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Human ApolipoproteinB (ApoB) exists in two isoforms that are packaged into low density lipoprotein particles and are major contributors
to atherosclerosis. Alternatively, Drosophila Apolipoprotein Lipophorin (ApoLpp) also exists in two isoforms packaged into lipoprotein
particles that cross the blood-brain barrier (BBB) in second instar larvae where they deliver lipids to neuroblasts. To extend our under-
standing of ApoLpp function to adult brains and suggest new hypotheses for human ApoB, we document evolutionary conservation be-
tween the two N-terminal isoforms human ApoB48 and fly ApoLppll. Then our tissue-specific analyses including rescue of apolpp
lethality and apolpp RNAi showed that apolpp expression in the fat body is both necessary and sufficient for survival to adulthood.
Our imaging studies of Apolpp in the adult brain employed endogenous isoform-specific tagged proteins generated by the Fourth
Chromosome Resource Project. Images revealed that both ApolLpp isoforms are present in the adult brain with ApoLppll accumulation
prominent near glia. Nanobody morphotrap experiments that blocked tagged ApolLpp at the BBB demonstrated that ApolLpp detected
inside the adult brain is exogenous. An N- and C-terminal tagged ApolLpp transgene expressed solely in the fat body facilitated tracking
of each isoform from fat body secretion to the BBB and then inside the adult brain. Overall, our data suggest that the known role of
Apolpp in lipid delivery to larval brains likely continues in adults. Strong conservation between ApolLppll and ApoB48 supports the hy-
pothesis that ApoB48 may have a role in the brain outside the circulatory system.
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Introduction density lipoproteins and ApoB48 the primary in ultralow density
lipoproteins. In colloquial terms, ApoB isoforms contribute to
two types of “bad cholesterol.” Heterozygosity for pathogenic mu-
tations in APOB is the cause of 5% to -10% of cases of familial
hypercholesterolemia (Beheshtiet al. 2020). No roles for ApoB out-
side the circulatory system are known.

However, evidence of potential roles for human ApoB outside
the circulatory system is accumulating. In humans, mutations
in APOB and circulating levels of ApoB have been associated
with cognitive impairment: (i) loss of function mutations in
APOB are among the causes of familial Alzheimer’s disease

The Apolipoprotein (Apo) family, in humans and other species is
not a traditional protein family where all members share se-
quence similarity derived from a common ancestor. Instead,
Apo is a family that investigators defined based on the ability to
bind lipids. As organisms utilize lipids in a myriad of ways, this
function originated multiple times during the course of life on
earth. Thus, except for recent gene duplications, Apo proteins in
a single species are only tenuously connected to each other in
intraspecific trees. However, a homologous relationship thatis ac-

tively maintained by selection for a specific function should be vis- (Aumont-Rodrigue et al. 2024), (i) high serum ApoB levels are con-
ible in interspecific trees. nected to greater risk of dementia (Gongetal. 2022), and (iii) a high

The APOB gene is unique among human Apo family members. ratio of ApoB/ApoA1 in circulation predicts the extent of dimin-
Its 14 kb mRNA encodes the largest human Apo family memberby  jshed mental capacity in stroke patients (Lee et al. 2023). In ro-
an order of magnitude, a 4,563 amino acid isoform called dents, studies of adult rat brains showed ApoB in a complex
ApoB100. Another novel feature of APOB is that its mRNA under- with the Low Density Lipoprotein (LDL) receptor on glia
goes editing to convert cytosine to uracil at nucleotide 6,538. (Jung-Testas et al. 1992) and in an in vitro model the mouse LDL
Editing converts a normally translated CAA codon to a stop codon, receptor was shown to transcytose the blood-brain barrier (BBB)
creating an N-terminal 2,180 amino acid isoform called ApoB48. (Dehouck et al. 1997). These studies suggest the hypothesis that
Editing occurs in the liver where ApoB48 is the exclusive form ApoB transits the BBB to perform an unknown role in brain.

and in the gut where ApoB100 and ApoB48 are generated Upstream of APOB, the brain has a role with glucagon like
(Higuchi et al. 1988). Both ApoB isoforms are secreted into the peptide-1 (GLP-1) signals from the hypothalamus regulating
bloodstream where ApoB100 is the primary protein in very low ApoB liver and gut expression and secretion (Farr et al. 2015).
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The possibility that studies of Apolipoprotein Lipophorin
(Apolpp) can be employed to suggest hypotheses for ApoB is
based on known similarities between the two. Among these are
that ApoLpp is also large (3,350 amino acid) and subdivided, in
this case by furin cleavage, to create N-terminal (ApoLppll) and
C-terminal  (Apolppl) isoforms. ApoB48 and ApoLppll
N-terminal isoforms both contain a Vitellogenin domain
(pfam09172). In humans and flies the N-terminal isoform and
full length proteins are incorporated into circulating lipoprotein
particles. However, to date only in fly second instar larvae do par-
ticles containing ApoLpp cross the BBB to deliver lipids to neuro-
blasts (Brankatschk and Eaton 2010). Particles containing the
ApolLpp sibling Apolipoprotein Lipid Transfer Particle (ApoLTP)
also cross the BBB during second instar to deliver lipids to insulin
producing neurons (Brankatschk et al. 2014).

To extend our understanding of Apolpp brain function to
adults and perhaps provide evidence for a hypothesis that human
ApoB has a role in the brain, we established an evolutionary con-
nection between the N-terminal isoforms ApoB48 and ApoLpplI.
Then our rescue studies showed that ApoLpp from the fat body,
an organ functionally analogous to the ApoB expressing liver
(Uguretal. 2016; Meschi and Delanoue 2021), is necessary and suf-
ficient for flies to survive beyond the apolpp mutant embryonic
lethal phenotype. Imaging studies of ApoLpp indicated that both
N- and C-terminal isoforms are present in the adult brain.
Morphotrap studies with tagged Apolpp blocked at the BBB
demonstrated that the ApoLpp in the adult brain is exogenous.
Utilizing an N- and C-terminal tagged version of Apolpp ex-
pressed solely in the fat body, we tracked both isoforms from fat
body secretion to the BBB and into the adult brain. Overall, the
fly data suggest that the previously known role of ApoLpp in se-
cond instar lipid delivery to the brain persists through third instar
to adulthood. Our phylogenetic data connecting ApoLppll and
ApoB48, supports the hypothesis that ApoB can transit the BBB
to perform a function in the brain.

Materials and methods

Phylogenetics of human, fly and nematode
Apolipoproteins

Human sequences

Twenty-three human Apo proteins were identified by name in
Uniprot (uniprot.org). Reference sequences were downloaded
(ncbi.nlm.nih.gov/refseq) and their structural domains retrieved
(pfam-legacy.xfam.org). The ApoB sequence was divided and ana-
lyzed separately as ApoB48 (Higuchiet al. 1988) and the remainder
of ApoB100 that we named ApoB52. Microsomal Triglyceride
Transfer Protein (MTTP) was chosen as the outgroup since it has
a similar function but not the Apo name. Splitting ApoB plus the
outgroup yielded 25 human sequences.

Fly sequences

Eight fly Apo proteins were identified via the DIOPT function in
Flybase, the longest reference sequence downloaded and structural
domains retrieved. The ApoLpp and ApoLTP sequences were divided
and analyzed separately as isoforms generated by furin cleavage.
Isoform naming followed Brankatschk and Eaton (2010) with
N-terminal isoforms ApoLppll and ApoLTPIl, and C-terminal iso-
forms ApoLppl and ApoLTPI. Fly Microsomal triacylglycerol transfer
protein (Mtp) was recovered by BLASTp as the homolog of human
MTTP and employed as the outgroup. Splitting Apolpp and
ApoLTP plus the outgroup yielded 11 fly sequences.

Nematode sequences

Nine nematode Apo proteins were identified via structural do-
mains in WormBase, the longest reference sequence downloaded
and structural domains retrieved. Each of the Vit-1 through Vit-6
sequences was divided as predicted by a furin consensus cleavage
site conserved in ApoLpp and ApoLTP. The naming convention for
ApoLpp was applied. For example, for Vit-1 the N-terminal region
was named Vit-1II and the C-terminal region was named Vit-11.
The outgroup was Microsomal triacylglycerol transfer protein
(Dsc-4) due to its similar function, but it is not the homolog of ei-
ther the human or fly outgroup by reciprocal BLASTp. Splitting of
Vit-1 through Vit-6 plus the outgroup yielded 16 nematode
sequences.

Phylogenetics

Analyses were conducted in MEGAX (Kumar et al. 2018). Protein
sequences were aligned with default settings using MUSCLE
(Edgar 2004). Complete Deletion, the most conservative method
for handling gaps was employed with the alignments for each spe-
cies and the two species pairs (human-fly and fly-nematode) for
best-fit model selection (lowest Bayesian Information Criterion)
then Maximum Likelihood tree building. With Complete
Deletion, a position is considered noninformative and removed
from consideration if even one sequence in the alignment has a
gap at that position. For the alignment of all three species, the
Partial Deletion method was employed with an 80% cutoff for
best-fit model selection (lowest Bayesian Information Criterion)
and Maximum Likelihood tree building. With Partial Deletion, a
position that has a gap in up to 19% of the aligned sequences
was still considered informative and retained. In all trees, non-
parametric bootstrapping was applied with 500 replicates to as-
sess the relative strength of each node.

We took into account the fact that the absence of common an-
cestry violates two equality assumptions of the maximum likeli-
hood algorithm (equal rates of substitution in all sequences and
equal constraints on branch length; Dhar and Minin 2016). Note
these are not the core independence assumptions of the algorithm
(individual substitutions in a single sequence are independent of
all other substitutions in that sequence and substitutions in one
sequence are independent of substitutions in all other sequences;
Felsenstein 2004). Violations of the independence assumptions
would completely undermine the algorithm. The impact of equal-
ity assumption violations is less severe and we counterbalanced
the impact by consistently applying independent node validation.
Validation methods such as reciprocal BLASTp and identifying
shared structural domains were routine.

Stocks, mutagenesis, tissue-specific rescue of
apolpp lethality and RNAi

Stocks

Three UAS apolpp cDNA clones were obtained from Marko
Brankatschk (Biotec TU-Dresden; Brankatschk and Eaton 2010)
then injected by BestGene (www.thebestgene.com). Transformant
lines were obtained and mapped to a chromosome. Stocks desig-
nated as UAS. Apolpp.wt contain a wild type apolpp cDNA.
UAS.5’-HA-ApoLpp-Myc-3’ stocks contain a double tagged apolpp
cDNA. UAS.5-HA-ApoLpp-Myc furin-resistant stocks contain the
doubled tagged apolpp cDNA with a mutation in the furin cleavage
site. Five GAL4 stocks were utilized in rescue crosses: Repo.GAL4
glia (BL#7415), CG.GAL4 fatbody/hemocytes (Asha et al. 2003,
BL#7011), Mhc82.GAL4 muscle (Schuster et al. 1996), NPC1b.GAL4
gut (BL#95257) and R4.GAL4 fat body specific (Lee and Park 2004,
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BL#33832). apolpp®? is a 29 base pair (bp) deletion that removes the
initiator methionine (Tanaka et al. 2021). UAS.apolpp.RNAi
(BL#33388) was validated with ubiquitous expression employing
Da.GAL4 (Wodarz et al. 1995, BL#55851) to recreate the apolpp loss
of function lethal phenotype. Elav.GAL4 with neuronal specific ex-
pression (Luo et al. 1994, BL#458) was crossed to apolpp.RNAi as a
control for off target effects that showed there were none. Three
fourth chromosome balancers were: adult eye like Glazed from a le-
thal insertion in Gat (TI{GMR-HMS04515}Gat®?), fourth longitudinal
wing vein truncation from a lethal inversion in In(4)ci® (both in
BL#90852) and a lethal neural GFP enhancer trap (P{w+;
ActGFPJunc-13%; BL#4759).

Mutagenesis

For generation of new apolpp mutants, two gRNAs roughly 2.3 kb
apart on opposite sides of the furin cleavage site were selected
using CRISPR Optimal Target Finder (https:/flycrispr.org/target-
finder) and cloned into pU6-BbsI (Gratz et al. 2013). Plasmids ex-
pressing these gRNAs were injected into a vasa.Cas9-expressing
stock (BL#5491) by GenetiVision (genetivision.com). Fifteen G°
males were crossed to Pfw+; ActGFPJunc-13%/In(4)ci®. Ten F! males
of the genotype mutant?/In(4)ci® from each G° male were back-
crossed to Pfw+; ActGFPJunc-13%/In(4)ci® flies. After mating, each
F! male was subject to PCR with primers covering the gRNA tar-
gets. Sequencing identified 2 new mutant alleles.

gRNA 1 (C-terminal): 5-CTTCAATGGGCTGACGAAACCACG-3’

gRNA 2 (N-terminal): 5'-CTTCGGGAATAGAAGCGGAACATG-3’

PCR apolpp 1 (C-terminal) forward: 5-CTTCAATGGGCTGACG
AAACCACG-3’

PCR apolpp 1 reverse: 5'-AAACCGTGGTTTCGTCAGCCCATT-3’

PCR apolpp 2 (N-terminal) forward: 5'-CTTCGGGAATAGAAGCG
GAACATG-3’

PCR apolpp 2 reverse: 5'-AAACCATGTTCCGCTTCTATTCCC-3

Lethal phase analysis

To determine the lethal phase of apolpp transheterozygous loss of
function mutants, apolpp’®4/P{w+; ActGFPJunc-13¢ females were
crossed to apolpp®?®/P{w+; ActGFP}unc-13° males and eggs collected
on apple juice agar plates for 6 h. Fifty GFP-negative eggs were
picked and placed in rows on another agar plate. Twenty-five of
these eggs (apolpp”®*/apolpp®?®) hatched into first instar larvae
but died shortly thereafter without an increase in size. Of the 25
that did not hatch, five were subsequently noted as GFP-positive
and thus P{w+; ActGFPJunc-13° heterozygotes that were mispicked.
The remaining 20 apolpp”®*/apolpp®*® eggs appeared normal but
failed to hatch.

