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Abstract

Background: Biotinidase deficiency is a treatable meta-
bolic disease that can be seen with various neurological
and dermatological complications. Biomarkers such as
alanine, propionylcarnitine (C3) and 3-hydroxyisovaleryl-
carnitine (C5-OH), which are used to diagnose biotinidase
deficiency, are also present.

Materials and methods: In cases with partial biotinidase
deficiency and normal biotinidase activity, alanine, C3
and C5-OH levels were compared in the field by liquid
chromatography-tandem mass spectrometry.

Results: There was no significant difference between
subjects with partial biotinidase deficiency and those
with normal biotinidase activity between C3 and C5-OH
levels. The mean alanine levels in heel blood and plasma
were significantly higher than those with normal bio-
tinidase activity in patients with partial biotinidase
deficiency.

Conclusion: In cases with partial biotinidase deficiency,
the heel blood alanine level that can be detected in the
neonatal screening program may be a leading marker in
diagnosis.
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Oz

Amag: Biyotinidaz eksikligi, cesitli nérolojik ve dermato-
lojik komplikasyonlarla goriilebilen tedavi edilebilir bir
metabolik hastaliktir. Biyotinidaz eksikligini teshis etmek
icin kullanilan alanin, propiyonil karnitin (C3) ve 3-hid-
roksi izovaleril karnitin (C5-OH) gibi biyobelirtecler de
mevcuttur.

Materyal ve metod: Kismi biyotinidaz eksikligi ve normal
biyotinidaz aktivitesi olan olgularda alanin, C3 and C5-OH
diizeyleri siv1 kromatografi-tandem kiitle spektrometresi
yontemi ile karsilastirildi.

Bulgular: Kismi biyotinidaz eksikligi olan kisiler ile
normal biyotinidaz aktivitesi olanlarin C3 ve C5-OH diizey-
leri arasinda anlamli fark yoktu. Kismi biyotinidaz eksik-
ligi olan hastalarda normal biyotinidaz aktivitesi olanlara
gore topuk kaninda ve plazmada ortalama alanin diizey-
leri anlamli derecede daha yiiksekti.

Sonug: Kismi biyotinidaz eksikligi olan olgularda yeni-
dogan tarama programinda tespit edilebilecek topuk kan
alanin diizeyi tanida yol gosterici bir belirte¢ olabilir.

Anahtar Kelimeler: Alanin; Biyotinidaz; Karboksilaz;
Propiyonil karnitin; 3-hidroksi izovaleril karnitin.

Introduction

Biotin is a water-soluble vitamin that is mostly found as
protein-bound and in small quantities in natural food
products. The classical role of biotin is to act as a coenzyme
of four important carboxylases which play a role in gluco-
neogenesis, fatty acid synthesis, and catabolism of various
aminoacids [1, 2]. Covalent binding of biotin to four inac-
tive apocarboxylases, which are catalyzed by holocarbox-
ylase synthetase (HCS), is required for the production of
active holocarboxylases. These inactive apocarboxylases
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are: acetyl-CoA carboxylase (ACC), 3-methylcrotonyl-CoA
carboxylase (MCC), pyruvate carboxylase (PC) and propi-
onyl-CoA carboxylase (PCC) [1, 2]. These apocarboxylases
have various functions within the body.

MCC catalyzes the carboxylation of 3-methylcrotonyl-
CoA to 3-methylglutaconyl-CoA in the leucine catabolic
pathway. The accumulation of 3-methylcrotonyl-CoA as
a result of MCC deficiency also results in the accumula-
tion of 3-hydroxyisovaleryl-CoA due to hydration reaction.
The final product that accumulates in conjugation with
carnitine is 3-hydroxyisovalerylcarnitine (C5-OH) [1, 3].
In biotin deficiency, C5-OH can be analyzed with liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
method, using the heel blood sample [4-7].

PCisabiotin-dependent enzyme in the gluconeogenesis,
and catalyzes the transformation of pyruvate to oxaloacetate
in the citric acid cycle [8]. Decreased activity of this enzyme
can lead to pyruvate accumulation. Accumulating pyruvate
can be transformed into lactic acid as well as to alanine by
aminotransferase (ALT) enzyme [9] (Figure 1). At present,
alanine level can be determined by LC-MS/MS method both
from the heel blood sample and from plasma.

