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 2 

Generation and confirmation of Lyplal1 KO mice 3 

Five single guide RNA (sgRNA) targets were identified for testing in exon 1 4 

Ensembl.org exon id=ENSMUSE00000375205 with the algorithm described by Hsu and 5 

colleagues [1] and cloned into plasmid pX330 (Addgene.org plasmid #42230, a kind gift 6 

of Feng Zhang; [2]) as described [3]. One sgRNA and protospacer adjacent motif (PAM) 7 

with the highest chromosome cleavage activity and a high specificity prediction was 8 

selected for generation of Lyplal1 KO mice: 5’ GGGACACCACACAACGCGGC 3’ PAM: 9 

AGG. Mouse zygote microinjection was carried out as described (Becker and Jerchow, 10 

2011). Animals were housed in an AAALAC accredited facility in accordance with the 11 

National Research Council’s guide for the care and use of laboratory animals. 12 

Procedures were approved by the University of Michigan’s Institutional Animal Care & 13 

Use Committee. pX330 plasmid DNA expressing the active sgRNA was purified with an 14 

endotoxin free kit (Qiagen, Germantown, Maryland). Plasmid DNA concentration was 15 

adjusted to 5 ng/ul for pronuclear microinjection (Mashiko et al., 2013). Mouse zygotes 16 

for microinjection were obtained by mating superovulated C57BL/6J females with males 17 

of the same strain (Jackson Laboratory stock no. 000664). Mouse zygotes (457) were 18 

microinjected and those that survived injection (395) were transferred to 19 

pseudopregnant females. Genomic DNA was isolated from tail tip biopsies of 65 20 

potential founders that were born and analyzed for CRISPR/Cas9 induced indels with 21 

CEL I endonuclease. A total of 26 G0 mouse pups (40%) were identified as carrying 22 

mutations in Lyplal1. The efficiency of the producing mutant mouse founders exceeded 23 

the efficiency of producing transgenic mice carrying random integrations of DNA 24 

transgenes by a factor of four (Fielder and Montoliu, 2011). G0 founders were then bred 25 

for germline transmission. Mice containing a deletion of one nucleotide at position 33 of 26 

the ORF encoding Lyplal1 were selected, and the mutation was bred to homozygosity to 27 

produce the mouse line named Lyplal1 em1Espel. 28 

After backcrossing to C57BL/6J animals 5 times, we mated Lyplal1 em1Espel 29 

(Lyplal1 KO) mice with WT C57BL/6J mice to yield Lyplal1+/ em1Espel (Lyplal1 Het) 30 

animals. The Lyplal1 KO mice were crossed to littermates to create mixed litters of WT, 31 
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Lyplal1 Het, and Lyplal1 KO mice for creation of experimental cohorts. The expected 32 

1:1:2 ratio of WT:Lyplal1 KO: Lyplal1 Het mice was obtained as well as a 1 : 1 ratio of 33 

males and females, indicating no negative selection of the Lyplal1 mutation. 34 

Experimental cohort litters were separated by sex, but genotypes were co-housed 35 

throughout the study. 36 

Genotypes of the mice were determined by PCR of genomic DNA. Genomic DNA was 37 

isolated from a small piece of tail tissue obtained at the time of weaning and ear tagging 38 

utilizing the HotShot alkaline lysis method 54. PCR was done for 45 cycles with 39 

annealing temperature of 58 ºC using Promega GoGreen Mastermix with an Eppendorf 40 

Mastercycler Pro thermocycler. The PCR product was electrophoresed on a 1% 41 

agarose gel containing SYBR Safe with TAE running buffer. Amplified PCR products 42 

were visualized by blue light illumination and the 504/505 bp bands were excised and 43 

the amplified PCR product purified using the Wizard SV Gel and PCR Clean-Up kit 44 