Tissue specific rescue of lethality

For the rescue experiment, males were employed with one of the
five GAL4 transgenes listed above on chromosome two over CyO
P{w; ActGFPJMR1 or on chromosome three over TM3 P{w[+m(]
=ACctGFPJJMR2 Ser and with apolpp'®® on chromosome four over
P{w+; ActGFPJunc-13°. These were crossed to females with one of
the three UAS.Apolpp transgenes on chromosome three over
TM6B P{w+; Ubi-GFP.S65T}PAD2 Tb with apolpp’®* on chromosome
four over P{w+; ActGFPJunc-13°. Three days after mating, eggs were
collected on apple juice agar plates for six hours. Two hundred
eggs were picked and placed on a gridded plate, then the eggs
and agar grid were transferred to a culture bottle with media.
This was done twice more for each GAL4/UAS combination.
Adults were scored over a 15-day period and GFP-negative indivi-
duals considered rescued with a genotype of GAL4 on

chromosome two or three, UAS on chromosome three and
apolpp’®?/apolpp’®* on chromosome four.

Tissue specific RNAi phenocopy of apolpp lethal phase

Twenty females carrying one of four GAL4 transgenes, Da.GAl4,
CG.GAL4, R4.GAL4 and Elav.GAL4 were crossed to 10 males with
UAS.apolpp.RNAi over TM6B P{w+; Ubi-GFP.S65TJPAD2 Tb. After
three passes in clear glass vials progeny (>100 third instar larvae
that became >100 adults) were scored as larvae and again as
adults for the presence or absence of the TM6b Tb phenotype
with surviving UAS.apolpp.RNAI individuals expected to show a
wild type phenotype at both stages.

Immunohistochemistry of larval and adult gene
and protein expression

Stocks apolpp

Three stocks with a distinct transgene in the apolpp locus were cre-
ated by the Fourth Chromosome Resource Project (FCRP). The
N-terminal tagged ApoLppll N-enhanced Green Fluorescent
Protein (eGFP) and transcriptional reporter apolpp T2A.GAL4 are
DoubleHeader conversions of an apolpp second intron CRIMIC
(CR70471-BL#9179; Stinchfield et al. 2024). ApoLppll N-eGFP
(BL#97744; Kyoto#118965) allows ApoLpplI to be visualized. apolpp
T2A.GAL4 includes an in-frame stop codon that terminates trans-
lation of the endogenous apolpp mRNA and a downstream internal
ribosome entry site that initiates the translation of GAL4 mRNA in
the expression pattern of the endogenous apolpp mRNA. When
crossed to flies carrying UAS.GFP, the progeny express GFP in the
pattern of the apolpp mRNA. The ApoLppll N-eGFP and apolpp
T2A.GAL4 transgenes are homozygous lethal and balanced over
Gat (T{GMR-HMS04515)Gat®?). ApoLppl C-eGFP was created by
the Gene Disruption Project via a scarless CRISPR exon swap of
the last coding exon that leaves behind the endogenous apolpp 3’
UTR (gift of Oguz Kanca and Hugo Bellen; Kanca et al. 2022). The
ApoLppl C-eGFP transgene is homozygous viable.

Stocks myo

Two stocks with a distinct transgene in the myoglianin (myo) locus
were created. Myo eGFP (BL#600215; Kyoto#118960) and myo
T2A.GAL4 were generated by the FCRP via DoubleHeader conver-
sion of a myo second intron CRIMIC (CR02262; BL#92207). The Myo
eGFP and myo T2A.GAL4 transgenes are homozygous lethal.
Additional stocks were 9-137.GAL4 (DeSalvo et al. 2014),
UAS.CD8.RFP (BL#27398) and UAS.nls.GFP (BL#4775).

Brain expression assays

Brains, fat body and body wall muscle from third instar larvae and
adults were dissected in cold phosphate-buffered saline (PBS) buf-
fer, fixed in 4% formaldehyde for 20 min, dehydrated in methanol
then stored —20 °C. They were then exposed to primary antibodies
to detect eGFP from an ApoLpp or Myo transgene, to detect
UAS.GFP driven by either apolpp or myo T2A.GAL4, or to detect
the HA or Myc tagged ApoLpp isoforms. Detection of UAS.RFP dri-
ven by 9:137.GAL4 was via direct luminescence without anti-
bodies. Brains were counterstained with antibodies against Repo
thatidentifies all glial nuclei or against Vvl thatidentifies BBB glial
nuclei. Antibody detection for eGFP in expression studies em-
ployed a modified TSA reaction (Stinchfield et al. 2024).
Antibody detection of eGFP in morphotraps employed only anti-
bodies as described (Goldsmith and Newfeld 2023). In tracking ex-
periments with UAS.5’-HA-ApoLpp-Myc-3’, HA was detected with
Roche rat 3F10, Myc detected with DSHB monoclonal mouse 9E
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—10, Vvl as described (previously known as Drifter; Tran et al.
2018) and DAPI in staining solution at 300 pM in PBS. Brains
were imaged on a Leica SP8 confocal microscope with slices ac-
quired every 2 um and analyzed in FJJI. Scale bars are provided.

Larval and adult morphotraps

Stocks

The primary morphotrap was M{w[+mC]=lexAop-UAS-morpho
trap.ext. mCh}ZH-35B/CyO (Harmansa et al. 2015, BL#68170). This
transgene encodes an UAS controlled fusion of the external por-
tion of the transmembrane protein CD8 to a nanobody against
GFP. We call this experimental morphotrap CD8-morpho. This
transgene effectively traps nearby GFP-tagged secreted proteins
at the outer membrane of any expressing cell. CD8-morpho was
driven in the BBB by 9-137.GAL4 and tracked by co-expression of
UAS.CD8.RFP, a combination that we call 9-137:RFP. As a negative
control, we employed another morphotrap M{w[+mC]=
lexAop-UAS-morphotrap.ext. nChjZH-86Fb (Harmansa et al. 2017,
BL#68173). This transgene encodes a nanobody to GFP fused to
the external portion of the transmembrane protein Nrvl that
only inserts into the membrane on the basolateral surface of polar-
ized epithelia. We call this control morphotrap Nrv-morpho. This is
a negative genotype control since the BBB is a squamous epithelia
providing no appropriate location for nanobody insertion.

Morphotrap genotypes and brain expression

Stocks homozygous for chromosome two insertions of
CD8-morpho with either ApoLppll N-eGFP or ApoLppl C-eGFP or
apolpp®*P balanced over TI{GMR-HMS04515)Gat¥* on chromosome
four were created. Companion stocks containing chromosome
two with 9-137:RFP balanced over CyO plus either ApoLppll
N-eGFP or ApoLppl C-eGFP or apolpp®P balanced over In(4)ci® on
chromosome four. Crosses produced progeny that were
CD8-morpho transheterozygotes with 9-137:RFP on chromosome
two and apolpp transheterozygotes on chromosome four. Four dis-
tinct CD8-morpho genotypes were generated to allow for morpho-
trap of either ApoLppll N-eGFP or ApolLppl C-eGFP or both. One
genotype was transheterozygous for ApoLppll N-eGFP/apolpp®*P.
The second was homozygous for ApoLppl C-eGFP. The third was
transheterozygous for ApoLppl C-eGFP/apolpp®'P. The fourth was
transheterozygous for ApoLppl C-eGFP/ApoLppll N-eGFP. eGFP
and Repo detected as above.

Results

Human ApoB48 is conserved in flies and
nematodes

Sequence conservation as revealed by phylogenetics has success-
fully predicted multiple conserved functions and regulatory me-
chanisms for cell signaling pathways (e.g. Konikoff et al. 2008
predicted Dupont et al. 2009). These studies employed alignments
and trees with human, fly and nematode proteins as their evolu-
tionary focus. We employed the same approach. Conservation
across these three species reveals the value of a protein for organ-
ismal survival such that natural selection maintained it during
the 700 million years since these species last common ancestor
(Kumar et al. 2022).

There are 23 human Apo proteins in the Uniprot database
(Supplementary Table 1). They range in size from 99 amino acids
(ApoC3) to 4,563 amino acids (ApoB), with all but ApoB below 450
amino acids. Similar variability exists in their subcellular location:
16 are secreted, four are cytoplasmic, three are transmembrane

including two in the mitochondrial inner membrane while one re-
mains a prediction. Family members are ApoA through ApoOL
and include the multi-member subfamilies ApoA, ApoC, and
ApoL. Note that ApoP is an apoptotic protein and excluded. Four
defined structural domains are found in multiple Apo proteins:
(i) pfam04711 in ApoA2 and ApoD, (ii) pfam01442 in ApoA1l/A4/
A5 and ApoE, (i) pfam09769 in ApoO and ApoOL, and (iv)
pfam05461 in ApoL1-6. The ApoL proteins reside contiguously
on chromosome 22q11.2. Two other Apo chromosomal contigs
contain proteins from multiple groups. These are: (i) ApoE,
ApoC1, ApoC4, ApoC2 on 19q13.32, and (ii) ApoAl, ApoC3,
ApoA4, ApoAS5 on 11g23.3.

We examined paralogous relationships via an alignment
(Supplementary Fig. 8; note all alignments are at the end of sup-
plementary material) and an intraspecific tree (Fig. 1). Since
strong protein clusters suggest a level of sequence similarity
that implies similar ancestry, we examined the tree for inform-
ative clusters. The tree shows that only ApoL proteins resemble
an ancestry-based subfamily (pfam05461). All members cluster
together and exclude other Apo proteins with three recent dupli-
cations evident. This fits well with the chromosomal contiguity of
ApoL proteins. For ApoC proteins, only ApoC2 and ApoC4 are a re-
cent duplication with ApoC3 and ApoC1 divergent. This is distinct
from ApoCl contiguity on the chromosome with ApoC2 and
ApoC4, suggesting divergent selection on the older ApoC1. For
ApoA proteins, ApoA2 is divergent in the tree and does not cluster
with ApoA1l, ApoA4 and ApoAS on the chromosome. The strength
of the node linking ApoA2 and ApoD (reinforced by results from
reciprocal BLASTp) indicates that they are a recent duplication
and that perhaps ApoA2 should be called ApoD2. The presence
of only ApolL as a true subfamily underscores the non-ancestral
nature of the human Apo protein family.

There are eight fly Apo proteins identified via DIOPT in Flybase
(Supplementary Table 2). They range in size from 157 to 4,333 ami-
no acids with two above 3,350 amino acids. The two largest
(ApoLpp and ApoLTP) are subject to furin cleavage creating
N-terminal (ApoLppll and ApoLTPIl) and C-terminal isoforms
(ApoLppI and ApoLTPI). Six proteins are secreted, one is cytoplas-
mic and one is in the mitochondrial inner membrane. Three struc-
tural domains shared with humans are: (i) pfam09172
Vitellogenin-N (ApoB with fly ApoLpp and Cv-d), (ii) pfam00061
Lipocalin (ApoM with fly CG31659/Fabp/Glaz/Nlaz), and (iii)
pfam09769 ApoO (ApoO/ApoOL with fly Mic26-27).

We examined paralogous relationships via an alignment
(Supplementary Fig. 9) and an intraspecific tree (Supplementary
Fig. 1). In the tree two strong clusters stand out. Glaz and Nlaz
are a recent duplication (as noted previously, Liu et al. 2017) and
the N-terminal isoforms ApoLppll and ApoLTPII. The cluster of
the C-terminal isoforms ApoLppI and ApoLTPI is distant and con-
siderably weaker. This scenario suggests divergent selection on
the N-terminal and C-terminal isoforms with the similarity of
ApoLppll and ApoLTPII maintained by selection.

To identify conservation between human and fly Apo proteins
we generated an interspecific alignment (Supplementary Fig. 10)
and a tree (Fig. 2). The tree has only two clusters that contain hu-
man and fly proteins. Within one, ApoB48 (N-terminal region of
human full length ApoB100) and the C-terminal region of
ApoB100 (called here ApoB52 that is not a biological isoform) are
linked. Intra-protein similarity between these regions was previ-
ously noted (Chen et al. 1986). The fly N-terminal regions,
ApoLppll and ApoLTPII are also clustered together and both are
linked with the ApoB48/ApoB52 cluster. The only other human
and fly cluster is human ApoF with fly Fabp. The remaining
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Fig. 1. Tree of 25 human Apolipoproteins. Maximum likelihood tree. The
percentage of bootstrap replicates (out of 500) in which the associated
node appeared is shown. Node values are for internal comparison only as
they do not measure statistical confidence. Branch lengths are to scale
and measured in the number of substitutions per site (a scale bar is
provided). ApoB48 and ApoB52 (C-terminal sequence of ApoB100) are
analyzed as separate sequences plus an outgroup. There are 171
informative positions in the underlying MUSCLE alignment
(Supplementary Fig. 8). Among the named groups only ApoL and ApoO
cluster unambiguously while ApoA and ApoC are dispersed.

proteins are in monospecific clusters suggesting only human
ApoB and ApoF predate the human and fly divergence. One note
of caution is that the similarity of human ApoA2 and ApoD from
their recent duplication, obscures in our trees the previously
noted similarity of human ApoD with fly Glaz and Nlaz. On the
other hand, confidence in the tree is bolstered by clustering of
the two outgroups that share pfam19444.

