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1 | INTRODUCTION

N-glycanase 1 (NGLY1) deficiency was first reported in
2012,] and is the first described congenital disorder of
deglycosylation (NGLY 1-CDDG).? It is inherited in an autoso-
mal recessive manner, and results in multi-system involvement

Abstract

We report on a 5-year-old female born to consanguineous parents, ascertained at
the age of 23 months for an elevated plasma methionine level, a mildly abnormal
total plasma homocysteine (tHcy), and elevated aminotransferases. She had global
developmental delay, microcephaly, dysmorphic facial features, hypotonia, nystag-
mus and tremor in her upper extremities. Metabolic investigations demonstrated
elevations in plasma methionine, plasma S-adenosylmethionine (SAM) and plasma
S-adenosylhomocysteine (SAH), with normal urine adenosine levels. Some of the
elevations persisted for over 1 year. Sequencing of the ADK and AHCY genes was neg-
ative for causative variants. Plasma methionine normalized 1 year after ascertainment,
but SAM and SAH continued to be elevated for six more months before normalization,
and aminotransferases remained mildly elevated. Whole exome sequencing demon-
strated a homozygous pathogenic variant; NM_018297.3(NGLY1):c.1405C>T
(p-Argd69*) in exon 9 of the NGLYI gene, for which both parents were heterozygous.
To our knowledge, this is the first report of NGLY1 deficiency with elevations in
plasma methionine, SAM and SAH and a slight elevation of tHcy. Less than 20 patients
have been reported with NGLY1 deficiency worldwide and this case expands on the

biochemical phenotype of this newly discovered inborn error of metabolism.
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with dysmorphic features, acquired microcephaly, severe hypo-
tonia, seizures, poor growth, global developmental delay,
movement disorder, and alacrima/hypolacrima.

Herein we describe a patient found to be homozygous for
a pathogenic variant NM_018297.3(NGLY 1):c.1405C>T
(p-Argd69*) in the NGLYI gene. Her features included global
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developmental delay, microcephaly, dysmorphic facial features,
hypotonia, hypolacrima, and tremor in the upper extremities.
Novel findings included initially persistent, but resolving eleva-
tions in plasma methionine, plasma S-adenosylmethionine
(SAM) and plasma S-adenosylhomocysteine (SAH), but with
normal urine adenosine levels. To our knowledge, fewer than
20 patients have been reported with NGLY1 deficiency world-
wide. Our patient highlights an unreported presentation of
NGLY1 deficiency and suggests possible additional pathways
for investigation.

2 | PATIENT REPORT

The patient was born to a healthy 30-year-old Gravida 3 Para
2 mother at 322 weeks gestation, via Caesarian section, for
decreased fetal heart rate. Birthweight was 1255 g (10th per-
centile), length was 38 cm (10th percentile), and head cir-
cumference was 28.5 cm (45th percentile). Her parents are
of Libyan descent and first cousins. Both parents were
healthy, as were the proband's two older male siblings. The
patient required an 8-week stay in the NICU for manage-
ment of feeding and growth difficulties. Aminotransferases
in the newborn period were normal.

Elevated aminotransferases were first noted at 23 months
of age as part of a workup for failure to thrive; AST of
358 U/L (normal: 10-45 U/L) and ALT of 853 U/L (normal:
1-35 U/L) and GGT of 101 U/L (normal: 8-35 U/L). Alpha
Fetoprotein was within normal limits for her age. An initial
search for alpha-1 antitrypsin deficiency, cystic fibrosis,
infectious and autoimmune etiologies was negative, and a
liver ultrasound for structural changes was normal. Liver
biopsy was not performed. At 3 years, the GGT normalized
but aminotransferases remained elevated, with AST 216 U/L

at 3 years and 58 U/L at 5 years of age, and ALT 453 U/L at
3 years and 57 U/L at 5 years of age.

A brain MRI at 2 years of age demonstrated age-appropriate
myelination with mildly prominent cerebral sulci, lateral and
third ventricles, consistent with cerebral atrophy (Figure 1A).
There were no documented seizures. She had a longstanding
history of tremor in the upper extremities bilaterally, as well as
weakness in her legs. She was followed by ophthalmology for
myopic astigmatism, esotropia, and hypolacrimation, with nor-
mal dilated fundus examination. Hearing was normal. At
5 years of age, brain MRI demonstrated persistent mildly prom-
inent cerebral sulci, lateral, and third ventricles (Figure 1B).
"H-magnetic resonance spectroscopy was normal.