PCC is a biotin-dependent carboxylase and its defi-
ciency can cause an increase in the propionylcarnitine
(C3), an intermediate metabolite. Elevations in C3 suggest
propionic acidemia, methylmalonic acidemia, or other
hereditary disorders of intracellular cobalamin meta-
bolism [7]. At present, C3 level can be easily detected by
LC-MS/MS method using the heel blood sample in the
newborn screening programs [1, 7].
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Figure 1: Location of the biotin dependent carboxylases in
intermediary metabolism.

ACC, acetyl-CoA carboxylase; CoA, coenzyme A; HCS,
holocarboxylase synthetase; LAC, lactate; MCC, 3-methylcrotonyl-
CoA carboxylase; OAA, oxaloacetate; PC, pyruvate carboxylase; PCC,
propionyl-CoA carboxylase; PYR, pyruvate [1].

Halil Kazanasmaz and Meryem Karaca: Investigation of alanine, propionylcarnitine (C3) = 483

In this study, the aim is to investigate the levels of
alanine, C3 and C5-OH obtained using the heel blood
sample in cases with various degrees of biotinidase (BTD)
deficiency.

Materials and methods

Patients, who referred to our clinic from the primary care
health institutions with the suspicion of BTD deficiency (due
to the results of the colorimetric method using heel blood
sample) within the scope of the Turkish National Newborn
Screening Programme (NNSP), were included in the study
[10]. According to the classification based on serum BTD
activity, those with a BTD activity <10% were classified as
severe, and those with a BTD activity between 10 and 30%
were classified as partial BTD deficiency (PBD) group [1, 11].
Those with a BTD activity >30% were classified as normal
BTD activity (NBA) group. The C3 and C5-OH levels from
heel blood were measured with LC-MS/MS method, using
SHIMADZU LC-MS/MS 8040. Standard levels obtained from
heel blood were 143-439 umol/L for alanine, 0.8-2.9 umol/L
for C3, and 0-0.57 umol/L for C5. Plasma alanine levels
were measured with LC-MS/MS method using SHIMADZU
LC-MS/MS 8045. Standard levels obtained from plasma was
144-400 pmol/L for alanine. Written consent of the volun-
teers have been obtained from parents.

Determination of biotinidase enzyme activity

Two to five milliliter venous blood sample was collected
into BD Vacutainer SST II advance gelous tube (Becton,
Dickinson and Company, Franklin Lakes, NJ, USA). The
collected blood sample was centrifuged at 10,000 rpm
for 5 min. One hundred microliter biotinidase was added
on each well, and then, to determine biotinidase enzyme
activity using colorimetric method (ODAK Neonatal Bio-
tinidase Assay), 10 uL of the supernatant obtained by
centrifuging the blood sample was added on each well.
Samples were incubated in the incubator for 2 h at 37°C.
After the addition of 100 uL TCA reagent on each well with
sample, the samples were centrifuged at 4000 rpm for
5 min. Of the supernatant obtained after the centrifuga-
tion, 100 uL was added on the new wells. Thirty micro-
liter Reagent-1 was added on the wells, the mixture was
incubated at room temperature for 5 min and was slowly
and manually mixed for 30 s during this period. After this,
30 uL Reagent-2 was added and the mixture was incubated
for 5 min and was slowly and manually mixed for 30 s
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during this period. Finally, 30 uL Reagent-3 was added
and the mixture was incubated at room temperature for
5 min, during which it was slowly and manually mixed
for 30 s. The resulting absorbances were read at 570 nm
wavelength using a Thermo Scientific Multiskan GO spec-
trophotometer (ThermoFisher Scientific).

Statistical analysis

Statistical analysis of the data was performed using the
SPSS 24.0 software package (SPSS Inc., Chicago, IL, USA).
Visual (histogram and probability plots) and analytical
techniques (Kolmogorov-Smirnov, Shapiro-Wilk tests)
were used to evaluate whether the variables follow normal
distribution. Continuous variables were analyzed with
either Student t-test or Mann-Whitney U-test depending
on distribution and homogeneity of the data. Categorical
variables were analyzed using Pearson y? or Fisher’s exact
test (when any of the theoretical values observed on a 2x 2
table was <5). Statistical significance level was accepted
as p<0.05 in all statistical analyses.