To further extend the reach of our evolutionary analysis, an inter-
specific tree of fly and nematode Apo proteins was generated. There
are nine nematode Apo proteins identified via WormBase
(Supplementary Table 3). The six Vit proteins are roughly 1,650 ami-
no acids, while the other three are roughly 250 amino acids. All six
Vit proteins contain a predicted furin cleavage site that is also pre-
sent in ApoLpp and ApoLTP. Thus, Vit-1 through Vit-6 likely are split
into isoforms to perform their function. We name the isoforms with
the convention of ApoLpp (Il is N-terminal and I is C-terminal). The
Vit furin cleavage site is also presentin the sole Vit protein in the dis-
tantly related nematode Pristionchus pacificus, called Vit-6
(KAF8354296) as it best matches Vit-6 in Caenorhabditis elegans.
Further evidence that Vit-6 is the original Vit protein in C. elegans
is that Vit-6 is on chromosome 4 while all the others are on the X
chromosome. Vit structural domains shared with Apolpp and
ApoLTP are: pfam09172 Vitellogenin-N (in the N-terminal isoform)
and pfam00094 von Willebrand type D (in the C-terminal isoform).
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Fig. 2. Human ApoB48 and fly ApoLppll are conserved. Tree as in Fig. 1.
There are 25 human (Hs) and 11 fly (Dm) sequences in the tree with both
outgroups. The two isoforms of human ApoB, fly ApoLpp and fly ApoLTP
are analyzed separately. There are 172 informative positions in the
alignment (Supplementary Fig. 10). Deep nodes shown as zero are
actually present one to four times (below the 1% bootstrap threshold for
500 replicates) and are the most frequent among the connected
sequences. Confidence in the tree is bolstered by the clustering of the two
outgroups at the bottom as the most divergent. Red bar indicates the
cluster containing human ApoB48 and ApoB52, fly ApoLppll and
ApoLTPII. The other interspecific cluster (human ApoF with fly Fabp) is
shown directly underneath but is not related.

The interspecific alignment (Supplementary Fig. 11) and tree
(Supplementary Fig. 2) with fly and nematode Apo proteins re-
veals that Vit-6II clusters with ApoLppll and ApoLTPIIl. The
Vit-1II through Vit-5II isoforms are in two nearby clusters. Vit-1I
through Vit-61 also cluster together, though at a distance from
the VitlI cluster. The Vit clustering pattern suggests multiple re-
cent rounds of gene duplication in the C. elegans lineage. There
are no other clusters of fly and nematode proteins indicating
that ApoLppll and ApoLTPII alone in flies are conserved in nema-
todes, as Vit-6II.

The lack of common ancestry among Apo proteins in each species
overwhelmed multiple approaches to constructing a tree from an
alignment of humans, flies and nematodes (Supplementary Fig.
12). Neither a tree of human and nematode nor a tree of all three spe-
cies was possible. Thus, by extension from the two interspecific
trees, we suggest that among human Apo family members ApoB
alone is conserved from a common ancestor with nematodes. In fair-
ness, we are not the first to note a connection between ApoB and Vit
proteins. This was suggested in a brief note nearly 40 years ago based
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on conserved structural domains (Baker 1988). For our purposes, evi-
dence of evolutionary conservation all the way to nematodes in-
creases the likelihood that new information about fly ApoLpplI will
suggest hypotheses for ApoB48 in humans.

ApolLpp fat body expression is necessary and
sufficient for survival to adult

Fly apolpp and human APOB are transcribed and secreted from the
fat body (Palm et al. 2012) and liver (Higuchi et al. 1988), respect-
ively. These are considered analogous tissues since they perform
many of the same roles in triglyceride storage, metabolism and
endocrine function (Ugur et al. 2016; Meschi and Delanoue
2021). We designed a pair of experiments to test the hypothesis
that ApoLpp fat body expression alone is necessary and sufficient
to rescue normally lethal apolpp mutant genotypes to adult.
Before embarking on these studies, we documented apolpp
transcription and ApoLpp translation in the larval fat body utiliz-
ing apolpp T2A.GAL4 and ApolLppl C-eGFP transgenes (described
below). Examining individual slices underlying the apolpp
T2A.GAL4 image indicated that all larval fat body cells transcribe
apolpp (Supplementary Fig. 3). The image of ApoLppl C-eGFP is
consistent with all fat body cells translating apolpp. We then deter-
mined the stage of lethality for apolpp loss of function mutants.
Three new lethal alleles of apolpp were generated by CRISPR:
apolpp”® (2 bp deletion leading to a truncation at amino acid
124 causing a severe shortening of ApoLppll and complete loss
of ApoLpplI), apolpp®?® (9 bp deletion within ApoLpplI plus 39 bp de-
letion within ApoLppI) and apolpp®'” (2 single base pair substitu-
tions leading to missense mutations plus a 9 bp deletion within
ApoLppll). The stage of lethality assay showed that these alleles
as transheterozygotes died either as embryos or first instar larvae.
The rescue studies were conducted with a more severe loss of
function genotype: apolpp®?/apolpp”®* (apolpp*®? has no initiator
methionine; Tanaka et al. 2021). Expression of wild type ApoLpp
in the fat body, with CG.GAL4, but no other tissue fully rescued
apolpp loss of function mutants to adults (17.8% observed versus
12.5% expected; Table 1). Fat body expression of a double-tagged
Apolpp rescued roughly one-third of expected adults. Expression
of a cleavage resistant form of ApoLpp did not rescue. However,
CG.GAL4 is also expressed in hemocytes and the lymph gland,
leading us to repeat the experiment with R4.GAL4 that is fat
body specific (Lee and Park 2004). We again obtained full rescue

with wild type ApoLpp (12.1% observed versus 12.5% expected).
These data show that fat body expression of ApoLpp is sufficient
for survival of apolpp genomic loss of function mutants to adult.

In the complementary experiment, we employed UAS.
apolpp.RNAI balanced over a chromosome with multiple larval
and adult visible markers (Stubble, Tubby, and Humeral). First,
to ascertain whether this transgene was capable of complete
knock down we drove it ubiquitously with Da.GAL4. This combin-
ation was completely lethal prior to the third instar larval stage,
thus recreating the lethal phase of apolpp loss of function mutants.
Second, to test for off-target effects we expressed apolpp.RNAI in
all neurons with Elav.GAL4 balanced over the marked chromo-
some. This combination had no effect on survival of experimental
larvae or adult progeny, these were each presentin their expected
Mendelian proportions. Third, we drove apolpp.RNAi in the fat
body with either CG.GAL4 or with R4.GAL4 to ascertain if expres-
sion in this specific tissue alone recreated the lethal phase of
apolpp loss of function mutants. In both cases, no experimental
third instar larvae were observed (Table 2). Failure to obtain larvae
indicates that fat body expression of apolpp is necessary for sur-
vival of wild type flies. Taken together the rescue and RNAI data
indicate that fat body expression is both necessary and sufficient
for survival. The results further suggest that the fat body is the
major source of ApoLpp.

To this point we know that ApoB and ApoLpp are: (i) both pro-
cessed to create functional N-terminal isoforms (ApoB48 and
ApoLppll), (i) their N-terminal isoforms are highly conserved,
and (iii) the tissues of origin for the N-terminal isoforms (liver
and fat body, respectively) perform similar roles in homeostasis.
These similarities add weight to our contention that new data
on ApoLppll will suggest new hypotheses for ApoB48.

ApoLpplI N-eGFP and ApoLppl C-eGFP are present
in adult brains

Based on the second instar larval data that ApoLpp has a function
in the brain (Brankatschk and Eaton 2010), we examined adult
brains for the presence of ApoLpp utilizing three transgenes gen-
erated by the FCRP (Stinchfield et al. 2024). Two are endogenous
eGFP tagged transgenes with ApoLppll N-eGFP tracking the
N-terminal isoform and ApoLppl C-eGFP tracking the C-terminal
isoform (possibly also full-length ApoLpp; Brankatschk and

Table 1. First instar lethality of apolpp mutants is rescued to adult only by fat body expression.

CG.GAL4 (fat body) Npcl.GAL4 (gut) Mhc.GAL4 (muscle) Repo.GAL4 (glia)
Adults  Rescue %2 Adults  Rescue % Adults  Rescue % Adults  Rescue %
UAS.ApoLpp.wt 236 42 17.8 311 0 0.0 72 0 0.0 103 0 0.0
UAS.5’-HA-ApoLpp-Myc-3’ 288 13 4.5 100 0 0.0 210 0 0.0 92 0 0.0
UAS.HA-ApoLpp-Myc furin mutant 278 0 0.0 380 0 0.0 73 0 0.0 53 0 0.0

3Given the parental genotypes, the expected fraction of apolpp mutant progeny (apolpp'°?/apolpp”’®*) was one-eighth (12.5%) in all crosses.

Table 2. Fat body specific apolpp.RNAi phenocopies apolpp genomic loss of function.

CG.GAL4 (fat body) R4.GAL4 (fat body) Da.GAL4 (ubiquitous) Elav.Gal4 (neuron)
Adults Not Tb %2 Adults Not Tb % Adults Not Tb % Adults Not Tb %
UAS.apolpp. RNAI 140 0 0.0 131 0 0.0 127 0 0.0 147 50 34

Given the parental genotypes, the expected fraction of apolpp. RNAi progeny (those not Tubby) was one-half for CG.GAL4 and one-third for the others.
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Fig. 3. Fourth chromosome transgenes for apolpp and myo. a) Number line depicts the sequence of the fourth chromosome polytene region 102F7-8. The
apolpp gene and four transcripts (from the numbered strand left to right) that encode a single ApoLpp protein are shown. The bottom transcript/protein is
annotated to show a furin cleavage site between amino acids 706 and 707 and the isoforms created by cleavage. Three artificial exons carried in

transgenes are shown. In the first intron of the coding region are two FCRP DoubleHeader conversions of CR70471. The apolpp T2A.GAL4 and ApoLppll
N-eGFP transgenes are homozygous lethal. A custom designed CRIMIC provided by Oguz Kanca (Kanca et al. 2022; Bellen lab, Baylor) replaced the last
coding exon of apolpp with eGFP but retained the endogenous apolpp 3' UTR. The ApoLppl C-eGFP transgene is homozygous viable. b) Number line depicts
the sequence of polytene region 102D4. The myo gene and three myo transcripts (from the opposite strand right to left) that encode a single Myo protein
are shown. The transcripts/proteins are annotated to show a furin cleavage site between amino acids 476 and 477. In the first intron of the coding region
are two FCRP DoubleHeader conversions of CR02262. The myo T2A.GAL4 and Myo eGFP transgenes are homozygous lethal. Note the Myo eGFP tagisin the
prodomain but also tracks the receptor-binding ligand because the prodomain is attached to the ligand until released prior to receptor binding (Rifkin

et al. 2022).

Eaton 2010). The third transgene, apolpp T2A.GAL4 tracks apolpp
transcription (Fig. 3).

Examining eGFP in the adult brain revealed that ApoLppll
N-eGFP is widely visible. Low magnification images from brains
with glial cells marked by Repo show ApoLppIl N-eGFP accumula-
tion in the optic lobe cortex and medulla (Fig. 4). Higher magnifi-
cation images reveal that ApoLppll N-eGFP is visible overlapping
glial nucleiin the BBB. There is also ApoLpplI N-eGFP in the under-
lying optic lobe cortex that contains both neurons and glia.
Further medial in the optic lobe medulla, a high concentration
of ApoLppll N-eGFP is present around three rows of medulla
glia. In these rows are astrocytes (their projections tile neurons
in specific area) and ensheathing glia (their projections are neur-
onal axon wrappers). ApoLppll N-eGFP is also visible apical and
medial to the medulla in the lamina and lobula, respectively. In
the BBB, cortex, and medulla ApoLppll N-eGFP overlaps a subset
of Repo-expressing glial nuclei.

ApoLppl C-eGFP is also present in the adult brain, but appears
more restricted than Apolppll N-eGFP (Fig. 5). ApoLppl C-eGFP
transits the BBB and enters the cortex where its deposition pattern
resembles ApoLppll N-eGFP. ApoLppI C-eGFP maintains a presence
in BBB glia though it does not overlap any nuclei. ApoLppI C-eGFP
moves past the cortex into the medulla, but it appears to accumu-
late only near a single row of glia. In this row ApoLppI C-eGFP over-
laps some but not all Repo-expressing medulla glial nuclei. Neither
the lamina nor lobula show ApoLppI C-eGFP accumulation.

Then we analyzed adult brains for transcription utilizing apolpp
T2A.GAL4 (Fig. 5). This transgene identifies cells transcribing the
apolpp mRNA that leads to both ApoLppll and ApolLppl isoforms.
We detect no transcription yet are confident the transgene is

functioning due to its ability to reveal apolpp transcription in the
fat body (Supplementary Fig. 3). The absence of apolpp transcrip-
tion in the adult brain is also consistent with a donor’s note for
the apolpp T2A.GAL4 parent stock (CR80040; BDSC #97179) that lit-
tle or no GAL4 expression was detected in the larval brain. Taken
together multiple lines of evidence suggest that ApoLppll and
ApoLppl in the adult brain are exogenous.

ApolLppll, ApoLppl, and Myo are present in glia in
adult brains

We then looked with more care at the accumulation patterns of
both ApoLpp isoforms in the adult brain using Myoglianin (Myo)
as a marker for a subset of glia in the BBB, cortex and medulla.
Myo is a secreted protein in the TGF-B family (Wisotzkey and
Newfeld 2020). We examined two myo transgenes created by the
FCRP: myo T2A.GAL4 identifies cells transcribing myo, and Myo
eGFP tracks the Myo protein (Fig. 3). myo is visible in many BBB
glia, where its transcription appears similar to ApoLppll N-eGFP
accumulation (Fig. 6). A closer view of the BBB and cortex reveals
that myo transcription is so strong that UAS.nls.GFP overflows nu-
clei into glial projections. Subsequently, Myo eGFP is efficiently
secreted from BBB and cortex glia as shown by the absence of ac-
cumulation in glial cells. Higher magnification views of ApoLppII
N-eGFP and ApoLpplI C-eGFP in the cortex show they appear ubi-
quitous like Myo eGFP. The overall impression is of similarity be-
tween Myo and ApoLpp in the BBB and in the cortex.