An echocardiogram performed at 1 month of age demon-
strated small atrial septal defect, patent ductus arteriosus, and
mild right and left ventricular hypertrophy, with normalization
on repeat. Electrocardiogram was normal. Complete blood
counts and coagulation studies, albumin, immunoglobins, and
thyroid studies were normal. There was no history of lactic aci-
dosis. She had two fractures of the left lower extremity, after
trauma. A bone age performed at 4 years; 4 months was within
normal limits. Bone mineral density was reported as low, with
a lumbar Z score of —2.1 (0.379 g/cm?). She was small for age,
with measurements consistently at or just above the third per-
centile for height, weight, and head circumference.

At 5 years of age, development was delayed globally.
She was unable to walk unassisted until 4 years of age. She
was able to walk up and down stairs with assistance. She
had between 15 and 20 words. She was able to follow two-
step commands, and primarily communicated by taking one
of her parents' hands or pointing. Fine motor development
was delayed, but she was able to finger feed and hold a cup
and a pencil with a fisted grasp. Social development was

FIGURE 1 Brain MRI
T2-weighted images at age of

24 months (A) and 5 years (B) show
lateral ventricles and cerebral sulci that
are mildly prominent for age
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notable for social anxiety, but she demonstrated good eye
contact and a social smile. She was not yet toilet trained.

On examination at 5 years of age, her weight was 18.9 kg
(50th percentile), height 107 cm (25th percentile), and head cir-
cumference 48 cm (3rd percentile), consistent with microceph-
aly. She had dysmorphic facial features including deep-set eyes
with long eyelashes, short palpebral fissures, and synophrys
with full, arched eyebrows. Extremities were remarkable for
bilateral 5th finger clinodactyly and fetal pads on all
fingers. Cardiac, respiratory, and abdominal examination was
unremarkable. There was no scoliosis. On neurological exam,
she had increased tone with slight catching in the upper extrem-
ities bilaterally, and peripheral tremor in her upper extremities.
Tone in the lower extremities was normal. She had decreased
deep tendon reflexes throughout both upper and lower extremi-
ties. She was able to walk independently with a forward-
leaning and wide-based gait but was unable to run.

3 | MATERIALS AND METHODS

3.1 | Cytogenetic investigations

Comparative genomic hybridization (CGH) oligoarray using
the platform (CytoChipTM ISCA 8x60K v2.0) was per-
formed on DNA extracted from peripheral whole blood.

3.2 | Biochemical testing

Plasma amino acids were quantitated after post-column nin-
hydrin derivatization using a Biochrom 30+ amino acid ana-
lyzer (Biochrom Ltd, Cambridge, UK). Total homocysteine
was measured using a heavy-isotope dilution method follow-
ing dithiothreitol reduction of disulfide bonds by liquid chro-
matography (LC)- tandem mass spectrometry (MS/MS) as
previously described.” Plasma SAM and SAH were mea-
sured using a heavy-isotope dilution method after initial
sample acidification, followed by neutralization and solid
phase extraction by LC-MS/MS as previously described.”
Urine creatine/guanidinoacetoacetate was measured at the
Biochemical Genetics Laboratory at the Hospital for Sick
Children (Toronto, Ontario, Canada), and urine purines and
pyrimidines at the Laboratoire de génétique biochimique at
the Centre Hospitalier Universitaire de Sherbrooke (CHUS;
Sherbrooke, Québec, Canada).

3.3 | Genetic analysis

Gene sequencing of the AHCY gene was performed at Baylor
Miraca Genetics Laboratory (Houston, Texas). Gene sequenc-
ing of the ADK gene was performed at Centogene/Life Labs
Laboratory (Rostock, Germany). XomeDxSlice analysis of the
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ADA, GNMT, MATIA, MTHFR, and SLC6AS8 genes was per-
formed at GeneDx Laboratory (Gaithersburg, Maryland).