Results

Seventy-eight patients, who are pre-diagnosed with bio-
tinidase enzyme activity deficiency, were included in the
study. The mean age of the patients was 21.17 £ 6.34 days
(range 4-38 days). Of the cases included in the study, 60.3%
were male and 39.7% were female. 44.9% of the cases were
in the PBD group, and 55.1% were in the NBA group. It was
found that the PBD and NBA groups were similar in terms

Table 1: Sociodemographic characteristics of the cases.

DE GRUYTER

of the percentile distribution of gender, average age, height
(cm) and weight (kg) (p >0.05) (Table 1). Physical examina-
tion of the cases were normal, but only one case in the PBD
group had skin eruptions. None of the cases had history
of unexplained sibling death at birth. Only four cases had
history of low BTD enzyme activity in sibling, and all these
cases were in the PBD group. Among the cases in PBD
group, consanguineous marriage rate was 74.3%, whereas
this rate was 18.6% in NBA group. Among the cases in PBD
group, consanguineous marriage rate was significantly
higher than the NBA group (p < 0.0001).

The mean plasma alanine level of the cases in
PBD group was 322.51+£70.08 umol/L, while the mean
plasma alanine level of the cases in NBA group was
192.52+76.13 pmol/L. The mean plasma alanine levels
of the cases in PBD group was significantly higher than
the NBA group (p <0.0001). The mean heel blood alanine
level of the cases in PBD group was 314.45+90.98 umol/L,
while the mean plasma alanine level of NBA group was
17798 +59.55 umol/L. The mean heel blood alanine level
of the PBD group was significantly higher than the NBA
group (p<0.0001) (Table 2). Pearson correlation analysis
revealed a negative correlation between plasma alanine
levels and BTD activity (r=-0.717, p<0.0001). Similarly,
in the Pearson correlation analysis between the heel blood
alanine level and BTD activity, a negative correlation was
detected (r=-0.646, p<0.0001).

The mean C3 level of the cases in the PBD group was
1.50+0.68 umol/L, while the mean C3 level of the cases
in the NBA group was 1.73+0.88 umol/L, and the differ-
ence between the mean C3 levels of the two groups was
not statistically significant (p=0.213). The mean C5-OH
level of the cases in PBD group was 0.23+0.10 umol/L,

PBD (n=35) NBA (n=43) p-Value
Gender M/F 13/22 18/25 20.672
Age/day-mean +SD (min-max) 22.31+£6.57(11-38) 20.23+6.07 (4-31) ®0.151
Weight percentile (n)
10-25p 8 12
25-50p 13 15 20.951
50-75p 8 10
75-90 p 6 6
Length percentile (n)
10-25p 7 11
25-50p 14 17 20.936
50-75p 8 9
75-90 p 6 6
Parental consanguineous marriage, yes/no (n) 26/9 8/35 2<0.0001

PBD, partial biotinidase deficiency; NBA, normal biotinidase activity; SD, standard deviation. ?Pearson y? test. ®Independent sample t test.
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Table 2: The average laboratory values of the groups.
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Mean +SD PBD (n=35) NBA (n=43) p-Value®
Biotinidase enzyme activity/% (min-max) 21.68+6.45(10-30) 55.71+£16.22 (30-95) <0.0001
Plasma alanine (umol/L) 322.51+70.08 192.52+76.13 <0.0001
Heel blood alanine (umol/L) 314.45+90.98 177.98+59.55 <0.0001
C3 (umol/L) 1.50+£0.68 1.73+£0.88 0.213
C5-0H (umol/L) 0.23+0.10 0.25+0.16 0.481

C3, propionylcarnitine; C5-OH, 3-hydroxyisovalerylcarnitine; SD, standard deviation; PBD, partial biotinidase deficiency; NBA, normal

biotinidase activity. ?Independent sample t test.

Table 3: Relationship between alanine, C3 and C5-OH levels with
BTD activity.

(5] p-Value
Plasma alanine level-BTD activity -0.717 <0.0001
Heel blood alanine level-BTD activity -0.646 <0.0001
Heel blood C5-OH level-BTD activity -0.021 0.856
Heel blood C3 level-BTD activity 0.221 0.078

r, Pearson correlation coefficient; C3, propionylcarnitine; C5-OH,
3-hydroxyisovalerylcarnitine; BTD, biotinidase.

while the mean C5-OH level of the cases in NBA group was
0.25+0.16 umol/L, and the difference between the mean
C5-0H levels of the two groups was not statistically signifi-
cant (p=0.481). In the Pearson correlation analysis, it was
found that there was no significant correlation between C3
and C5-OH and BTD activity (p <0.05) (Table 3).