(Promega, Madison, WI, USA). Extracted DNA was Sanger sequenced at the University 45 

of Michigan Advanced Genomics Core and analyzed for presence of the single base 46 

pair deletion using DNAStar LaserGene SeqMan Pro 15. The following primers 47 

purchased from IDT (Coralville, IA, USA) were utilized for both PCR amplification from 48 

extracted tail DNA and Sanger DNA sequencing: forward primer 5’ 49 

GAGCTGAGCACTCCTTCGTC 3’ and reverse primer 5’ 50 

CTGGTCGACCCTGAAACAGT 3’. 51 

 52 

Comprehensive Laboratory Animal Monitoring System (CLAMS): 53 

CLAMS provided quantitative measurements of VO2 (mL/Kg/hr) and VCO2 54 

(mL/Kg/hr) as measured every 5 seconds with a chamber sampling frequency of every 55 

20 minutes. Additionally, total activity was measured from sampling at 1 second 56 

intervals (counts/hour) and food intake (grams) were also calculated. These quantitative 57 

measurements of VO2 and VCO2 were utilized to calculate the respiratory exchange 58 

ratio (RER) from the following formula: 
VCO  

    
 . An RER of 1 indicates more carbohydrate 59 

metabolism (
     

    
  ) compared to lipid metabolism, while an RER of 0.7 indicates 60 

more lipid metabolism than carbohydrate metabolism (
     

    
    ). Energy expenditure 61 
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(kcalorie/kglean body mass/hr) was calculated from (3.91 x VO2) + (1.10 x VCO2)-(1.93 x n), 62 

fat oxidation (g/kglean body mass/hr) was calculated from (1.69 x VO2)-(1.69 x VCO2)-(2.03 x 63 

n), and glucose oxidation (g/kglean body mass/hr) was calculated from (4.57 x VO2)-(3.23x 64 

VCO2)-(2.60 x n), where n = urinary nitrogen.  65 

 66 

Western blot: 67 

Kidney tissue samples (0.1g) were homogenized in 1X Radioimmunoprecipitation 68 

assay (RIPA) buffer (1 ml of : 25mM Tris-HCl pH 7.6, 150mM NaCl, 1% NP-40, 1% 69 

sodium deoxycholate, 0.1% SDS) supplemented with 1X Halt protease and 70 

phosphatase inhibitor cocktail (Thermo Fisher Scientific, Rockfold, IL, USA) and 1mM 71 

phenylmethylsulfonyl fluoride (PMSF) using a Benchmark D1000 Handheld 72 

Homogenizer (Benchmark Scientific, Edison, NJ, USA) and centrifuged at 10,000 x g for 73 

10 minutes at 4°C. Total protein concentration of the supernatant was determined by 74 

comparison to a bovine serum albumin (BSA) standard using the bicinchoninic acid 75 

(BCA) assay kit (Catalog No. 23225, Pierce ThermoScientific, Rockford, IL, USA). 76 

Protein extracts from kidney were used to perform SDS-PAGE and transferred to 77 

nitrocellulose membranes using standard protocols. Nitrocellulose membranes were 78 

blocked with 3% goat serum, 1% BSA in 1X Tris-buffered saline with 0.1% Tween 20 79 

(TBST) for 1 hour at room temperature followed by incubation with one of the following 80 

primary antibodies diluted in 3% goat serum, 1% BSA in TBST overnight at 4ºC: rabbit 81 

anti-Lyplal1 (Proteintech Group, Rosemont, IL, USA; Catalog #: 16146-1-AP; RRID: 82 

AB_2138521; 1:400) and mouse anti-GAPDH (Proteintech Group, Rosemont, IL, USA; 83 

Catalog #: 60004-1-lg; RRID:AB_2107436; 1:5000). Following three 5-minute washes in 84 

TBST, membranes were incubated with the appropriate secondary antibodies diluted in 85 

3% goat serum, 1% BSA in TBST: goat anti-rabbit (Thermo Fisher Scientific, Rockfold, 86 

IL, USA; 1:10,000) and goat anti-mouse (Thermo Fisher Scientific, Rockfold, IL, USA; 87 

1:10,000). Following three final 5-minute washes in TBST, the blots were developed 88 

using Supersignal west Pico plus Chemiluminescent substrate (Catalog No. 34580, 89 

Thermo Scientific, Rockfold, IL, USA) and then, visualized using the 90 

chemiluminescence function on a GE Healthcare Amersham AI 600 RGB imager. 91 
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 92 