Whole exome sequencing (WES) trio after slice was per-
formed at GeneDx Laboratory (Gaithersburg, Maryland). Using
genomic DNA extracted from peripheral lymphocytes, the
Agilent Clinical Research Exome kit was used to target the
exonic regions and flanking splice junctions of the genome.
The targeted regions were sequenced simultaneously by mas-
sively parallel (NextGen) sequencing on an Illumina HiSeq
sequencing system with 100 bp paired-end reads. Bi-directional
sequence was assembled, aligned to reference gene sequences
based on human genome build GRCh37/UCSC hg19, and ana-
lyzed for sequencing variants using a custom-developed analy-
sis tool (Xome Analyzer). The mean depth of coverage was
180X and quality threshold was 97.9%. Sanger sequencing was
performed in the laboratory on the proband's and parents' DNA
for variant confirmation.

4 | RESULTS

4.1 | Cytogenetic investigations

The array CGH was reported as normal female.

4.2 | Biochemical testing

Plasma amino acid analysis at 23 months of age demonstrated
an isolated 4.7-fold elevation in plasma methionine at
212 pmol/L (Normal: 10-45 pmol/L), and marginally elevated
plasma total homocysteine level of 14.7 pmol/L. (Normal:
3.1-11.1 pmol/L). Plasma SAM had a 3.8-fold elevation at
505 nmol/LL (Normal: 86-132 nmol/L), and plasma SAH had a
6.4-fold elevation at 186 nmol/L. (Normal: 9-29 nmol/L). In
addition, urine creatine was elevated at 1500 mmol/mol creati-
nine (normal: 14-830 mmol/mol creatinine) and urine
guanidinoacetoacetate was normal at 124 mmol/mol creatinine
(normal: 5-150 mmol/mol creatinine). She had normal urine
adenosine levels. Creatine kinase (CK) was normal at 97 TU/L.

Plasma amino acids were repeated at 2 years, 2 months
of age and she continued to have a 1.8-fold elevation in
plasma methionine (but within the context of other elevated
amino acids suggestive of a nonfasted specimen), but with a
normal plasma total homocysteine at 6.3 pmol/L. There
remained a 2.3-fold elevation of SAM, and an 8.1-fold ele-
vation in SAH. At 3 years of age, there was normalization of
the plasma amino acids but persistence of elevated SAM
(1.6-fold) and SAH (2.4-fold). At 4 years, 7 months of age,
SAM was still marginally elevated, and SAH normalized.
SAM-to-SAH ratios ranged from 1.31
23 months and 3 years of age and normalized by 4.7 years
of age. Urine creatine and guanidinoacetoacetate levels nor-
malized by 5 years of age as well.

to 3 between
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4.2.1 | Molecular genetic testing

No pathogenic variants were found in the ADK, ACHY,
ADA, GNMT, MATIA, MTHFR, and SLC6AS genes. WES
trio performed on the proband and both parents demon-
strated a homozygous NM_018297.3(NGLY1):c.1405C>T
(p.-Argd69%) pathogenic variant in NGLYI in the proband,
and heterozygosity for this NGLY! variant in the patient's
mother and father. The variant had been reported in the
homozygous state in an individual with unclassified epi-
lepsy” and was rare, with an allele frequency of 1.65 x 107
in ExAC, and no homozygotes reported.® At the time of the
writing of this manuscript, the variant was reported in Clin-
Var 3 times as pathogenic (one submission representing our
patient). It is predicted to cause loss of normal protein func-
tion either through protein truncation or nonsense-mediated
RNA decay.

S | DISCUSSION

NGLY1-CDDG presents with abnormal tear production,
choreoathetosis, liver dysfunction, developmental delay,
hypotonia, peripheral neuropathy, EEG abnormalities, and
microcephaly (Table 1). Previously reported hepatic findings
include elevated aminotransferases, fibrosis, neonatal jaun-
dice, and intrahepatic cytoplasmic inclusions on biopsy.>”*®
A publication from 2017 which prospectively phenotyped
patients with NGLY1-CDDG documented transient eleva-
tion of aminotransferases during the first 2 years of life, with
normalization on average at age 4.° Half of this cohort of
12 patients had normal abdominal ultrasound results, with
abnormalities in the remainder including splenomegaly,
steatosis, hepatomegaly, and coarse or inhomogeneous liver
echotexture, and 3 of the 12 individuals had elevated
fibroscan scores demonstrating possible liver fibrosis.