Discussion

BTD deficiency is a treatable metabolic disease which can
manifest with a variety of neurological and dermatological
complications [1, 11, 12]. In regions such as Turkey where
consanguineous marriage is common, this autosomal
recessive disease has a higher incidence [13, 14]. Indeed, in
our study, we found that the rate of consanguineous mar-
riage was higher in the PBD group than the NBA group. In
our study, BTD activity level of the cases in the PBD group
was between 10 and 30%, and there were no cases with
severe BTD deficiency (<10%). Thus, it was thought that
the reason for not having any pathological findings either
neurological or dermatologic (except for one) in the physi-
cal examination may be due to the absence of a case with
severe BTD deficiency in the study.

There are auxiliary laboratory tests used for the diag-
nosis of BTD deficiency. For PCC deficiency, C3; for MCC
deficiency, C5-OH can be used for diagnosis [1, 6, 15, 16].

Clinical studies have shown that, particularly in severe
BTD deficiency, plasma C3 levels can be useful in diag-
nosis [6, 15]. In this study, the mean C3 and C5-OH levels
of the PBD and NBA groups were compared and the dif-
ference between them was considered insignificant.
Similarly, in the correlation analysis between C3 and
C5-0OH and BTD, no significant correlation was detected
between the BTD activity and C3 and C5-OH (Table 3). It
was thought that the reason for not having a significant
difference between the PBD and NBA groups in terms of
mean C3 and C5-OH levels could be the absence of a case
with severe BTD.

In our study, mean alanine levels in both plasma and
heel blood in the PBD group were significantly higher than
the NBA group (Table 2). However, there was a negative
correlation between the BTD activity and plasma and heel
blood alanine level. PC is a biotin-dependent carboxylase
whose activity can decrease in the case of BTD deficiency,
and this was considered potentially responsible for the
higher mean alanine levels in the plasma and heel blood
in the PBD group. Accumulating pyruvate is converted
to lactate, and clinically can cause lactic acidose [17, 18].
However, in this study, the emphasis is on the conversion
mechanism of pyruvate, which can accumulate as a result
of biotin deficiency, into alanine via ALTs. In addition, it
was found that the mean alanine levels in both PBD and
NBA groups were within the specified reference range.
In our study, the absence of a case with severe BTD defi-
ciency was considered responsible for the level of alanine
accumulating in the body to remain within the reference
range. In cases with PBD; alanine levels, which can be
measured using heel blood within the scope of NNSP,
were considered as a helpful parameter in diagnosis. With
meta-analysis studies that include cases with severe BTD
deficiency, the relationship between alanine level and
BTD activity can be demonstrated more clearly.

Acknowledgements: We would like to thank Dr. Ataman
GONEL, who president of the Department of Biochemistry,

Brought to you by | Lund University Libraries
Authenticated
Download Date | 12/2/19 6:51 AM



486 —— Halil Kazanasmaz and Meryem Karaca: Investigation of alanine, propionylcarnitine (C3) DE GRUYTER

Harran University Medical School, and all the staff of the
biochemistry laboratory.

Ethical approval: This study conformed to the principles
of the 2008 Declaration of Helsinki and was approved by
the local ethics committee of Harran University, Medical
Faculty, Turkey (Approval date and number: 05.07.2018,
Session 7/28352).

Conflicts of interest: No conflict of interest was declared
by the authors.

References

1. Baumgartner MR, Suormala T. Biotin-responsive disorders.

In: Saudubray JM, Van den Berghe G, Walter J, editors. Inborn
metabolic diseases: diagnosis and treatment, 6th ed. New York:
Springer, 2016:376-9.

2. Strovel ET, Cowan TM, Scott Al, Wolf B. Laboratory diagnosis
of biotinidase deficiency, 2017 update: a technical standard
and guide line of the American College of Medical Genetics and
Genomics. Genet Med 2018;20:282.