Histology and Immunochemistry:   93 

The tissue sections were stained as follows: 94 

Hematoxylin and Eosin (H&E) staining: Following deparaffinization and 95 

dehydration with xylene and graded alcohols, formalin-fixed, paraffin embedded (FFPE) 96 

slides were stained with Harris hematoxylin (ThermoFisher Scientific, Cat# 842), 97 

differentiated with Clarifier (ThermoScientific, Cat#7401), blued with bluing reagent  98 

(ThermoFisher Scientific, Cat#7301), stained with eosin Y, alcoholic (ThermoFisher 99 

Scientific, Cat# 832), then dehydrated and cleared through graded alcohols and xylene 100 

and sealed with a coverslip and Micromount (Leica cat# 3801731, Buffalo Grove, IL) 101 

using a Leica CV5030 automatic coverslipper. 102 

Masson’ Trichrome Staining: All reagents were obtained commercially from 103 

Rowley Biochemical Inc (Danvers, MA), unless otherwise noted. Briefly, following 104 

deparaffinization and dehydration with xylene and graded alcohols, formalin-fixed, 105 

paraffin embedded (FFPE) slides were mordanted in Bouin’s Fixative (F-367-1) for 1 106 

hour at 56°C.  After a thorough rinse in water, slides were placed in Biebrich Scarlet-107 

Acid Fuchsin (F-367-3) for 15 minutes at room temperature (RT), Phosphotungstic-108 

Phosphomolybdic Acid (F-367-4) for 15 minutes at RT, and Aniline Blue stain (F-367-5) 109 

for 8 minutes at RT.  Slides were then dehydrated and cleared through graded alcohols 110 

and xylene and sealed with a coverslip and Micromount (Leica cat# 3801731, Buffalo 111 

Grove, IL) using a Leica CV5030 automatic coverslipper.   112 

Periodic Acid Schiff Staining with and Without Diastase: All reagents were 113 

obtained commercially from Rowley Biochemical Inc (Danvers, MA), unless otherwise 114 

noted. Two sets of serial sections were stained, one treated with Diastase Digestion and 115 

one without. Briefly, following deparaffinization and hydration with xylene and graded 116 

alcohols, formalin-fixed, paraffin embedded (FFPE) slides designated for Diastase 117 

Digestions were incubated for 1 hour at 37°C in freshly prepared 0.1% Diastase 118 

Solution (Diastase Powder (E-340-1) in Phosphate Buffer, pH 6.0 (E-340-2)). The other 119 

set remained in Deionized Water. All slides were oxidized in 0.5% Periodic Acid 120 
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(Rowley SO-391) then placed in Schiff Reagent (Newcomer Supply, 1371C) for 15 121 

minutes at RT. The color was developed in warm water for 5 mins. Finally, slides were 122 

counterstained with Harris hematoxylin (ThermoFisher Scientific, Cat# 842), 123 

differentiated with Clarifier (ThermoScientific, Cat#7401), blued with bluing reagent 124 

(ThermoFisher Scientific, Cat#7301), then dehydrated and cleared through graded 125 

alcohols and xylene and sealed with a coverslip and Micromount (Leica cat# 3801731, 126 

Buffalo Grove, IL) using a Leica CV5030 automatic coverslipper. 127 

All the slides were scanned by the Department of Pathology, University of 128 

Michigan. Brightfield images were taken at 20X using an Aperio AT2 scanner (Leica 129 

Biosystems, Buffalo Grove, IL) and visualized using Aperio ImageScope - Pathology 130 

Slide Viewing Software. Leica’s proprietary format, SVS, was used to store and transmit 131 

the images between the Aperio AT2 scanner and the ImageScope viewer on viewing 132 

station. 133 

 134 

Assessment of liver pathology:  135 

Quantitative histomorphometry analysis of hepatic steatosis was performed as follows. 136 

The goal of this histologic analysis was to accurately quantitate macrovesicular 137 

steatosis content per liver section. A data analysis workflow to quantitatively assess 138 

hepatic steatosis in formalin-fixed, paraffin embedded liver tissue slides stained with 139 

Hematoxylin and Eosin (H&E) was developed using the KNIME (KoNstanz Information 140 

MinEr) [4] analytics platform that incorporates multiple image analysis tools including 141 