The mechanism by which loss of NGLY1 activity leads
to the clinical phenotype is not well understood. Loss-of-
function mutations in NGLY1 appears to lead to accumula-
tion of misfolded proteins, which may interfere with cellular
functions. The enzyme is known to play a key role in quality
control of misfolded N-glycosylated proteins, as cleavage of
the attached N-glycans directly precedes proteasomal
degradation.'® Regulation of proteolysis through de-N-
glycosylation of Nrfl, a transcription factor that upregulates
proteasome subunit gene expression, has also been demon-
strated in vitro, with a clear role between NGLY1 activity
and regulation of proteostasis.'' In the absence of NGLY1,
cytosolic endo-f-N-acetylglucosaminidase (ENGase) acts on
misfolded glycoproteins to generate N-GIcNAc proteins,
which are hypothesized to cause toxic effects on cells
through protein aggregation and/or impairment of intracellu-
lar signalling pathways.]2’13 Patients who have NGLY1

deficiency have been described to have mitochondrial
dysfunction as observed on muscle and liver biopsy and
in vitro, potentially implicating a role for NGLY1 in the
respiratory chain.'*'*

Our patient demonstrated elevations in methionine,
SAM, and SAH, and mild elevation in homocysteine. To our
knowledge, this is the first report of this biochemical profile
in patients with NGLY 1-CDDG. Methionine is activated in
an ATP-dependent reaction to form SAM, which plays a
major role in methyl donation during biosynthetic reactions.
SAH is formed from the demethylation of SAM following
donation of the methyl group to an acceptor; the adenosyl
group is subsequently removed to form homocysteine
(Figure 2).

With respect to the potential mechanism that may under-
lie the SAM and SAH elevations in our patient, we consid-
ered several possibilities. Elevations in homocysteine levels
due to low dietary folate or B12 may present with low
SAM:SAH ratios and elevated SAH, but typically not with
elevated SAM.!S Folate was not checked, but vitamin B12
and methylmalonic levels were normal, suggesting that this
is a less likely explanation for our patient. While liver dis-
ease in patients with NGLY 1-CDDG has been characterized
in multiple reports, hepatic SAM metabolism in patients
with chronic liver disease typically shows patterns of low
SAM due to SAM depletion and/or reduced synthesis, rather
than elevation.'® Therefore, this is an unlikely explanation
as well. Very elevated methionine levels (up to 26-fold) and
elevated SAM have been described in patients with hepatic
mitochondrial DNA (mtDNA) depletion syndromes, but
were not accompanied by elevations in SAH."” It is also pos-
sible that muscle involvement may be contributing to our
patient's presentation, however, her creatine kinase level has
been normal to date.

Genetic testing in our patient for enzymes involved in
methylation was unrevealing. Multiple levels of control over
methylation enzymes have been described, including oxida-
tive stress, metabolites from the same or related pathways,
and hormones and nutrients.'® We suggest that dysregulation
of one or more enzymes involved in methylation may be the
cause for our patient's presentation, through one or more of
the pathways impacted by loss of NGLY 1. The elevations in
methionine, homocysteine, SAM, and SAH improved over
time, suggesting that the implicated enzymatic dysregulation
is reversible. She also had low SAM:SAH ratios from
23 months to 3 years of age, which may suggest reduced
methylation capacity.'® While our findings are limited to a
single case, it may be informative to explore whether SAM
and SAH are also dysregulated in other patients with
NGLY1-CDDG, and whether a pattern of methylation dif-
ferences can be detected in this group of patients.



(sonunuo))

i =u
amo=u
(@)

[ = U ununge WSS
pue ‘unge ‘uiaj01d 453 MO

)9 =u

sameay Funeurokwop

P (118 = u
fpredomaugjod Kosuas [euoxy

@iy =u
@p=u
(py=u

Suydone 1e[12g2122 (/)
9 = u kydone [L1qasd (1)

T = U suorso] aEw Ay
(1) = u uoneupaKw pakepQ

@ier=u
@ipL=u
@ne=u
@i =u

(1= syoom pe (1 = W)
SY00M 9€ (01 = W) Wi,

49 W9

uerseonT))

swak ¢ 1g-g a8y

yrysouwey | ‘us
201ds  ‘asuasuou ¢
“aSUASSIW G SSuOnEIN €

10wy

(21 = ) sywaneg

uoneurakur
pakepq

ST

LE

pawayur
Aoy

§ uox>
L<VI0LID

asuasuoN
powayur

Aireworeiy

g Uox>
‘L < VI0T1" asuasuoN

212 yosog.

