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Abstract   

Uridine diphosphate glucuronosyltransferases (UGTs) are key enzymes responsible for the 

body’s ability to process of a variety of endogenous and exogenous compounds. Significant 

gains in the understanding of UGT function have come from the analysis of variants seen in 

patients. We cared for a Sudanese child who presented with clinical features of Type I Crigler-

Najjar syndrome (CN-I), namely severe unconjugated hyperbilirubinemia leading to liver 

transplantation. CN-I is an autosomal recessive disorder caused by damaging mutations in the 

gene for UGT1A1, the hepatic enzyme responsible for bilirubin conjugation in humans. Clinical 

genetic testing was unable to identify a known pathogenic UGT1A1 mutation in this child. 

Instead, a novel homozygous variant resulting in an in-frame deletion, Val275del, was noted. 

Sanger sequencing demonstrated that this variant segregated with the disease phenotype in 

this family. We further performed functional testing using recombinantly expressed UGT1A1 

with and without the patient variant, demonstrating that Val275del results in a complete lack of 

glucuronidation activity, a hallmark of CN-I. Sequence analysis of this region shows a high 

degree of conservation across all known catalytically active human UGTs, further suggesting 

that it plays a key role in the enzymatic function of UGTs. Finally, we note that the patient’s 

ethnicity likely played a role in his variant being previously undescribed, and advocate for 

greater diversity and inclusion in genomic medicine. 
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Introduction 

Uridine diphosphate glucuronosyltransferases (UGTs) comprise a superfamily of 

enzymes that conjugate a variety of endogenous and exogenous molecules with the glucuronyl 

group from the donor UDP-glucuronic acid. Mostly, this conjugation reaction reduces 

lipophilicity and results in excretion of these compounds from the human body (Hu et al., 

2016). It is increasingly recognized that polymorphisms in UGTs can not only affect the 

metabolism rate of a variety of medications, but could also predispose their carrier to a variety 

of malignancies, possibly by altering the processing of potential carcinogens (Hu et al., 2016; 

Sanchez-Dominguez et al., 2018). Understanding the enzymatic function of UGTs, therefore, is 

of key importance to a variety of fields including pharmacogenomics, drug development, cancer 

risk assessment and cancer therapeutics. 

Among known UGT enzymes, the UGT1 and UGT2 families are the most biologically 

relevant.  UGT1A1 in particular has been well studied due to its unique role as the sole enzyme 

in humans responsible for the conversion of bilirubin into its more water-soluble mono- and di-

glucuronidated forms, both of which are readily excreted into bile (Erlinger et al., 2014; Memon 

et al., 2016). Although the enzyme is involved in the metabolism of various other endogenous 

and exogenous substrates, the study of UGT1A1 mutations in patients with hyperbilirubinemia 

has greatly contributed to our understanding of the enzymatic function of UGTs. 

Mutations in the coding region of UGT1A1 can lead to Crigler-Najjar syndrome (CN), 

whereas mutations in the promoter region can result in reduced enzyme expression and the 

milder unconjugated hyperbilirubinemia seen in Gilbert syndrome. Type I CN (CN-I), with 

complete absence of hepatic UGT1A1 activity, is potentially fatal. These children present in the 
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first few days of life with severe jaundice and extremely elevated bilirubin of greater than 20 

mg/dL (normal <1 mg/dL), placing them at high risk for kernicterus and neurologic impairment. 

They are managed with intensive phototherapy, typically 12 hours daily, which converts trans-

bilirubin to its more water-soluble cis-bilirubin isomer. This therapy has significantly improved 

survival, though skin thickening due to chronic phototherapy typically occurs in the teenage 

years, rendering phototherapy ineffective. Currently, the only definitive treatment for CN-I is 

liver transplantation (Fagiuoli et al., 2013). Type II CN (CN-II) is characterized by a partial 

reduction in enzyme activity, typically resulting in a later presentation with jaundice and 

bilirubin levels of <20 mg/dL. Patients with CN-II can be managed with phenobarbital, which is 

able to increase the effective activity of their defective enzyme by boosting total UGT1A1 

expression, whereas CN-I patients, having completely absent enzyme activity, have no response 

to phenobarbital. 