Within the medulla, Myo eGFP appears in a subset of all three
rows of ensheathing glia and astrocytes (Fig. 7). Looking next at
myo transcription, this is also visible in a subset of all three rows
of medulla glia. Comparing Myo eGFP to ApoLppll N-eGFP in the
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Fig. 4. ApoLppll N-eGFP accumulates near BBB, cortex and medulla glia of adult brains. a’) Confocal stack and medial slice of the left optic lobe of an
ApoLppll N-eGFP adult male brain (n =4) displaying eGFP (green) and Repo (red). ApoLppll N-eGFP is present throughout the lobe, including near the
nuclei of cortex glia (arrowheads in a’) and medulla glia at the right. b) Medial slice of the same brain revealing left-right symmetry for ApoLpplI N-eGFP
near cortex (down arrowheads) and medulla glia nuclei (up arrowheads). c and d) Slice of the left and right optic lobe anterior surfaces revealing that
ApoLpplI N-eGFP overlaps the nuclei of BBB glia in both locations (up arrowheads). e—e’) Confocal stack and medial slice of the right optic lobe indicates
the same ApoLppll N-eGFP accumulation pattern as the left including the association with the nuclei of cortex (arrowheads in e’) and medulla glia at the
left.
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Fig. 5. ApoLppl C-eGFP accumulates near BBB, cortex and medulla glia but apolpp is not transcribed in adult brains. a to c¢) ApoLppl C-eGFP adult female
brain (n=5) displaying eGFP (green) and Repo (red). a) Medial slice of the left optic lobe showing ApoLppI C-eGFP is prominent in the cortex while modest
in the medulla. b) Medial slice of the whole brain revealing left-right symmetry for ApoLppl C-eGFP. c) Slice of the right optic lobe anterior surface showing
that ApoLppl C-eGFP is present in BBB glia though not overlapping nuclei like ApoLppII N-eGFP. d to f) apolpp T2A.GAL4 heterozygous adult female brain
(n=4) expressing UAS.nls.GFP (green) and Repo (red). No GFP is visible. Functionality of apolpp T2A.GAL4 was verified via rescue of a transheterozygote
with apolpp®?® with two copies of wild type UAS.ApoLpp. The absence of apolpp transcription in the adult brain indicates that ApoLppl C-eGFP and
ApoLppll N-eGFP in the adult brain are exogenous.

medulla reveals a strikingly similar accumulation pattern.
ApoLppll N-eGFP is visible in the cortex and medulla with the
highest abundance near the three rows of medulla glia.
Similarity between these 2 eGFP transgenes also exists outside
the medulla with Myo eGFP visible in the lamina and lobula simi-
lar to ApoLppll N-eGFP. On the other hand, ApoLppI C-eGFP in the
medulla appears restricted to the serpentine row, with faint ex-
pression in the lamina and lobula.

BBB morphotraps confirm that both isoforms of
ApoLpp in the adult brain are exogenous

Taken together the data thus far suggest the hypothesis that
ApoLpp isoforms in the adult brain are not expressed there but
are instead derived from the fat body after crossing the BBB. We
tested this hypothesis in morphotrap experiments. A morphotrap
transgene encodes an UAS controlled fusion of a nanobody against
GFP to the external portion of the transmembrane protein CDS§,
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Fig. 6. ApoLppll N-eGFP, ApoLpplI C-eGFP and Myo are abundant in BBB and cortex glia. a) Confocal stack at low magnification of a myo T2A.GAL4 adult
female brain (n = 4) displaying UAS.nls.GFP (green) with Repo (red).myo transcription is visible in many BBB glia. a’) Schematic below a confocal slice of the
BBB plus cortex in cross-section from the same brain. The BBB consists of two distinct rows of glia packed tightly together. The perineural glia row (pg) is
apical and in contact with the circulation. Medial is the subperineural glia (spg). These two rows can be distinguished empirically by their nuclei size and
spacing as shown. Medial to the BBB is the cortex containing primarily neurons with glia; black circles represent neuronal and red circles glial nuclei

without cell delineation. In the image many BBB and cortex glia transcribe myo. b-b”) Single slice at high magnification of the BBB and cortex from the
right brain lobe of same brain in two colors and single channels. Strong myo transcription is visible in cortex, perineural and subperineural glia such that
nls.GFP overflows into cell projections. c) Slightly lower magnification slice of a Myo eGFP adult female right brain lobe (n =4) displaying eGFP (green),
Repo (red) and 9-137:RFP (blue) that marks perineural glia. Myo eGFP is ubiquitous in the cortex reflecting efficient glial secretion. d-d”) Same view of the
cortex in a slice from a ApoLppll N-eGFP adult female brain (n =5) reveals abundant eGFP. €) Same view of an ApoLppI C-eGFP adult female brain (n=2)

also reveals abundant eGFP.

that we call CD8-morpho. This transgene effectively traps near-
by GFP-tagged secreted proteins at the outer membrane of any
expressing cell, thus preventing the secreted protein from trav-
eling further. In our hypothesis test, CD8-morpho was driven in
the BBB by 9-137.GAL4 to block ApoLppll N-eGFP and/or
ApoLppI C-eGFP at the BBB. CD8-morpho BBB expression was
tracked by co-expression of UAS.CD8.RFP. A similar approach
employing CD8-morpho and 9-137:RFP was reported in the ana-
lysis of an adult BBB enriched drug efflux pump (Hindle et al.
2017). We examined the brains of third instar larvae as well as
adult females.

We confirmed that 9-137:RFP expression was restricted to BBB
membranes in third instar larvae and adults by examining brain
expression in otherwise wild type flies (Supplementary Fig. 4).
Then to be sure CD8-morpho driven by 9-137:RFP was able to
trap eGFP effectively in third instar larvae we examined ApoLppl
C-eGFP homozygotes with and without CD8-morpho. Control lar-
vae without CD8-morpho exhibited eGFP on the BBB and inside
the brain. Larvae with CD-8 morpho displayed eGFP on the BBB
but no eGFP inside the brain (Supplementary Fig. 5). Based on
these observations, CD8-morpho should be effective at blocking
eGFP from entering the adult brain.

Examination of one day old virgin female brains expressing
CD8-morpho in the BBB and ApoLppll N-eGFP as a heterozygote
with apolpp®'P showed ApoLppll N-eGFP uniformly on the surface
but not inside the brain (Supplementary Fig. 6). This is the same
phenotype seen in larval brains homozygous for ApoLppl C-eGFP
with CD8-morpho in the BBB (Supplementary Fig. 5). Data from
one day old females is promising but perhaps not conclusive given
the extent of neural development and vitellogenesis that occur im-
mediately after eclosion in females (Zhang et al. 2022; Liet al. 2024).
As a control, to ensure the exclusion of ApoLppll N-eGFP from the
brain was due to CD8-morpho in the BBB, we substituted
Nrv-morpho for CD8-morpho. Nrv-morpho is only effective in a po-
larized epithelium as Nrv is specifically inserted in the basolateral
membrane (Harmansa et al. 2017). The BBB is a squamous epithe-
lium and Nrv is not inserted in the membrane. All other features of
the genotype were identical to CD8-morpho. In larvae and adults
with Nrv-morpho, both ApoLpplIl N-eGFP and ApoLppl C-eGFP are
detected inside the brain (Supplementary Fig. 7).

We then analyzed CD8-morpho brains from ten day old virgin
females to represent aged adults that were expressing ApoLppll
N-eGFP in a heterozygote with apolpp®’® or homozygous for
ApoLppl C-eGFP (Fig. 8). Alow magnification confocal stack shows
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anterior

Fig. 7. ApoLppll N-eGFP and ApoLppl C-eGFP are near medulla glia expressing Myo. a) Confocal stack atlow magnification of a Myo eGFP female brain (n =
4) displaying eGFP (green) with Repo (red). Myo eGFP presence is strongest in glia of the medulla but also visible in the lamina and lobula. a’) Single slice at
high magnification of the left brain lobe reveals that Myo eGFPis present in a subset of all three rows of medulla glia. a”) Schematic of glial subtypes in the
medulla. Three roughly parallel rows of glia (red circles) are aligned from anterior to posterior (image top to bottom). The rows are bunched at the ends
and well separated in between. These rows are named from left to right distal (dmg), serpentine (smg) and proximal (pmg). Each row contains two classes
of glia. One class (blue center) is astrocytes with projections that tile the neurons in a specific area and function in neuron homeostasis. The other class
(white center) is ensheathing glia with nuclei arrayed at the medulla boundary and projections that extend into the medulla where they act as neuronal
axon wrappers. Apical to the medulla in the lamina there is an anterior-posterior row of glia called the outer chiasm glia (oxg). Medial to the medulla in
the lobula there is a roughly triangular set of glia pointing toward the central brain called the inner chiasm glia (ixg). b-b”) Confocal stack at high
magnification with two slices from a Myo eGFP female brain expressing eGFP (green) and Repo (red). b’) In the dorsal slice, at the top of the medulla glia
rows the diffuse nature of Myo eGFP suggests astrocyte expression. b”) In the ventral slice, in the middle of the medulla glia rows Myo eGFP emanates
apically in a linear shape suggesting ensheathing glia expression. c—c”) Stack with two slices from a myo T2A.GAL4 female brain (n=4) expressing
UAS.nls.GFP (green) and Repo (red). myo is transcribed in cortex glia and a subset of all three rows of medulla glia. d-d”) Stack with two slices from a
ApoLppll N-eGFP male brain (n =4) expressing eGFP (green) and Repo (red). ApoLppll N-eGFP is visible in the cortex, lamina, medulla and lobula with
highest abundance near glia in the cortex and medulla. The pattern of ApoLppll N-eGFP medulla expression is similar to Myo eGFP. e-e”) Stack with two
slices from a ApoLppl C-eGFP female brain (n = 2) expressing eGFP (green) and Repo (red). ApoLppl C-eGFP is strong in the cortex but restricted to the
serpentine row of medulla glia.

ApoLppll N-eGFP uniformly on the surface. Low magnification
slices reveal that ApoLpplIl N-eGFP is not visible inside the brain.
The impression is reinforced by high magnification stacks and
slices of Apolppl C-eGFP that reflect the same distribution.
Taken together the one and ten day old virgin female data suggest
that ApoLppll N-eGFP and ApoLppl C-eGFP visible inside the brain
in our previous experiments were exogenous.

Brains from mature ten day old mated CD8-morpho females
(mated for three days then gender segregated), were consistent
with those of ten day old virgins (Fig. 9). Images from adults

expressing ApoLppll N-eGFP in a heterozygote with apolpp®'” or
homozygous for ApoLppl C-eGFP or both were examined. Low
magnification confocal stacks of brains from ApoLppll N-eGFP
or ApoLppl C-eGFP mated females show the same phenotype as
their virgin siblings, with eGFP uniformly distributed on the sur-
face. A high magnification confocal stack of a ten day old mated
female with ApoLpplIl N-eGFP and ApoLppI C-eGFP looks virtually
identical to the one from a ten day old virgin female, with eGFP
uniformly distributed on the surface. A high magnification slice
(Fig. 9d) shows that a very small amount of ApolLpp eGFP
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apoN-eGFP|

Fig. 8. BBB morphotrap in ten day old unmated females shows that ApoLpplI N-eGFP and ApoLppl C-eGFP in the adult brain are exogenous. Aged adult

81D

female brains (n = 3) with CD8-morpho driven by 9-137.GAL4 in the BBB displaying either ApoLpplIl N-eGFP in a heterozygote with apolpp™~ or
homozygous ApoLppl C-eGFP (as indicated in green) and Repo (red) in two colors (left column) and single channels. a) Low magnification confocal stack
reveals ApoLppll N-eGFP uniformly distributed on the brain surface. b) Single slice from the same brain shows that ApoLppll N-eGFP is restricted to the
brain surface. c) High magnification stack (n=3) from the left brain lobe reveals that ApoLppl C-eGFP is uniformly distributed on the brain surface.

d) Single slice from the same lobe shows that ApoLppl C-eGFP is restricted to the brain surface.

penetrates a short distance into the brain with most ApoLpp eGFP
at the BBB adjacent to perineural glia. The insert shows that peri-
neural glial nuclei are embedded in ApolLpp eGFP. Moving one
slice dorsal (Fig. 9e) shows ApoLpp eGFP is barely visible for just
a short distance inside the brain with most ApoLpp eGFP at the
BBB adjacent to subperineural glia. The insert shows the asym-
metric distribution of ApoLpp around subperineural glia with con-
siderably more apically than medially.

Taken together morphotrap data shows that atlarval and adult
stages both isoforms of ApoLpp eGFP inside the brain are exogen-
ous. This finding is consistent with prior results suggesting that
the fat body is an essential source of ApoLpp in larvae and adults.

ApolLpp expressed in the fat body is secreted then
visible on the BBB and inside the brain

We then directly tested the hypothesis that ApoLpp proteinin the lar-
val and adult brain is not expressed there butis instead derived from
the fat body after crossing the BBB. For these studies we employed
three transgenes from the rescue crosses. There are the fat body

drivers CG.GAL4, R4.GAL4 and UAS.5’-HA-Apolpp-Myc-3’. This
cDNA rescued apolpp mutants at roughly one-third of the
Mendelian expectation (Table 2), indicating the tags do not fully
interfere with function. This transgene can produce both isoforms:
HA tagged ApoLppll N-terminal (5’-HA-ApoLppll) and Myc tagged
ApoLppl C-terminal (ApoLppl-Myc-3’). The double-tagged protein
tracking experiment was conducted in third instar larvae and adults.