Twaned

fydone
apsny

+

wLe

g,

um
Surgstuzy,

W

ueiseONE)

1

pawayut
Aiworeg

O + 188

* uoxa u

pausijoqe
ans 2adg

powayur
Aiewoeiy

£ uoxa
‘D <OLKED
s doig.

s
pue Aojoon

TIuaneq

uerseoNT)

pawayut
Aipworeg

VVOLIRPIEST
TEESTD
WiysourLy

powsayur

Aireuoreiy
VVOLPPIEST
TEECID

yngsaey

(130 ais)
7 woned

pi0d
[£21A120 UKL,
“Sunvams

oy,

pa0d [egonu
RELIA

W
+

uerseoNE)

91
pawayut
Aipworeg

VVOLIRPYEST
TEES1D
WiysourLy

powsayur
Aireuoreiy

VVOLRPIEST
eI
JiysowRLy

212 ueeiSe)

TIuaneq

oy,

uonesnsar
paimbai 5/
“BIpIRIAPRIQ YUAWAAOW
19
paseanoop

Rl

E

ueiseoNE))

91

pouodar ion

g uoxa
LLVI0TID
asuasuoN.

paodar 1N
§ uoxe

LLVI0T1D
asuasuoN.

3o ais)
PRI

oy,

s
pauurd ‘uoasos anmisod

E

ueiseoNE)

pouodar ion

g uoxa
“L<V10T1°2 9SUaSUON

paodar 1N
3 uoxe

*L<V0T]'0 9SU3sUON

Lwoneq

amewaid
/0 “uaaIds TSI
puodas aanisod DT

E

purjut “ouresy) “ysydug

squow ¢'6

pawsoyur Areworrg

§ uoxe
‘L<VI0ZI'> 9sudsuoN

pataqut Ajpeuaieiy

g uoxa
L<VI0Z1°> 9suastoN

(s 3o qi18) 9 ywaneg

 oBe uorssaiday

B
“U22I08 JAIsAWL
puooas aanisod
‘SsansIp [219) ONI

W

“ourenyp) “ysudug

powoyur Areworrg

g uoxa
LLVI0TID
asuasuoN

parwayus Ajfeuaiey
§ uoxe

LLVI0TID
asuasuON.

S yaned

8¢

§/D ‘ssansip e}
“somweIpyosio
RGhit

W

ueuwan

pouodar ion

g uoxa
LLVI0TID
asuasuoN.

panodar 0N
§ uoxe

LLVI0T1D
asuasuON.

¥ uaned

sijads Suumg

g,

S/0 ‘uaads.
J2ISOULY PUOKIS
aamisod g

Supmssvar-uoN

E

uerseoNT)

pawayut
Siwoeiy

19PLOZI S0TI >
uonaap auely up

powsayur
Aiewareg

<D0L81°2
w3 doig

£ aned

$50] UOISIA 210D

powoyur Arewowrg

“DANPOLET' ysAWEL]

powayut Ajeusarepy

6 uoxa ‘odnpoLE >

$50] UOISIA 210D

S/ Tuaoerd
TewougE ¥oNT

E W

+ -

uemy oory ovang “uvadoinyy

0z S

powoyur Arewowrg

6 uoxa g uoxa
“L<V10T1'2 9SUaSUON

pawayut Areusareiy

21 uoxa
WUSWRL  PPIGSID YysWEL]
210 suug

Twaneg Twpeg

9yep 03 payrodar syusnjed oY) JO SAIMBSJ [BITUID)

+ +
sonuanxo
Jaddn ut puouadAy
ERLT
“eruojodAy
Tenu
+
¥
n
pawadsng
n
4
+
+ +
n _
+
+ +
Y4l
k43
ampwarg
W El
+
woudy
“ueadoing viart
€ <
pawayut pawayut
Aiworeg Aipworeg
uoxa 157
ur s 6 u0x>
iysouey “L<OS0p 10 FSUSSIA
powayur powayur
Sipwaneiy Siewaeiy
§ uoxo
onmnu 6 uoxa
ASUISUON “L<OS0P 1D ASUISSIN
210 poan ajonue wauny
zouyr, Juaged ang

wide
o0 eordojoweyiydo

PO

SULA
paseanaq

eruolodSy

Jowary,

Ayredomau eiayduag

sSupuy HIg

Aeydasosony

sampeusiouqe
RIN uieig

sopaosip
awanopy
sanzwg  odojomay

fmaesip
[emayoy

ferop

wawdogorop

ol wewdoparaq
(15) wSom quig
©m)
uosad
S

suoneargduog fowvusarg
19puoD

Anum3uesuop

udug

wodai 1sef
wady  ASojonwopidz

suonzIny adfiouan
aouasjar
apmy
uazpr suageg
Juaneg

T HdTdV.L



(senunuo))