To date, mutations affecting 34 distinct amino acid residues of UGT1A1, either in the 

homozygous or compound heterozygous state, have been associated with CN-I, as noted from 

the Human Gene Mutation Database (Stenson et al., 2014). Here we describe the case of a 

Sudanese boy with clinical features of CN-I, but without a known pathogenic mutation in 

UGT1A1. This led us to evaluate a novel variant in his UGT1A1 gene, Val275del, including an 

expression of a recombinant UGT1A1 that carries the Val275del variant and analyzing its 

enzyme activity to demonstrate pathogenicity. The identification of this new CN-I variant 

contributes to our understanding of the function of UGT1A1 specifically, as well as to the UGT 

family of enzymes in general. 
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Materials and Methods 

The study protocol was approved by the Yale University Institutional Review Board, and written 

informed consent was obtained from the family. DNA was isolated from saliva samples 

collected from the patient, parents and all siblings (DNAGenotek, Ottowa, ON). The following 

PCR oligonucleotides were used for Sanger sequencing: 

5’ tttctgtgcgacgtggttta 3’ 

5’ gggctagttaatcgatccaaa 3’ 

Mutagenesis and Production of Recombinant UGT1A1 proteins: 

Expression of wild type (WT) UGT1A1 in insect cells as a C-terminal His-tagged protein 

has previously been described (Kurkela et al., 2003). To express the variant protein described in 

this study, the V275del mutation was introduced in the pFastBac-UGT1A1-XHC (WT) plasmid 

using QuikChange (Stratagene, LaJolla CA), with the following PCR oligonucleotides: 

5’ catcatgcccaatatggtttttggtggaatcaactgcct 3’   

5’ aggcagttgattccaccaaaaaccatattgggcatgatg 3’ 

The entire coding region of the resulting UGT1A1-V275del cDNA was sequenced. Recombinant 

baculovirus was then used to infect Sf9 insect cells as previously described and crude 

membrane homogenates of the cells were prepared for the activity assays (Kurkela et al., 

2003). Protein concentrations were measured using Pierce BSA Protein Assay Kit (Thermo 

Scientific, Rockford, IL) and Western blotting was done to confirm proper recombinant protein 

expression using Tetra-His antibody (QIAGEN, Hilden, Germany) against the C-terminal His-tag. 

UGT1A1 Activity Assays: 
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Figure Legends: 

Figure 1: (A) Sanger sequencing chromatograms demonstrating homozygous reference (top 

panel, from patient’s sister), homozygous V275del (middle panel, from patient) and 

heterozygous (bottom panel, from patient’s father) genotypes. (B) Pedigree showing patient 

with homozygous V275del as black box; heterozygous individuals are noted in gray and 

homozygous reference individuals in white. (C) Multiple species alignment of UGT1A1 protein 

sequence showing the region containing Val275. Residues with amino acids identical to the 

human sequence are highlighted in yellow. (D) Aligned sequence of all functional human UGTs 

in the region of Val275 of UGT1A1.  Color codes of residues indicate nature of side chains:  red = 

small + hydrophobic (A, V, F, P, M, I, L, W), blue = acidic (D, E), magenta = basic (R, K), green = 

hydroxyl + sulfhydryl + amine + G (S, T, Y, H, C, N, G, Q). 

 

Figure 2: (A) Western blot showing normal migration of V275del and wild type (WT) UGT1A1 

proteins expressed in Sf9 cells. (B) Table of glucuronidation enzyme activity of WT and V275del 

proteins (n=3 in triplicates).  4-MU = 4-methylumbelliferone. 
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Human RSDFVKDYPRPIMPNMVFVGGINCLHQNPLSQ 288 
Macaca RSDFVKDYPRPIMPNMAFIGGINCLHQSPLSQ 288 
Cow RSDFVFNFPRPIMPNIVFVGGINCASKKPLSQ 288 
Dog RGDFVLDYPRPIMPNMFFIGGINCANRKPLSQ   288 
Mouse RSDFVKDYPRPIMPNMVFIGGINCLQKKPLSQ 290 
Rat RNDFVKDYPRPIMPNMVFIGGINCLQKKALSQ 290 
Chick RYDFVLDYPRPLMPNIIVVGGINCAHK-QLPQ 287 
Xenopus RVDFVFDYPRPVMPNMVYIGGINCAGTKPLSQ   286 
Zebrafish RYDFAFEFPRPQMPNMVQIGGINCVKRAPLTK 286 
Drosophila NAHRSIDLPRPSMPGLIDVGGAHIQKPKQLPT 284 

B
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Figure 1
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- 50 kDa

- 75 kDa

WTV275del

 

 

Substrate  UGT1A1 
pmol/mg/min ± S.D. 

UGT1A1-V275del 
 

4-MU, 25 µM  

4-MU, 250 µM 

70 ± 2 Not detected 

453 ± 12 Not detected 

   

β-estradiol, 10 µM 

β-estradiol, 100 µM 

100 ± 9 Not detected 

344 ± 21 Not detected 

A B

Figure 2
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