3. Peake RW. A case of increased C5-OH acylcarnitine. Clin Chem
2016;62:1278-9.

4. Uaariyapanichkul ), Chomtho S, Suphapeetiporn K, Shotelersuk
V, Punnahitananda S, Chinjarernpan P, et al. Age-related refer-
ence intervals for blood amino acids in Thai pediatric population
measured by liquid chromatography tandem mass spectrometry.
J Nutr Metab 2018;2018:5124035.

5. Fingerhut R, Silva Polanco ML, Silva Arevalo Gde J, Swiderska
MA. First experience with a fully automated extraction system for
simultaneous on-line direct tandem mass spectrometric analysis
of amino acids and (acyl-)carnitines in a newborn screening set-
ting. Rapid Commun Mass Spectrom 2014;28:965-73.

6. Horvath TD, Stratton SL, Bogusiewicz A, Pack L, Moran J, Mock
DM. Quantitative measurement of plasma 3-hydroxyisovaleryl
carnitine by LC-MS/MS as a novel biomarker of biotin status in
humans. Anal Chem 2010;82:4140-4.

7. Larson AA, Balasubramaniam S, Christodoulou J, Burrage LC,
Marom R, Graham BH, et al. Biochemical signatures mimicking

10.

11.

12.

13.

14.

15.

17.

18.

multiple carboxylase deficiency in children with mutations in
MT-ATP6. Mitochondrion 2019;44:58-64.

. Lazar N, Fay A, Nandakumar M, Boyle KE, Xavier J, Rhee K, et al.

Control of biotin biosynthesis in mycobacteria by a pyruvate
carboxylase dependent metabolic signal. Mol Microbiol
2017;106:1018-31.

. Adeva-Andany M, Lopez-0jén M, Funcasta-Calderén R, Ame-

neiros-Rodriguez E, Donapetry-Garcia C, Vila-Altesor M, et al.
Comprehensive review on lactate metabolism in human health.
Mitochondrion 2014;17:76-100.

Tezel B, Dilli D, Bolat H, Sahman H, Ozbas S, Acican D, et al. The
development and organization of newborn screening programs
in Turkey. J Clin Lab Anal 2014;28:63-9.

Wiltink RC, Kruijshaar ME, van Minkelen R, Onkenhout W,
Verheijen FW, Kemper EA, et al. Neonatal screening for profound
biotinidase deficiency in the Netherlands: consequences and
considerations. Eur ] Hum Genet 2016;24:1424-9.

Patel DP, Swink SM, Castelo-Soccio L. A review of the

use of biotin for hair loss. Skin Appendage Disord 2017;3:
166-9.

Yilmaz S, Serin M, Canda E, Eraslan C, Tekin H, Ucar SK, et al.

A treatable cause of myelopathy and vision loss mimicking
neuromyelitis optica spectrum disorder: late-onset biotinidase
deficiency. Metab Brain Dis 2017;32:675-8.

Karaca M, Ozgiil RK, Unal 0, Yiicel-Yilmaz D, Kili¢ M, Hismi B,

et al. Detection of biotinidase gene mutations in Turkish
patients ascertained by newborn and family screening. Eur |
Pediatr 2015;174:1077-84.

Stratton SL, Horvath TD, Bogusiewicz A, Matthews NI,

Henrich CL, Spencer HJ, et al. Plasma concentration of
3-hydroxyisovaleryl carnitine is an early and sensitive indica-
tor of marginal biotin deficiency in humans. Am ] Clin Nutr
2010;92:1399-405.

. Cozzolino C, Villani GR, Frisso G, Scolamiero E, Albano L,

Gallo G, et al. Biochemical and molecular characterization of
3-Methylcrotonylglycinuria in an Italian asymptomatic girl.
Genet Mol Biol 2018;41:379-85.

Habarou F, Brassier A, Rio M, Chrétien D, Monnot S, BarbierV,
et al. Pyruvate carboxylase deficiency: an underestimated cause
of lactic acidosis. Mol Genet Metab Rep 2014;28:25-31.

Breen C, White FJ, Scott CA, Heptinstall L, Walter JH, Jones SA,

et al. Unsuccessful treatment of severe pyruvate carboxylase
deficiency with triheptanoin. Eur ) Pediatr 2014;173:361-6.

Brought to you by | Lund University Libraries
Authenticated
Download Date | 12/2/19 6:51 AM