(€=u)
PANUaD! [PLRIRW FI0IS ON

aL=u
AN S0 sonm Apoguue
[

(1§ = u uagounqyy
‘(21T = uIx 1008y
(21T = u X1 400%) (Z1/)
1 = u KNABOE ] 40198 *(Z1/)
9= u Ananoe 3 umjoid mog

(1)1 = u vwouarey
ooy ‘(Z1/)9 = u
(AeBowonday amxa)

“AeRawouaids ‘stsomwas)
PUNOSEAN [FUILOPQE [PULIOUQY

(gno=u
@iE=u

+

(8/)8 = u uopezIEULIOn
190 QI SuOnEAA[D A

@or=u

(11/)y = u Suipueq
[easAydeiaw o sourf 1saLe
QA0S ([1)11 = u L3[e vX0)

mo=u

(ig=u

(11/)¢ = u sapnoys/sdry
1O UONEXNIQNS O UONEAOSIT

(6N6=u

amg=u

(11)11 = u Keap asuodsar
mopreas [eadukreyd
pue aFeuds amewaid
“(11/)01 = U SHALap Jojout [eiQ)y

(6/)5 = u swowarows
quigg a1pouad 1wanbayy “(¢/)
2 = u pouiquion (/)1 = u
voude doys [enuad (/)

2 = uvoude daas aanONISA0

@iz=u

)
6 = u asuodsas wasureiq
Kioupne wasqe 10 pakTRa

(119 = u Aydoxre ondo
“(11/)§ = u snwsiqens *(11/)
2 = usnwdesku (11/)6 = u
sowpeydosey *(11)§ = u sisold

(21 = ) sywaneg

2auy Jo
uonamsal
uoIsuAIg

snwsiqeng

Twaned

“SISOIEAISOIOBUW
sisoyu1)
otpunef
[eIRuoaN ASoworndopy
+
¥ - -
+ - +
+
sapyue e
sampenuo)
+ - +
+ - +
moIs 100g + +
snurydog
“stsond
“snussiqeas
“stsouas
1wnp snuwsiqens
Tewmoey sisold
TIuaneq (130 q18) TIuaneq

7 woned

uonee[p

Fuunnbar
sisouals
[LERED)

snmaounbo
sadipey,

+

snwsiqens

(30 ars)
gIuaped

orpunef
RN

snwsiqens

Lwaned

opunef
[mRuoON
+ +
¥
= +
soouy
SAIMOENU0D UOIXAL]
(530 q19) 9 yaned S opeq

aoipuef [eivuoaN

sisod

¥ uaned

eruadolo0quioxy) 1UAIsUIL

oipunef [ereuoaN

snwsiqens

£ aned

oumsqns snoydioury

fsdoiq soar]

sann Apoquue

[Puouqy  orSojounuuy

[eutiouqe
sapms

eruadolo0quioxy) 1UAIsUIL

nyd wniwosow

oipunef [ereuoaN “SISTIS9OYp [TIRU0ON,

uonendeo)

aifojomuan

2O

uonezijonoeA

10 98m01s 1oAT]

SIS01qL 1A

Moy

—  sDJ, pue [oIsa[oY)

saseumuRsuEn
pareAaga/uonouny

1OAT] [eULOUqY

uonednsuo)  [eunsolonseny

YO

SIS01]09§

sauoq [esiey
10 saBuzeyd

- jo

o1

suonzaOISIp 10
Apqounadsy

wop

samaeyy
JuaLmdA

s

suap
auoq Mo

a3e au0q

povipq maIsOmIsIIY

+ Supaay 1004 Fuipasy

soni[ewIouqe

Supye doals ‘wspanig

doals doalg

pasuojord

L0 deipae)

wousedun

wiexa snpuny parep
[eusiou Juanbasqns
“(ueyur) afenoway
Teunos “idonoso

‘wsnewanse ‘eidofiy

Sumwoy  EorRojolpny

2PYO

vwEE

Twaneg Twpeg Touy, Juaped g

(panunuoD)