ImageMagick (ImageMagick Studios LLC, Landenberg, PA), Ilastik [5, 6], and 142 

CellProfiler [7, 8]. Macrovesicular steatosis appears as circular open structures in the 143 

H&E-stained slides. The SVS image files from scanned H&E liver tissue slides were 144 

split into approximately 100 tiles using ImageMagick. Ilastik was used for semi-145 

supervised machine learning to train a random forest model to detect macrovesicular 146 

steatosis via interactive selection of lipid droplets as a positive class and 147 

vasculature/sinusoid as well as background areas as negative classes. The trained 148 

Ilastik ML (Machine Learning) model was used to generate probability maps for 149 

macrovesicular steatosis across the entire slide set. Probability maps were also 150 
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generated in a similar manner for the identification of nuclei. The original image tiles and 151 

corresponding steatosis and nuclear probability maps were loaded into a CellProfiler 152 

pipeline where the lipid droplets were identified and measurements of lipid droplet 153 

size/shape, number of nuclei, total tissue area and staining intensity were quantified. 154 

Objects identified as lipid droplets by CellProfiler from the steatosis probability maps 155 

were filtered by degree of roundness (as measured by form factor) and lipid droplet size 156 

with a cut-off of greater than 0.8 form factor and 10-50 µm diameter denoting positive 157 

identification of macrosteatotic lipid droplets. CellProfiler output was generated as CSV 158 

files that tabulated each object identified. The pipelines utilized for these analyses can 159 

be found at the following link: https://github.com/SextonLab/LYPLAL1. The KNIME analytics 160 

platform was used to join the CSV files for the individual objects, associate metadata 161 

(slideID, animalID and genetic condition) and to summarize steatosis per tissue area 162 

and percentage of steatotic cells per animal. 163 

 164 

Supplemental Figures & Legends 165 

https://github.com/SextonLab/LYPLAL1
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Supplemental Figure 1: Western blot analyses of kidney tissue confirmed lack of 167 

LYPLAL1 protein in Lyplal1 KO mice. Western blot from kidney tissue lysate of WT 168 

and Lyplal1 KO mice probed with antibodies against LYPLAL1 and GAPDH confirm loss 169 

of LYPLAL1 protein in Lyplal1 KO animals. Three mice from each genotype and sex are 170 

shown. Spectra Multicolor Broad Range Protein Ladder, LYPLAL1 (26 KDa) and 171 

GAPDH (37 KDa) are shown in the blots. Figure 1B is composed of these two blots 172 

cropped to depict LYPLAL1 and GAPDH. The two gels are divided using a solid black 173 

line between the chow and HFHS blots. 174 

(A) Mice that were fed a chow diet (Western blot Exposure time = 1.1secs). (B) Mice 175 

that were fed HFHS diet (Western blot Exposure time = 1.3secs). 176 

 177 
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Supplemental Figure 2: Disruption of Lyplal1 does not change the amount of liver 179 

glycogen in mice on HFHS diet. 180 

(A) Representative brightfield images of PAS and PAS-D-stained sections of liver tissue 181 

from mice on HFHS diet. Pathology scoring of these images did not reveal significant 182 

changes in liver glycogen between genotypes. 183 

(B-C) Biochemical analyses of liver glycogen were not different by genotype and sex (B) 184 

or by sex combined analyses (C). 185 

Data are depicted as the as mean ± SD. *, p<0.05; **, p<0.01; ***, p<0.001. 186 
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Supplemental Figure 3: Disruption of Lyplal1 does not change the amount of liver 188 

glycogen in mice on chow diet. 189 

(A) Representative brightfield images of PAS and PAS-D-stained sections of liver 190 

tissue from mice on chow diet. Pathology scoring of these images did not reveal 191 

significant changes in liver glycogen between genotypes. 192 

(B-C) Biochemical analyses of liver glycogen were not different by genotype and 193 

sex (B) or by sex combined analyses (C). 194 

Data are depicted as mean ± SD and are from n=16 mice on chow diet (females: 3 195 

WT & 8 Lyplal1 KO, males: 2 WT & 3 Lyplal1 KO). *, p<0.05; **, p<0.01; ***, 196 

p<0.001. 197 

 198 
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