver
s us 88 . 0 9. 3 gm) we r e a l l signi fi c ant l y decreased f a st
i ng ( p < .001 ) . Ti s sues were an a lyzed f or g l ucos e-6- phos pha 
t as e (G-6-P), f ruc tos e- l ,6 -d ipho spha tas e (FDP) . g l u t amat e- ox
a l oa ce tate ami no t r ansfe r ase (GOT) ana g l u t ama te- pyruva te amino
tran s fera s e (CPT) . In both fe t us an d moth er , G- 6-P and FDP
we r e incre a s ed du r i ng f asting when meas ur ed pe r gm l i ver t i s
sue and pe r mg pro t e i n (p <. 00 1) . GOT and GPT wer e a lso i n
c r ea sed i n f e t a l l iver but n o t i n k i dney wi th f a sting . How
eve r , ac t ivi t ie s of t he en zymes pe r who l e fe ta l live r o r kid
ne y wer e no t di ffe r en t be tween f ed and f a s t ed s ta t es . The re
f ore, although gluc oneog eni c en zyme ac t i v i ties incre as ed in
r e l ative ac t iv i ty per uni t weight i n fe tal t i s s ue s du ring
f asting , t o t a l e nz yme ac t i vity i s unchanged due t o a decrea s e
i n l i ve r a nd k idney ma ss .
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of Pediat r i c s and Med ic i ne, I nd ianapo l i s.

Ac tivi t i e s of f i ve urea cyc l e enzymes we r e measur ed in
maternal and feta l she ep l i ver duri ng the no rma l f ed s t a t e and
f o l l owi ng five da ys o f f a s ting. Si x ewe s a nd 10 f etus e s were
s t ud i ed i n bo t h t he f ed a nd fa sted periods a t 132 days gesta
t i on ( t e rm = 147 days) f or l i ve r pr o t e in, DNA and enz yme
l eve l s. Res ults i nd i cat ed that pr otein a nd DNA con ten ts re
mained unc ha nged du r i ng fa s t i ng i n bo t h th e mater nal an d f eta l
liver. Fe t al liver wei ght wa s decr ea sed during f a st i ng fr om
108 23 t o 71 21 gm (mean SD). Fed s t ate feta l enzyme
l eve ls wer e a t 25- 50% of maternal va l ues per mg DNA and
50- 125% o f ma te r na l l eve l s per gm liver . Af t e r f asting , f ou r
of t he fi ve enzymes i ncrea s ed by 2. 3 t o sixfold ( per mg DNA)
in f etal l ive r ; only one enzyme (AS) i ncr eased s ign i fi can t l y
i n mat e r na l live r . Activ i t ies o f each en zyme pe r who l e fe t a l
live r ' gave similar re s u l ts .

Unit s pe r mg DNA
CPS OTC AS AL ARG

Fetal- f ed 25 1334 12 29 46281
Fe t a l - fasted 149 1885 53 67 137156

These dat a indicate th at t he i n vivo s tud i e s which demons trate
a doub l ing i n f e ta l ur ea pr odu c tion i n t h e fa s ted shee p i n
la t t e r ge s t at i on a re as so cia ted wi t h pa r all el i ncre a s e s i n t he
feta l hepat i c ac tiv i t ies o f seve r a l e nz ymes r es ponsib l e f or
ur ea sy n t hes i s .
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Glucose (oiu) levels are exceedingly low in th e ovine fetus and