High magnification single color views of dissected larval fat
body with R4.GAL4 driving the double-tagged ApoLpp, revealed
both 5'-HA-ApoLppll and Apolppl-Myc-3’ are present in every
cell (Fig. 10). Same view of a dissected body wall muscle stained
similarly plus Dapi showed the highest concentration of
5-HA-ApoLppll and Apolppl-Myc-3 along the exterior surface
of the muscle. Thereis a small amount of diffuse accumulation
of each inside the muscle near the right side cut site. The distri-
bution of 5'-HA-ApoLppll and ApolppI-Myc-3’ on the muscle
suggests that both isoforms of ApoLpp were secreted by the
fat body into the circulation then traveled to the muscle exter-
ior surface.
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apoN-eGFP
apo81D

36
apoC-eGFP
poN-eGFP|

apoN-eGFP|

apoN-eGFP+apoC-eGFP

apoN-eGFP
apoC-eGFP
Spg

Fig. 9. BBB morphotrap in ten day old mated females shows that exogenous ApoLppll N-eGFP and ApoLppl C-eGFP are blocked at the subperineural glia.
Aged adult female brains with CD8-morpho driven by 9-137.GAL4 in the BBB displaying isoforms of ApoLpp eGFP as indicated. a and b) Low magnification

stacks show that ApoLpplIl N-eGFP in a heterozygote with apolpp®'® (

n = 3) and homozygous ApoLppl C-eGFP (n = 3) are uniformly distributed on the brain

surface. ¢) High magnification stack of the left lobe of a brain with ApoLppll N-eGFP over ApoLppl C-eGFP (n = 3) shows them uniformly distributed on the
brain surface. d) Single slice of the same lobe focused on the structural layer of perineural glia (pg). The slice suggests that eGFP is largely restricted to the
brain surface but can be seen medial to the perineural glia layer. Starred area shown as an inset. d’) Arrowheads indicate perineural glia whose Repo

expressing nuclei are surrounded by eGFP. e) Single slice, dorsal to the previous slice, focused on the subperineural glia row (spg), that constitutes the BBB
barrier layer underneath the perineural glia. Starred area shown as an inset. e’) Arrowheads indicate subperineural glia whose Repo expressing nuclei

have eGFP primarily on their apical side with modest visibility medially.

Low magnification stack of a larval brain lobe stained with
5’-HA-ApoLppll and Dapi contains 5’-HA-ApoLppll accumulation
on the surface and inside the brain. The distribution of
5’-HA-ApoLppll appears similar to ApoLpplIl N-eGFP in the larval
brain. A high magnification confocal slice of an adult brain lobe

reflecting ApoLppI-Myc-3’ and the BBB glial nuclear marker Vvl
contains ApoLppIl-Myc-3’ accumulation on the surface and inside
the brain. The distribution of ApoLppl-Myc-3’ appears similar to
ApoLppl C-eGFP in the adult brain. The double-tagged Apolpp
tracking data, together with the morphotrap, rescue and RNAi
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55um d 5'-HA-Apo a’

larval fat body

larval body wall muscle

apoN-eGFP

Fig. 10. Double tagged ApoLpp tracked from fat body secretion to the BBB then inside the larval and adult brain. a and a’) Dissected larval fat body (n = 3)
reflecting R4.GAL4 driven UAS.5'-HA-ApoLpp-Myc-3’ shown as single channels. Every cell expresses 5'-HA-ApoLpplI (green) and ApolppIl-Myc-3’ (red).
b-b’) Dissected larval body wall muscle (n=4) with multinucleated cells. 5'-HA-ApoLppll and Apolppl-Myc-3 are visible on the surface with diffuse
accrual at the open end (right). c—c’) Larval brain left lobe stacks. c) ApoLppll N-eGFP (green) and Repo (red) displaying ApoLppll N-eGFP at the surface and
inside the brain (n=4). ¢’) CG.GAL4 driven 5’-HA-ApoLppll (green) and Dapi (blue) displaying 5-HA-ApoLpplI at the surface and inside the brain (n=6)
similar to ApoLppIl N-eGFP. d-d’) Adult brain right lobe slices. d) R4.GAL4 driven ApoLppI C-eGFP (green) and Repo (red) displaying ApoLppl C-eGFP at the
surface and inside the brain (n=5). d’) ApoLpp-Myc-3' (red) and Vvl (blue; marks BBB glial nuclei) displaying ApoLpp-Myc-3’ at the surface and inside the

brain (n=3) similar to ApoLppl C-eGFP.

data strongly support the hypothesis that ApoLpp protein in the
larval and adult brain is not expressed there butis instead derived
from the fat body after crossing the BBB.

Discussion

The Apolipoprotein (Apo) family, in humans and other species is
not a traditional protein family where all members share se-
quence similarity derived from a common ancestor. As a result,
the evolutionary relationships between Apo proteins overall and
between ApoB and ApoLpp have not been clearly established.
Our interspecific tree connected two human Apo proteins to fly
proteins (ApoB48 with ApoLppll/ApoLTPII and ApoF with Fabp).
This connection indicated that these proteins were conserved
since the last common ancestor of mammals and flies. A second
interspecific tree connected fly ApoLppll/ApoLTPII to nematode
Vit-61I. Together the interspecific trees suggest a connection be-
tween human ApoB48, fly ApoLppll and nematode Vit6Il in their
common ancestor nearly 700 million years ago.

To extend our understanding of ApoLpp in flies beyond
second instar and suggest new hypotheses for human ApoB, we
conducted a series of experiments with new stocks from the
FCRP to visualize endogenous apolpp transcription and ApoLpp
isoform specific protein accumulation. In the rescue experiments,
UAS.ApoLpp expressed in the fat body in an apolpp lethal genotype
rescued these individuals to adulthood. Companion apolpp.RNAi
experiments employing the same fat body drivers, eliminated lar-
val survival. Taken together these experiments indicate that the
fat body is a necessary and sufficient source of apolpp for survival
to adult. Studies of apolpp transcription are consistent, with no ex-
pression seen in the larval or adult brain. Nevertheless, both iso-
forms of Apolpp eGFP were visible in the larval and adult brain.
ApoLpp brain accumulation resembled myo transcription/transla-
tion in the adult BBB, cortex and medulla suggesting an associ-
ation of ApoLpp eGFP with adult brain glia and myo.

We directly tested the hypothesis that ApoLpp protein in thelarval
and adult brain is not expressed there but is instead derived from the
fatbody after crossing the BBB in two sets of experiments. The first set
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employed a morphotrap expressed in the BBB to block circulating
ApoLppll N-eGFP or ApoLppl C-eGFP from entering the brain.
When the morphotrap was present, neither ApoLppll N-eGFP nor
ApoLppl C-eGFP were visible in third instar or adult brains, confirm-
ing that ApoLpp protein in the larval and adult brain is exogenous.
The second set showed that the source of the exogenous ApoLpp pro-
tein in the brain is the fat body. Double-tagged UAS.5’-HA-ApoLpp-
Myc-3" was expressed exclusively in the fat body and tracked.
Imaging showed both isoforms were expressed in the fat body, se-
creted into the circulation, then visible on the BBB surface and inside
the brain. Double tagged ApoLpp results confirm the hypothesis that
ApoLpp protein in the larval and adult brain is not expressed there
butis instead derived from the fat body after crossing the BBB.

Our Apolpp adult data extends the prior ApoLpp functional
study in second instar (Brankatschk and Eaton 2010). Our adult
data showing accumulation of ApoLpp near glia is consistent
with a recent report employing RNAi to suggest that ApoLpp
from the fat body enters the adult brain where it plays a role in
glial phagocytosis in response to neuronal debris created by phys-
ical injury (Alassaf et al. 2025). Our adult data adds a third signal
to recent reports of fat body/gut to brain signaling. Two examples
are Vaha (a secretory lipase) and Neuropeptide F that are secreted
by the gut, then cross the adult BBB to target insulin producing
neurons (Chen et al. 2024; Singh et al. 2024).

The possibility that ApoLppis a fat body to brain signal, in add-
ition to delivering lipids, suggested two potential relationships be-
tween Apolpp and myo in brain glia. Perhaps ApoLpp delivers
lipids to myo expressing glia and/or myo expressing glia receive
an ApoLpp signal from the fat body. In the latter case, it is tempt-
ing to speculate that Myo secreted by brain glia then plays the role
of GLP-1 in signaling from the hypothalamus to the liver and gut,
to regulate ApoB48 expression/secretion (Farr et al. 2015). Since
we have shown ApoLpp travels from the fat body to the brain, if
Myo from the brain then fulfilled the role of GLP-1 in signaling
back to the fat body, it would suggest a feedback loop regulates
ApoLpp, and perhaps also ApoB, expression/secretion.

Taken together our ApoLpp experimental data and evidence of
conservation between ApoB48 and ApoLppllI suggest the new hy-
pothesis that human ApoB48 exits the circulation to fulfill a func-
tion in the brain. This hypothesis is supported by several
circumstantial factors. First, there are many established similar-
ities between the fly and mammal BBB (e.g. Desalvo et al. 2014;
Contreras and Klambt 2023). Second, ApoB mutations or serum le-
vels are associated with features of cognitive impairment that are
not readily connected to atherosclerosis. Third, studies of rodent
cellsin culture suggest a possible mechanism for ApoB BBB transit
via LDL receptor transcytosis. This mechanism is similar to re-
ports of ApoLTP passage through the BBB via endocytosis of its
transporters LRP1 and LRP2 (Li et al. 2023; Singh et al. 2024).

Experimental evidence of ApoB inside the brain of a vertebrate
derives from two studies in zebrafish, an organism that recapitu-
lates human ApoB physiology including exclusive expression in
the liver/gut (Schlegel 2016). The first paper employed a luciferase
enzyme fused to endogenous ApoBb.1 to monitor accumulation in
live larvae with specific genetic backgrounds under defined nutri-
tional regimes. The authors noted ApoBb.1 presence in the brains
of both wild type and experimental larvae (Thierer et al. 2019). The
second paper employed the photoconvertible fluorophore
Dendra? fused to endogenous ApoBb.1 to monitor ApoBb.1 half-
life in circulation in live wild type and juveniles with the same
set experimental regimes. The authors again noted ApoBb.1 accu-
mulation in the brain. Further, the photoconversion state of
ApoBb.1in the brain suggested to the authors that an LDL binding

domain protein was capturing ApoBb.1 after BBB transit (Moll
etal. 2025). Reports from humans, rodents, zebrafish and now flies
are consistent with the hypothesis that ApoB (or perhaps only
ApoB48) crosses the BBB to fulfill a function in the brain.

In summary, we advance our knowledge of ApoLpp function
to third instar and adult brains while demonstrating strong
conservation with ApoB. Imaging studies in the adult brain em-
ployed new tagged proteins to reveal that both ApoLppisoforms
are present near glia. Morphotraps that block tagged ApoLpp at
the BBB demonstrated that ApoLpp in the adult brain is exogen-
ous. A double tagged version of ApoLpp expressed solely in the
fatbody was tracked from fat body secretion to the BBB and into
the adult brain. Overall, our data suggest that the previously
documented role of ApoLpp in second instar larval brain lipid
delivery is likely operating in third instar and adults. Strong
conservation between ApoLppll and ApoB48 supports the
hypothesis that ApoB48 may have a role in the brain outside
the circulatory system.

Data availability

Strains are available at the Bloomington Drosophila Stock Center
(Cook and Parks 2022) and described in Flybase (Oztlrk-Golak
et al. 2024). The authors affirm that all data underlying the con-
clusions are present within the article, figures, tables and supple-
mentary material.

Supplemental material available at GENETICS online.
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Supplemental Data: Three Tablesand Eleven Figures

Table S1. Twenty-three human Apo family membersidentified by namein Uniprot.

Protein  Longest RefSeq HGNC Size Secreted? pfam structural domains

ApoAl  NP_001412021 600 158  Secreted pfam01442 - A1/A4/E family

ApoA2  NP_001634 601 100  Secreted pfam04711 - ApoA2 family

ApoA4  NP_000473 602 396  Secreted pfam01442 - A1/A4/E family

ApoAS5  NP_001358833 17288 366  Secreted pfam01442 - A1/A4/E family

ApoB?  NP_000375 603 4563  Secreted N-term: pfam09172 - Vitellogenin-N
Secreted C-term: pfam06316 - Porin channels

Two true isoforms with common N-term; ApoB48 is 2180aa and ApoB100 is full length
Alignments and trees employ the two parts of ApoB100 as distinct sequences (ApoB48 and ApoB52)

ApoCl  NP_001366616 607 129  Secreted pfam04691 - ApoC1 family

ApoC2  NP_000474 609 101 Secreted pfam05355 - ApoC2 family

ApoC3  NP_000031 610 99  Secreted pfam05778 - ApoC3 family

ApoC4  NP_001637 611 127  Secreted pfam15119 - ApoC4 family

ApoD AAB32200 612 266°  Secreted pfam04711 - ApoA2 family

ApoE2  NP_000032 613 317  Secreted pfam01442 - A1/A4/E family

ApoF NP_001629 615 326  Secreted pfam15148 - ApoF family

ApoH NP_000033 616 345  Secreted pfam09014 - Sushi2 (6Cys-CCP)
Apol NP_001822 2095 449  Secreted pfam01093 - Clusterin

ApoLl  NP_001130012 618 398  Secreted pfam05461 - ApoL family

ApolL2  NP_663612 619 337 Cytoplasm pfam05461 - ApoL family

ApoL3  NP_001380522 14868 331 Cytoplasm pfam05461 - ApoL family

Apol4  XP_054181922 14867 348  Predicted pfam05461 - ApoL family

ApoL5  NP_085145 14869 433  Cytoplasm pfam05461 - ApoL family

ApoL6  NP_085144 14870 343  Cytoplasm pfam05461 - ApoL family

ApoM NP_061974 13916 188  Secreted-Membrane pfam00061 - Lipocalin

ApoO NP_077027 28727 198 Mito Inner Membrane pfam09769 - ApoO (MICOS 26)
ApoOL  NP_940852. 24009 268 Mito Inner Membrane pfam09769 - ApoO (MICOS 27)
ApoP an apoptotic protein

outgroup (similar function but not Apo name)

MTTP

NP_000244 7467

894

Secreted-ER pfam19444 - MTP lipid-binding

a. Red indicates that ApoB48 (N-terminal) has the same Vitellogenin-N domain as fly ApoLpplI.

b. AAB32200 does not contain the first 20 amino acids. These came from CAG33119.