10 -0dAK

ESICRCYER] sjuaneg
Juoneg

T HdTdV.L



‘[orpensa pajednfuooun ‘gFn (3uISNO0J OLNI[ROST ULLIDJSURT ‘JHLL, (SOPHAAISLY ‘D, {Sul[qIs ‘QIS 9)el 1By I0J PajodLiod [eamul 1O ‘goL0) ‘SurSewr aouruosal onousew TN :sopLreyodesAjodoonuu
‘SN ‘uerpaw 9y Jo sardnnu ‘WOJA ‘efeqny/sdunu/saseat = YA SO[eW JA 1S9} UONOUNJ JOAT ‘1T ‘UOTOINSAI ImoI3 aunnenur Yoy ‘urdonopeuos sruonoyd uewny ‘DY sxnpjai [eeSeydosoonses ‘(YD torel 1eay [e1e) “YH ‘orewd)
‘q ‘wnpnona orwserdopus Yy ‘weidoreydoousonos[e ‘OFH (soxd[jor uopud) doap ‘SY L PINY [eurdsoIqarsd S (UONOIS URLIASIR)) ‘S/D) ‘oseIdjsuenourure dyeredse ‘I SV ‘oseIojsuenourure suruere ‘[ Ty ‘urajord-o3e) eydpe ‘dJV :SUONRIARIQQY

Apawomday

SS% ON €L

a8e 1Ty pue

893 ISV Jo
onezEwION amzpas pasuojoxd
a1pjduwo) umouyun asne> /SSauf[t [eItA
9£7> SuonoaJuT JuaLNoR *doals uy syuow g6 G a3k paseasny

LSV "102>1TV) priw 3¢ paseadaq IO WO 80 WO T0'1 uiqryut
219M (T pue “skep ] 18 patou L§°0 DOU ‘WO DOU WON +T0 ‘WO 50 DOU WO & Sprewan
‘g swuaned) sjenpiatput xig 181 SLAT PARASIE. 9] a3v paseada(] 1€0 €81 ‘WO L8O dV €8N ‘WO L6'] dAY 92°0 €4n ‘WON €91 ddV PUE SNSOLIOLE SMNp 121t 240
wsippiodin
“stuad [[ews
siofuy (2 uo
“Kfwepouro
yinow apis
“wsuoppdAy
(@11 = u ) “a3pu ardoropy 201 “wsnopRadAY  wsIpyRIodAI iR pue sp FEe)
someay
+ + + + + + + + - = = = +  sooyomdowsiq  omdiowsAq
eI[02159[0Y0dAF] e}
(8/)y = u pawaag SAIN duln
@ps=u - - - + - + + + - - SiSopIoE now]
(8/)8 = u [euLIou sisA[eue uea[3-0
(616 =
= [eusou
Ksdoiq apsnpy
RE
PAIRIIp Y surpury
uongnunooe [Ponwayo01q
pidy pue qe
(1 = v) swapeq 7 woned Twoneg (130 q15) Twoneg (3o qs) Lwoned (530 qS) 9 yuanEg S uoned ¥ 1uoned € Juoned 7 woned Tuaneg zouy Juaged anQ 2udI suaneq
Twoned guoned ened

(ponunuo)) T ATAVL



CHANG ET AL.

z_ | wiLEy-[pEeT

Methionine

SAM

THF

Methionine
synthetase

DMG
Betaine C
h .
B12 omocysteine Betaine

methyltransferase

SAH

SCH,THF Choline

Homocysteine

Cystathionine beta
B6 1 synthetase

Cystathionine

BG‘

Cysteine

|

Glutathione

6 | CONCLUSION

In summary, we report a new case of NGLY1-CDDG with
transient elevations in methionine and homocysteine, as
well as SAM and SAH, which are involved in single-
carbon metabolism. Our goal is to expand the reported
biochemical phenotype of patients with NGLY1-CDDG,
with possible future research avenues including evaluation
of the regulation of enzymes involved in methylation
through one or more of the pathways impacted by loss of
NGLY1.
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