the ungu lat e liver has little meas urable glucokinase. Nonethel ess, at
te rm , t he feta l (Fe t) sheep liver contains sign ificant glycogen stores.
Recent suggestio ns tha t in the ad ult may proceed through
the gluconeoge nle pathway led us to examine th e capac ity of lacta t e
(Lac) t o serve as a glycogenic precursor in t he chronically catheterized
Fet sheep. Six ovine fe t uses were prepared with aortic (Ao) and
inf er ior vena cava (IYC) ca theters. On day 5 post surgery, after a
maternal (Mat ) 48 hour fas t , a ste ady state Mat venous inf usion of
Glu was begun suf f ic ient t o raise Mat blood Glu fr om 19.4 +1.6 mg/dl
to 48.6+6 .2 mg/dl. A simu ltaneous infusion of 300 uC (U-:.14C) Lac
was adminis tered to t he Fet IYC ove r a 5 hour per iod to st ea dy st a te.
Six Fet Ao and Mat art . samples were obtai ned q 10 min dur ing th e
last 60 min of the infusion. The fetus and ewe wer e th en sa cr ificed
and liv er removed for de t er mina ti on of glycoge n and 14C glycogen
enrichment . Mini mal radiolabel was found in Mat blood or liver
glycogen. Fet blood levels were Lac 13.6+1. 3 rng/dl (SA 42+9
uc/mgxl03), fruc t ose 70.2+10.4 mg/dl (SA 1])+.2 uc / mgx l03), Glu
23.2+4. 3 mg/dl. No Lac -derived la belled Fet diu could be re liably
detec t ed. Fe t hepatic glycogen was 40.0+6.5 mg/g liver (SA 1.4+.5
uc/mgxl03). The SA of glycogen and absent Glu labellin g sugges t s
tha t Lac is a precursor of Fet glycogen through the glucon eogenic
pa th . This is t el eologi cally impor tant , since placental con version of
Mat Glu to Lac maintains higher levels of Lac in th e Fe t circulation
and see ms to be a means for Fet conse rva tion of ene rgy stores.

GEL ELECTROPHORETIC(GE) ANALYSIS Of PROTEINURIA IN
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cl I nica l l y s Ign i ficant prote inuria indicatea a poor r ena l

prognosis in IODM pstients. MicroslbuMi nuris presages worsening
prote inuria. Other techniques to evaluate proteinuria aay allow
sn esrlier prediction of nephropathy in tiae to use aggressive

to a l ter aorbidity. We analyzed the patterns of
protelnuria in 14 IDDM patients (coapar ed with 8 controls) by a
novel protocol uti l iz ing s pot ( r ando. , resting, s ingle vo i d )
urines. All pa t ients had < 1 ga/day proteinuria . Dia betic
patient charact eristics (diab indicea): ages 3- 24, duration
diabetes 1.5-16 yrs, aean HgbAlc( aHA )
current HgbAlc Spot urines were: obt ained
steri lely, mlcropore fi ltered, dialyzed. lyophylized. sWuibtJected
to sodiua dodecyl sulphate polyacrylaaide GE. atained h
Coomassie Blu e and then analyzed by an autoaatic gel
scanner/integrator. Peaks were grouped into the following
fractiona: nhigh aolecular weight(haw.>alb),
molecular we ight (law.<alb). The protei n to creatinine r atio
(pI c ) was also de terai ned for each speciaen. Fractiona l ratios
were obt a ined by mul t iplying ea ch by pIc yielding:
haw/c , alb Ic, l .w/c.

nor aals .12i .02 .Oli.003 . 06i.Ol .04i . Ol
P . 03 . 25 .07 .05

Total pIc and law/c are significantly increaaed in diabetics
with normal creatinine c l ear ances . Multiple regression analysis
was perforaed on the diabetic data; fractional ratios were
r egres s ed aga i nst all the diab indicas. Although none of t he
correlations r e ac he d statistica l there was a trend
t owar d higher f r actiona l rat ioa wlth lncreaslng age and aHA. The
ease of acquisition of spot ur ine sa.ples , the s ignificant
eleva t i on of pIc i n diabet i cs and the trends relat ing to glucose
cont rol .ekes further explorat ion with a larger . aore
heterogeneous sa.pIe appear pro.ising.
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Nie mann-Pick disease (NPD) is a heter ogene ous gr oup of dis
or ders usua lly des i gna t ed t ypes A-E. Each t ype is character ized
by t he accumul a t ion of exc es s ive s phi ngomyel i n. This classif
i ca t i on s cheme fai ls f or an ever - gl owi ng numbe r of NPD pa t i en t s .
We repor t a year ol d male wi th t ype B Ni emann-P i ck disea s e
with norma l neurologi c a l and i n tel l ec t ua l func t i on, bu t who doe s
have cher r y r e d spo t s . Th is pat i en t r epresents the f ourth c as e
of a child wi t h the cl inical and b iochemic al findi ngs of t ype
B NPD, bu t wi th ev idence of i nvolvement of neu r a l t i s sue . The s e
patien ts may r epresent a dist i nc t c l i n ical va r ian t o f NPD, i n
whom t he na t ura l h i s t or y has not ye t be en e luc i dated . The
exis tence of t his subs et of t ype B NPD has implication s for
gene t i c and bi oc hemica l s t udies i n NPD, as wel l as f or gene t i c
and pr ogn os tic couns e ling of f ami l i e s .
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