Table S2. Eight fly Apo family membersidentified via DIOPT in Flybase.

Protein Longest RefSeq Size Secreted? pfam structural domains

ApoLpp?  NP_001284721 3351 Secreted-Cleaved N-term: pfam09172 - Vitellogenin-N

C-term: pfam00094 - vonWillebrand typeD
Two isoforms separated by furin cleavage @ 706/707aa: ApoLppll is N-term and ApoLppl is C-term
Alignments and trees utilized each isoform as a distinct sequence

ApoLTP  NP_995670 4333 Secreted-Cleaved N-term: pfam09172 - Vitellogenin-N

C-term: pfam00094 - vonWillebrand typeD
Two isoforms separated by furin cleavage @ 779/780aa: ApoLTPII is N-term and ApoLTPI is C-term
Alignments and trees utilized each isoform as a distinct sequence

Cv-d NP_732076 1470 Secreted N-term: pfam09172 - Vitellogenin-N
No obvious furin cleavage site C-term: pfam00061 - Lipocalin

Glaz NP_523727 212 Secreted pfam00061 - Lipocalin

Nlaz NP_001259867 245 Secreted pfam00061 - Lipocalin

CG31659 NP_722702 192 Secreted pfam00061 - Lipocalin

Fabp NP_001027179 157 Cytoplasm pfam00061 - Lipocalin

Mic26-27 NP_650523 226  Mito Inner Membrane pfam09769 - ApoO

outgroup (homolog of human outgroup by BLASTp)

Mtp NP_610075 886 Secreted-ER pfam19444 - MTP lipid-binding

a.Red indicates that ApoLppllI alone contains the same N-terminal Vitellogenin-N domain as ApoB48.



Table S3. Nine nematode Apo family membersidentified via Wor mbase.

Protein Longest RefSeq Size Secreted? pfam structural domains
Vitellogenin-1 NP_001367671 1616 Secreted N-term: pfam09172- Vitellogenin-N
predicted. C-term: pfam00094 - vonWillebrand typeD

predicted furin cleavage @ 740-741aa: RGRAR
For all Vit proteins, alignments and trees employ each predicted isoform as a distinct sequence

Vit-2 NP_508868 1613 Secreted N-term: pfam09172 - Vitellogenin-N
predicted. C-term: pfam00094 - vonWillebrand typeD
predicted furin cleavage @ 738-739aa: RGR"R

Vit-3 NP _ 001367903 1603 Secreted N-term: pfam09172- Vitellogenin-N
predicted C-term: pfam00094 - vonWillebrand typeD
predicted furin cleavage @ 735-736 aa: RSRAR

Vit-4 NP_508612 1603 Secreted N-term: pfam09172 - Vitellogenin-N
predicted. C-term: pfam00094 - vonWillebrand typeD
predicted furin cleavage @ 735-736aa: RSRAR

Vit-5 NP_508589 1603 Secreted N-term: pfam09172 - Vitellogenin-N
predicted. C-term: pfam00094 - vonWillebrand typeD
predicted furin cleavage @ 735-736aa: RSRAR

Vit-62 NP _001023274 1650 Secreted N-term: pfam09172 - Vitellogenin-N
predicted. C-term: pfam00094 - vonWillebrand typeD

predicted furin cleavage @ 766-767aa: RGK”R site is conserved in Pristionchus pacificus Vit-6

Moma-1 NP_497275 201 Mito Inner Membrane pfam09769 - ApoO (MICOS 27)

ApoL1 NP_740988 265 Cytoplasm pfam05461 - ApoL.

(not likely homolog as human ApolL1 is secreted)

ApoL3-like NP_001379858 318 Cytoplasm pfam05461 - ApoL

(possible homolog as human ApoL3 is cytoplasmic)

outgroup (similar function but not homolog of either human or fly outgroup by reciprocal BLASTp)
Dsc-4 NP_499903 892  Secreted-ER pfam19444 - MTP lipid-binding

a. Red indicates that BLASTp shows Vit-6 is the original member of the Vit family in C. elegans
with the other Vit proteins derived from serial duplications. As a result, all six C. elegans Vit
proteins contain a predicted furin cleavage site conserved in ApoLpp and ApoL TP that creates two
isoforms and their N-terminal isoforms contain the same Vitellogenin-N domain as ApoLpplIl and

ApoB48.
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Fig. S1. Tree of 11 fly sequences with isoforms of ApoL pp and ApoL TP separated plus an
outgroup. Maximum Likelihood tree with the highest log likelihood is shown as in Fig. 1. There
are 194 informative positions in the MUSCLE alignment. Red bar indicates the strong grouping
of ApoLppll with ApoLTPII. At a distance ApoLppl and ApoLTPI cluster together. The distinct
placement of the ApoLpp/ApoLTP isoforms on the tree suggests divergent selection on the N-

terminal versus the C-terminal isoforms in ApoLpp prior to the duplication creating ApoLTP.
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Fig. S2. Fly ApoLppll and nematode Vit-611 are conserved. Maximum Likelihood tree with
the highest log likelihood is shown as in Fig. 1. There are 11 fly (Dm) and 16 nematode (Ce)
sequences in the tree with the nematode outgroup. The two isoforms of ApoLpp, ApoLTP and Vit-
1 through Vit-6 are shown separately. There are 279 informative positions in the MUSCLE
alignment. Red bar indicates the cluster of Vit-61I with ApoLppll and ApoLTPII (all N-terminal
domains). This cluster plus the cluster of the N-terminal domains ApoLppll and ApoLTPII with

human ApoB48 in Fig. 2 reveals that ApoB and Vit6 likely descended from a common ancestor.



apoC-eGFP

Fig. S3. apolpp T2A.GAL4 and ApoLppl C-eGFP are visible in the larval fat body. A,B)
Confocal stacks of larval female fat bodies (n=2 each) with green displaying either UAS .nls-GFP
driven by apolpp T2A.GAL4 (green) with Fasll (red) or ApoLppl C-eGFP (green) with
DAPI (blue). As Fasll is a neuronal membrane protein, no expression is expected but a low
level of background staining is visible outlining the tissue. In both views, GFP is visible in

many if not all cells.



Fig. $4. 9-137.GAL4 driving UAS.CD8-RFP is BBB specific in adult and larval brains. A-
D) Ten day old mated female adult brain (n=10) displays 9-137:RFP (blue) with Repo (red). A)
Low magnification stack shows 9-137:RFP is uniformly visible. B) Single slice shows that
9-137:RFP is restricted to the BBB. C) High magnification stack of one brain lobe reveals
9-137:RFP is uniformly visible. D) Single slice demonstrates that 9-137:RFP is restricted to
BBB glia (apical row of pg and medial row of spg nuclei are indicated). E,F) Female third instar
larval brain (n=7) as above. E) Low magnification stack shows 9-137:RFP is uniformly visible.
The transformation marker 3xP3-RFP seen in Bolwig's organ in the center of the optic lobes is
unrelated to 9:137:RFP in the BBB and does not interfere with morphotrap experiments. F)
Single slice of the brain lobes at low magnification indicates that 9-137:RFP is restricted to BBB

glia.
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Fig. S5. BBB morphotrap in athird instar larva shows that ApoL ppl C-eGFP in the brain
isexogenous A-D) Female brain (n=6) with ApoL ppl C-eGFP and CD8-morpho as shown in Fig.
8. A) ApoLppl C-eGFP is uniformly distributed on the brain surface. B) Single slice shows that
ApoLppl C-eGFP isrestricted to the brain surface. C) High magnification stack indicates ApoL ppl
C-eGFP is uniformly distributed on the brain surface. D) Single slice demonstrates that ApoL ppl
C-eGFP is restricted to the brain surface. E-H) Female brain (n=4) with ApoLppl C-eGFP but
without CD8-morpho. E) ApoL ppl C-eGFP isuniformly distributed on the brain surface. F) Single
dlice shows ApoL ppl C-eGFP s present on the surface and inside the brain. G) High magnification
stack of one optic lobe reveals ApoL ppl C-eGFP is uniformly distributed on the brain surface. H)

Single dlice of the same lobe reveals ApoL ppl eGFP is present on the surface and inside the brain.
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Fig. S6. BBB morphotrap in a one day old unmated adult female shows that ApoLppII N-
eGFP in the brain is exogenous. One day old adult virgin female brain (n=3) as shown in Fig. 8
displaying ApoLppll N-eGFP (green) and Repo (red). A) Low magnification stack as two color
and individual channels. ApoLppll N-eGFP is uniformly distributed. B) Single slice of the same
brain indicates that ApoLppll N-eGFP is restricted to the surface. C) High magnification stack of
one brain lobe shows that ApoLpplII N-eGFP is uniformly distributed. D) Single slice of the same

lobe demonstrates ApoLpplIl N-eGFP is restricted to the surface.



apoC-eGFP

Fig. S7. ApoLpp eGFP is not trapped at the BBB by Nrv-morpho. A,B) Single female third
instar larval brain (n=3) expressing Nrv-morpho with 9-137.GAL4 in the BBB that displays
ApoLpp eGFP (green) and Repo (red). A) Low magnification confocal stack of the brain and cord
(with an eye and wing disk) in two colors demonstrating that Nrv-morpho is not effective at
restricting ApoLpp eGFP to the surface. B, B') Low magnification slices of the same brain show
internal accumulation of eGFP near glia in the visual system. C-E) Single ten day old adult mated
female brain expressing Nrv-morpho with 9-137.GAL4 displaying ApoLppl C-eGFP (green), 9-
137:RFP (blue) and Repo (red). D,E) Low and high magnification of the same brain single slices

show the wild type accumulation pattern of ApoLppl C-eGFP in the cortex and medulla.
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Fig. S8. Alignment of 25 human sequences with ApoB48 and ApoB52 separated plus an outgroup.

Hs ApoAl
Hs ApOA2
Hs ApoA4
Hs ApOA5
HsApoB48
Hs ApoB52
Hs ApoCl
Hs ApoC2
Hs ApoC3
Hs ApoC4
Hs ApoD
Hs ApOE2
Hs ApoF
Hs ApoH
Hs ApoJ
HsApoL1
Hs ApoL2
HsApoL3
Hs ApoL4
Hs ApoL5
Hs ApoL6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMTTP

Hs ApoAl
Hs ApoA2
Hs ApoAd
Hs ApoA5
HsApoB48
Hs ApoB52
Hs ApoC1
Hs ApoC2
Hs ApoC3
Hs ApoC4
Hs ApoD
Hs ApoE2
Hs ApoF
Hs ApoH
Hs ApoJ
HsApolL1
HsApol2
HsApolL3
HsApolL4
HsApoL5
Hs ApoL6
HsApoM
HsApoO
HsApoOL
HsMI'TP

HsApoAl
HsApoA2
Hs ApoAd
Hs ApoA5
HsApoB48
HsApoB52
HsApoCl
HsApoC2
HsApoC3
HsApoC4
HsApoD
Hs ApoE2
HsApoF
HsApoH
HsApoJ
HsApoL1
Hs ApoL2
HsApolL3
HsApoL4
HsApolL5
HsApolL6
HsApoM
HsApoO
HsApoQOL
HsMI'TP

POOOOO0OO0OCOORrRrRFRPROOOOOO0OOORrFrORrOOo

OO WRRRRRRRRPEPWRRRRPROROOONRAOR

------------------ VDPPRPALLALLALPALLLLLLAGARAEEEM.ENVSLVCPKDATRFKHLRKYTYNYEAESSSGVPGIADSRS
FDQY! KDSYDLHDLKI Al ANI | DEI I EKLKSLDEHYHI RVNLVKTI HDLHLFI ENI DFNKSGSSTASW QNVDTKYQ RI QF QEKLQQLK

KAWL TLALVAVAGARAEVSADQVATVMADYF SQL SNNAKEAVEHL QKSEL TQQL NAL FQDKL GEVNT YAGDL QKKLVPFATELHERL AK
- MASMAAVL TWALAL L SAFSATQARKGFWDYFSQT SGDKGRVEQN HOOKMAREPATL - - - - - - - - - KDSL EQDL NNWMNKFLEKLRPLSGS
ATRI NCKVELEVPQLCSFI LKTSQCTLKEVYGFNPEGKAL LKKTKNSEEFAAAMSRYELKLAI PEGKQVFLYPEKDEPTYI LNI KRG | S
RHI ONI DI QHLAGKLKQHI EAI DVRVLLDQLGTTI SFERI NDI LEHVKHFVI NLI GDFEVAEKI NAFRAKVHEL | ERYEVDQQ QVLMDK

------------------------------------------- MQPRVLLVVALLAL- = - - -« == = < - s oo omee o oeeo oo
-------- MVMLL LLL SAL AGL FGAAEGQAFHL GKCPNPPVQENFDVNKY- - - LGRWYEI EKI PTTFENGRCI Q- - - - - - - - ANYSLMEN
------ MKVLWAAL L VT FL AGCQAKVEQAVETEPEPEL RQQTEWQSGQRVEL AL GRFWDYL RWQTL SEQVQEEL L SSQUVTQEL RAL NDE
- MTGLCGYSAPDVRGLRLI M PVELLLCYLLLHPVDATSYGKQTNVLVHFPLSLESQ: - - = - - == = = - - - - - TPSSDPL SCQFLHPKSLP
----------------- M SPVLI LFSSFLCHVAI AGRTCPKPDDLPFSTWWPLKTF- - - - - =« = = - - = - - - - - - - YEPGEEI TYSCKP
KTLLLFVGLLLTWESGQVL GDQTVSDNEL QEMSNQGSKYVNKEI QNAVNGVKQ! KTLI EKTNEERKTL L SNL EEAKKKKEDAL NETRESE
AL FL GVGVRAEEAGARVQQONVPSGT DT GDPQSKPL GDWAAGTVDPESSI FI EDAI KY- - < < = < <« <= =< c oo o oca oo FKEKVSTQ
------------------------------------------ MNPESSI FI EDYLKY- - - - <<= = <<=« ===« == - - - - - - FQDQVSRE
------------------------------------------ MDSEKKRFTEEATKY- - - - < == === === === = - - - - - - - FRERVSPV
------------------ MGSWQLI TSVGVQNHPGWIVAGQFQEKKRFTEEV] EY- < < = - - === = === = - = = - - - - - FQKKVSPV
- MPCGKQGNL QVPGSKVL PGL GEGCKEMAL RKVI YGGEVWGKSPEPEFPSLVNLCQSWKI NN - - = - - - < = = = < s oo occe o omcao o
--------------------------------------- VDNQAERESEAGVGLQRD- - - - - - = = = = ==« = == ccm oo cceeo oo
-------------------------------------------- MFHQU WAALLYFY- = - - -« « 2@ o cs oo mee e
-------------- MFKVI QRSVGPASL SLLTFKVYAAPKKDSPPKNSVKVDEL SLY- - - = = = = = <« = = < s 2o cocee o cceao e
------------- MAAI RVGKL TTMPAGL I YASVSVHAAKQEESKKQLVKPEQLPI Y- - < = - = < =« o o e e o oee e oocee e

LYKLTYSTEVLLDRGKGKLQDSVGYRI SSNVDVAL LVWRNPDGDDDQLI QFf TMKDVNVENVNQORGEKSI FKGKSPSKI MGKENL EALQRP

DSEKLKEE] GKELE- - - - - = = - = = = = & & = = £ & & = ot & o ot o f o f il
EAPRL PQDPVGVRRQLQEELE- - - = = - - - = = = = = = £ & & = = x ot ot f o ff il
ALLVPPETEEAKQVLFLDTVYGNCSTHFTVKTRKGNVATEI STERDL GQCDRFKPI RTG SPLALI KGMTRPLSTLI SSSQSCQYTLDAK
LVEL AHQYKL KETI QKLSNVLQQVKI KDYFEKLVGFI DDAVKKLNEL SFKTFI EDVNKFLDM.I KKLKSFDYHQFVDETNDKI REVTQRL

TKLKELPGVCNETMVALWEECKPCLKQ- - - - = = = = = = = = = = = = = % ot @ o ot ot et d e oo i
NLLLLLTDNEAWKNGEVAAAEL PR- - = - - = = = = = = = £ % & = = £ & & & £ @ o ottt ot f it il

HLQ LLTNNEAWKREVTAAELPR: - = - - - = = = = = = £ % & = = £ £ @t ot o o ottt ot f it ii oo iiii oo
HLKI LLTSDEAVKREVRVAELPR: - = - - - = = = = = = £ % & = = £ & o ot ot o o ottt ot d i i il

TLLHLI HGKVKEFYSYQNEAVAI ENI KRGLASLFQTQLSSGI TNEVDI SGNCKVTYQAHQDKVI KI KALDSCKI ARSGFTTPNQVLGVSS

11



Hs ApoAl
Hs ApOA2
Hs ApoA4
Hs ApOA5
HsApoB48
Hs ApoB52
Hs ApoCl
Hs ApoC2
Hs ApoC3
Hs ApoC4
Hs ApoD
Hs ApOE2
Hs ApoF
Hs ApoH
Hs ApoJ
HsApoL1
Hs ApoL2
HsApoL3
HsApoL4
HsApoL5
Hs ApoL6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMTTP

Hs ApoAl
Hs ApOA2
Hs ApoA4
Hs ApOA5
HsApoB48
Hs ApoB52
Hs ApoCl
Hs ApoC2
Hs ApoC3
Hs ApoC4
Hs ApoD
Hs ApOE2
Hs ApoF
Hs ApoH
Hs ApoJ
HsApoL1
Hs ApoL2
HsApoL3
HsApoL4
Hs ApoL5
Hs ApoL6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMTTP

Hs ApoAl
HsApoA2
Hs ApoAd
Hs ApoA5
HsApoB48
HsApoB52
HsApoCl
HsApoC2
HsApoC3
HsApoC4
HsApoD
Hs ApoE2
HsApoF
HsApoH
HsApoJ
HsApoL1
Hs ApoL2
HsApolL3
HsApoL4
HsApolL5
HsApolL6
HsApoM
HsApoO
HsApoQOL
HsMI'TP

427
451

14

96
124
95
74
138
124
65
65
89
80
37
32
62

310

RKHVAEAI CKEQHL FLPFSYKNKYGWAQVTQTLKLEDTPKI NSRFFGEGTKKMGLAFESTKSTSPPKQAEAVLKTLQELKKLTI SEQNI
NGEI QALELPQKAEALKLFLEETKATVAVYLESLQDTKI TLI I NWL.QEAL SSASL AHVKAKFRETL EDTRDRMYQVDI QQELQRYLSLVG

KATSVTTYKI EDSFVI AVL AEETHNFGLNFLQTI KGKI VSKQKLELKTTEAGPRLMBGKQAAAI | KAVDSKYTAI Pl VG- - - - - - - - - - -
------------------------------------------------------------------------ EVKAKVQPYL DDFQKKWWQ
------------------------------------------------------------------------ ELRARLLPHANEVSQKI G
------------------------------------------------------------------------ EVKARL QPYMAEAHEL VG
QRANLFNKLVTELRGLSDEAVTSLLPQLI EVSSPI TLQALVQCGQPQCSTHI LQALKRVHANPLLI - - - - - - DWTYLVALI PEPSAQQL

QVYSTLVTYI SDWATLAAKNL TDFAEQYSI QDWAKRMKALVEQGFTVPEI KTI LGTMPAFEVSL QAL QKATFQTPDFI VPLTDLRI PSVQ

........................................................................ NQEL RADGTVNQ EGEAT
........................................................................ ETRARL SKELQAAQARLG
........................................................................ SHVAPL PKFLVSLAL RNA
........................................................................ VSRGGVRKFI CPLTGLWP
........................................................................ TCVKFYARVCRSGSGLVG
........................................................................ NEADEL RKAL DNLARQM

........................................................................ DEADEL RKAL NKLASHW
........................................................................ DEADAL YEAL KKLRTYAA
------------------------------------------------------------------------ EEADAL YEALKNLTPYVA
------------------------------------------------------------------------ LMSTVHSDEAGVL SYFLF
........................................................................ EDDAPL CEDVEL QDGDL S
------------------------------------------------------------------------ G | LNSI YQCPEHSQLTT
........................................................................ SVPEGQSKYVEEARSQLE
------------------------------------------------------------------------ TAPPLQSKYVEEQPGHLQ
........................................................................ QVFQSHCKGCPSLSELVR

EEMELYRQKVEPLRAEL- - - - - = =« <<= == - - - - QEGARQKLHEL QEKLSPLGEE: - - - = = = = == == == oo e e oe e e e
--------------------------------------- MKLLAATVLLLTI CS- - - < = < == === mmmm e mm e mmoe e e
DNLRELQQRLEPYADQLRTQVSTQ- - - - = - - - - - AEQLRRQLTPYAQRVERVLRE- - - - - = < <= <= <= o e e e oo e o
WKNLEGLRQQLKPYTVDL- - = - = - = = = - = - - - - MEQVALRVQELQEQLRVVGED- - - = - = - = == == = o s om e oe e e e
REI FNMARDQRSRATL YAL SHAVNNYHKTN- PTGTQELLDI ANYLMEQ QDDCTGDEDYTYLI LRVI GNMBQTMVEQL TPELKSSI LKCVQ
I NFKDLKNI KI PSRFSTPEFTI LNTFHI PSFTI DFVEMKVKI | RTI DQVLNSELQWPVPDI YLRDLKVEDI PLARI TLPDFRLPEI Al PE

----------------------------------- MRLFLSLPVLVWVLSI VLEG: - - - = = = = = == === s e e o meao o cee e
------------------------------------ MGTRLLPALFLVLLVLGFE- - - - <« =« = =« = oo mm e e o oce oo e
---------------------------------- LASARASEAEDASL L SFMQGY- - - < = = = =<« =« s c e oo mmaa e
-------------------------------------- VBLLRNRLQALPALCLC - = = - = === = == s s s mms e o oeee e
PVNLTEPAKLEVKFSWEM - < = - - <<=« - =<« - - PSAPYW LATDYENYALVYSG- - - < = = = =« ==« < s e e ommea o occeo e
ADVEDVCGRLVQYRGEVQAMLGQS- - - - - - - - - - TEELRVRLASHLRKLRKRLLR: - = - = =« = = = <« c 2o o oee oo oceao oo
L EEAGCQADVWAL QLQLY- = - - == === === - - RQGGVNATQVLI QHLRGLQKG: - - < = = = === == s s e oo mmee o mca o oea o
| NTLKCTPRVCPFAGI LE- = - - <<= =--cz2--- NGAVRYTTFEYPNTI SFSCNT- - - < = = = =« =« < s s oo mmea o oea o oca o
RQLEEFLNQSSPFYFW/NGDRI DSLLENDRQ- - - QTHMLDVMQDHFSRASSI | DE- - = - = - < = = = = ===« = sc e oo meeoocceo o
IMKDKNWHDKGQQYRNWEL KE- - - - = = - = - = = - - - FPRLKSELEDNI RRLRALADG: - - = = = = = = = = = = === =< sc s e o mcao e o
IMKDKNRHDKDQQHRQAEL KE- - - < = = = = - = = - - - FPRLKREL EDHI RKLRALAEE- - - < = = = = ==« < === 2o ocea o ocao e
| EDEYVQQKDEQFREWFLKE- - - < = = = - == - - - FPQVKRKI QESI EKLRALANG: - - = = = = = === = = === oo omea o mmcao e
| EDKDVQQKEQQFREWELKE- - - < < = = - < = - - FPQ RWKI QESI ERLRVI ANE- - - < = = = = ==« <= s s oo mmea o meao e
EEL MRCDKDSMPDGNL SEEEKLFLSY- - - - - - - - FPLHKFELEQNI KELNTLADQ - - < = = = = == = = === 2= m e e o ocaooca o
PEEKI FLRE- - - =« == === === mceaomccamos FPRLKEDLKGNI DKLRALADD- - - - = = = = = = = = = === 2o os e o ocaooca o
L GVDGKEFPEVHL GQA- - < = = = === == == - - FI AGAAPTKEELATFDPVDNI - - - < = = = =« =« < s s oo omea o oeao e
ES| SQLRHYCEPYTTWCQETYSQT- - - - - - = - - - KPKMQSLVQWELDSYDYL QNA- - - - = = = = = = = = < s s s oo oce e o mceo e
MGFAS| RTATGCYl GACKGVYVFV- - - - - - = - - - KNGl MDTVQFGKDAYVYLKNP- - - « =« = - <« 2o o ce oo ocee oo
STRKYL QPDNL SKAEAVRNFLAF- - - = - - - - - - - | QHLRTAKKEEI LQ LKVENK- - = = = = = =« == = < s oo oee oo

12



Hs ApoAl
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Hs ApOA2
Hs ApoA4
Hs ApOA5
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Hs ApoB52
Hs ApoCl
Hs ApoC2
Hs ApoC3
Hs ApoC4
Hs ApoD
Hs ApOE2
Hs ApoF
Hs ApoH
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HsApoL1
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HsApoL3
HsApoL4
HsApoL5
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Hs ApoAd
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Fig. S9. Alignment of 11 fly sequences with ApoL pp and ApoL TP separated plus an outgroup.
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Fig. S10. Alignment of 25 human and 11 fly sequences with ApoB, ApoL pp and
ApoL TP separated plus both outgroups.
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TMEQLTPELKSSI LKCVQSTKPSLM QKAAI QAL RKMEPKDKDQEVL L QTFL DDASPGDKRLAAYLMLMRSPSQADI NKI
FRLPEI Al PEFI | PTLNLNDFQVPDLHI PEFQLPHI SHTI EVPTFGKLYSI LKI QSPLFTLDANADI GNGTTSANEAG A

| KRGLASLFQTQLSSGTTNEVDI SGNCKVTYQAHQDKVI KI KALDSCKI ARSGFTTPNQVLGVSSKATSVTTYKI EDSFV
LERG ASLLQLRLDASQEEEL DVSGLCRVSYNVKSSTKVEKTKRDCSLWDL RVNYNPEEAL GVTQQAQETVFYEL SSEGT
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SYVTI RKTKDI NSCRQRYATHSVL QTTPYTF- - - - - = = - - -« 2 o mx et i e i i ie oo iieo oo

VQ LPVEQNEQVKNFVASHI ANI LNSEEL DI QDL KKLVKEALKESQL PTVIVDFRKFSRNYQL YKSVSL PSLDPASAKI EG
AS| TAKGESKL EVLNFDFQANAQL SNPKI NPLAL KESVKFSSKYLRTEHGSEM_FFGNAI EGKSNTVASLHTEKNTLELS

I AVLAEETHNFGLNFLQTI KGKI VSKQKL ELKTTEAGPRLMSGKQAAAI | KAVDSKYTAI Pl VGQVFQSHCKGCPSL SEL
L LHAESQENHRL NLAAKPDVGSFVKSSL I L QHVSQGSEEVKQL QL GSLDKAI QSLLEWYRVFELESDVDGM SAI KEQ- -

QNI LKVI GTPDKTNSDFRI SRDTSELI KLTSESQHPCQDKI SFAKLNLI VKNQL TAKGEFRVAKNGKGDFTASI DTLKTEP

NLI FDPNNYLPKESMLKTTLTAFGFASADLI El GLEGKGFEPTL EAL FGKQGFFPDSVNKAL YW/NGQVPDGVSKVL VDH
NGVI VKI NNQL TLDSNTKYFHKLNI PKLDFSSQADLRNEI KTLLKAGH AW SSGKGSWKWACPRFSDEGTHESQ SFTI

33



DmApoLppl
DmApoLppl |
DmApoLTPI

DmApoLTPI |
DnCG31659

DmCvD
DFabp
Dm3d az
DmM c26- 27
DNl az
Hs ApoAl
Hs ApoA2
Hs ApoA4d
Hs ApoA5
HsApoB48
Hs ApoB52
Hs ApoCl
Hs ApoC2
Hs ApoC3
HsApoC4
Hs ApoD
Hs ApoE2
Hs ApoF
Hs ApoH
HsApoJ
HsApoL1
HsApoL2
HsApoL3
HsApoL4
HsApoL5
Hs ApoL6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMI'TP
Dmivt p

DmApoLppl
DmApoLppl |
DmApoLTPI

DmApoLTPI |
DnCG31659

DnCvD
DFabp
Dm3d az
DM c26- 27
DNl az
Hs ApoAl
Hs ApoA2
Hs ApoAd
Hs ApoA5
HsApoB48
Hs ApoB52
Hs ApoC1
Hs ApoC2
Hs ApoC3
Hs ApoC4
Hs ApoD
Hs ApoE2
Hs ApoF
Hs ApoH
Hs ApoJ
HsApolL1
HsApolL2
HsApolL3
HsApolL4
HsApolL5
HsApolL 6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMITP

KHKLEI ESKFHI QSPKYDI DASLTL DGKRKVHLKSENTI EKLKFSTKNI GEANDKI | AFEANGSL KGEL RGNGEI QGTFI

FGYTKDDKHEQDMYNG MLSVEKLI KDLKSKEV- - = = = = = « = = <« « & ot e e e oia o oiee oo
EGPLTSFGLSNKI NSKHL RVNQNL VYESGSL NFSKL El QSQVDSQHVGHSVL TAKGVAL FGEGKAEFTGRHDAHL NGKVI

FNAPDGRVI DGSI NRKI STNAKSGL SQGNI DAQL
---------- TKARNLNSCSHREQI NSGLVSGKV- - - = = = = = = = = <« 2 et i e i oea oo
GAASL NFDLREFTL TMNGYVKKFTDNMLTVNI TTPLEKFGTI NARFGLNEKKRHAVAEVRAPTAAL GVEVLADI KNLLNF

LRKTEPKPERH - = = - = = = = = = = = = = = e e e e e e

-------- CPDVKLLDT

FQDKL GEVNT YAGDL QKKL

---------- QDLNNWNKFL EKL RPL SGSEAPRL
---------- PEARAYLRI LGEELGFASLHDLQL
GTLKNSLFFSAQPFEI TASTNNEGNLKVRFPLRL

------ I KVLNQELRADGTVNQ EGEATPVNLTE

MDETMKELKAYKSELEEQL

--------- FPLSLESQIPSSDPL SCQFL HPKSL

NGAVRYTTFEYPNT

---------- DALNETRESETKLKELPGVCNETM = = - - = « = = = <« =« © = x 2o oot e oo omi e o oiai oo
---------- NEADEL RKALDNLARQW MKDKNW = = - - = « = = = = <« & ottt e oo i e oo
---------- DEADEL RKALNKLASHM/IVKDKNR: = = - - = « = = = = <« =« © = x 2o @ ot oo o omie o oiai oo

---------- EEADAL YEALKNLTPYVAI EDKDIV - = - - = = = = = < = = =« = x 2o @t e oo omie o oia oo

DEAGVL SYFLFEEL MRCDKDSMP:

---------- DSLEAI LDFLDFKSDSSI | LQERF
---------- TLEDQLKASL TELQSADVGKSSLA- - - = = = = = = = = = ==« 2@ o c s oo m e i o iia oo

34



DmApoLppl <1<} e SDTPFGSNKK= = = = = = = = = = = = = = = = = = e e e oo oo

DmApoLppl | 208  ----eieeeeeeeoeooo-- NEKAG TSSL- - - = - - m s s e e e e e e oo oo
DmApoLTPI 1118 DVKLSVATPI ESFQQAAI FALFNPERVDVRGLWANVTL GFTGVYWHMONI TDFEYSYHVFTPLAGFEENGF VQLLKRKEF
DmApoLTPI | A B e YKEI KCLETH - - - - - oo - m o e o e e
DnCG31659 ] L DIVDRFKGKWY = = = = = = = = = = = = m e e m e e e e e e e oo
DnCvD 620  c-ee e i oo 120 N S R R e
DFabp - o R e SN
D3 az L FNVBRVLGHW - - = - - - = o e e o e e e e e e e e e
DM c26- 27 Y I T R PPQDSVLHKN- - - = - - - o m e e e e e e i
DNl az 41 e FDAEAYMGVWY - = = = = = = o o m e e m e m e e e e e e eeaoo
Hs ApoAl K I T T
Hs ApoA2 i T T T T L T LT
Hs ApoA4d N VPFATELHER- - - - == === c o s o s e e i e oo
Hs ApoA5 86 ----------o-aoooo--- PQDPVGAVRRQ: - - - = = = s mm s e s m e e e e e oaa oo
HsApoB48 795 --eee oo LGKLLLMGAR- - - = - - - = o m s e e e oo e e oo
HsApoB52 885 @ - TGKI DFLNNYA- - - - - o oo e e e e e e e e e e
HsApoCl 33 ce e LDKLKEFGNT - - = = = = = = e e e e e e e e e e e e e e o oo
Hs ApoC2 4 T T R
Hs ApoC3 A I e L
HsApoC4 1 I e PPKLKMBRWB- - - = - = s - e s e o e o e e e
HsApoD 102 ----em e PAKLEVKFSW - - - - - o oo m e e e o i e
HsApoE2 101 -----mmee e e TPVAEETRAR- - - - - - s - oo e e e e e
Hs ApoF VL R T T R PGFSHMAPLP- - - - - - o s o e e o e
Hs ApoH 106 -----emmeme e | SFSCONTGRY=- - - - e m o e oo oo oo
HsApoJ 107 ----emmme e MALMEECKPG- - - = - == - o s s s o e s i e o e e
HsApolL1 150 HDKGQQYRNW - = - = - = o = m et o o e e et e e e e e
HsApol2 7 HDKDQQHRQW - = = = = = = = o = m o e et e e e e e ea oo
HsApol3 7 QQKDEQFREW - - = = = = = = = = o et e o e e e
HsApolL4 S I R T R P (0.0 (=0 0 3 o e
HsApolL5 A [ N RS = = o R i I
HsApoL6 T T I L L T RIS
HsApoM 38 c-eeeeeeeee e FPEVHL GO - - - = = = - = s e e e e e e e e ao oo
HsApoO e e YSVPEGQSKY- = = = = = - oo oo e
HsApoQOL 44 oo YTAPPLQSKY- - = - - = oo s o e e m e e oo
HsMI'TP 394 - - o e LYACGFASHP- - - - - - - s o m e e e o oo
Dnivt p N I R LAYVKLI PLAR- - - - - - oo s e e e e e e e e e
DmApoLppl 871 -- e RSISLIGKLDR--------------cmmmmmmm e e -
DmApoLppl | 218 - - e LLQANYI KESR- - - == - === - m s e e e e e e e o
DmApoLTPI 1198 VFQLHGKMSNYKL GVKI NGEPKSDL VNQL GSNKMVEL EM. YDADFKPLNAETDYKPDADEEYFSYFTNFQVDTLVWPTI VG
DmApoLTPI | A Y A e LLVPFSNASSG- - - - - - - - - - o - oo i oo
DnCG31659 e e T YTHSI YPHLSLR- - - == - = - - - - e e e e e e e e e e oo - -
DnCvD [ A e GNYI FDYRDSKFG- - - - === === s s e e e e e e e e m oo
DnFabp L e T T VEVT- - - mm e m e e e
D3 az Y e e R YEVERSFYLPE- - - - - - - - mmm e e i e -
DM c26- 27 (] I i LEAGVRYVREE- - - == === - c s s e e e e e
DN az N e YEYAAYPFAFE- - - - - - - - - o e o e e e e e oo o
Hs ApoAl K e T T
Hs ApoA2 i R T T T T T L T IS
HsApoA4d L e LAKDSEKLKEE---------------“--“--“--------
Hs ApoA5 L e e LQEELEEVKAR- - - - = - - oo e e e e
Hs ApoB48 805  m e e TLQG PQVI GE- - - - - m s mmmmmmmmm e
HsApoB52 896 @ -------eime oo LFLSPSAQQRASWQ - - - - - == - == s s m e e e e o -
HsApoCl e e LEDKARELI SR-------------cmmmmmmmmm e o -
Hs ApoC2 4 T e PR
Hs ApoC3 A I e T T
Hs ApoC4 L R T L T L L e
HsApoD 112 cm e FMPSAPYW LA------- - s e mmm e e e e e -
Hs ApoE2 R e R T LSKELQAAQAR- - - - = - - s e s s e e e e
Hs ApoF T e KFLVSLALRNA- - - - - - oo e e
Hs ApoH i T e I LNGADSAKCTE- - - - - - - - - - - e e oo m - - -
HsApoJ e LKQTCMKFYAR- - - = = =« - e e e e e e o o -
HsApolL1 140 - - - e e m e FLKEFPRLKSE---------------““------o- -
HsApolL2 N e FLKEFPRLKRE---------------commmmmem -
HsApolL3 N I FLKEFPQVKRK- - = = = = = = e e e e e e e o -
HsApolL4 105  --m e FLKEFPQ RAK- - - = = = - e e e e e e o o
HsApolL5 102 c- - m e FLSYFPLHKFE---------------““-------------
HsApolL6 A e FLREFPRLKED---------------““-------------
HsApoM e FI AGAAPTKEE----------------c-mmmme e -
HsApoO X I e e VEEARSQ - ---------mmmmmmmm e
HsApoQOL Y e e VEEQPGHLQMG- - - - === - s e s o e e e e oo
HsMITP L e R R NEELLRALI SK- - - - - o - e e e oo
Dnivt p K R | TROEQFEDLLTE------------mmmmmmmmmm e m oo o -

35



DmApoLppl Y- 72

DmApoLppl | 37 T
DmApoL TP 1278  NVDI QEl | DFYLVVGHVEL PQGKVEFKDRLHYPDY! NVHNLLTVTTPFAVAKNI KSI VEYHVDLNFNAFYERVKFI VNDD
DMApOLTPI | 208 e oo
DnCG31659 T
DCvD BAd -
DFabp . e N SN
Dnd az (S I e e e
DM c¢26- 27 L I R T
DN az <7
HsApoAl 1
Hs ApoA2 R L T T LT L E e E T
HsApoAd 102 mm e e e e e
Hs ApoA5 1 g
HsApoB48 < J
HsApoB52 T L T
HsApoCl o
HsApoC2 2 J
HsApoC3 22
HsApoC4 R
HsApoD T2 T
Hs ApoE2 27
HsApoF L I R R
Hs ApoH R T
HsApoJ T J g
HsApoL1 1 g
HsApoL2 7
HsApoL3 7
HsApoL4 116 = m e m e e e e e e e e e
HsApoL5 T g
HsApoL6 3 e
HsApoM o
HsApoO <
HsApoQOL B s m s m o m o e o o e e oo
HsMITP R L e R
Dt p KK A R R T
DmApoL ppl L LNT- - KTKEFSANSNLVYTAFNGEKS- - - - - - - - - - - -
DmApoLppl | e | VN - HLI ENVQLTETYKFI GNTKRNSDI - - - - - - - - -
DmApoL TP 1358  KDNTQELGFVFNYTALQDNVKPKAHDVQVTLLTPYEM.HEI YVHGHI ELDDNAYKGNI SAVTAHTHL SMAASI ENEDNFL
DmApoOLTPI | 208 e ALT- - TSTSRLKLDGVESYSAGEFLEQNPELV- - - - - -
DnCG31659 LY I e VEK- = = = o m e e e e e e e
DCvD BA4 e | GA- - MLQVFLVGDPKSDMPVWAFFKFDTEALG: - - - -
DrFabp A4 e LEG -D-----mmmmmmmmmmmm e ee e
Dnd az (S I e e e e R
DM c¢26- 27 79 i VQ5- - GYKAVA- - - - - omm e
DNl az 37 1
HsApoAl e
Hs ApoA2 R L LT T T LT L e T T
HsApoA4 102 s e e | GK- - ELE----==--mmmmmmmmmemeeeas
HsApoA5 O LQP- - YMAEAHELVGANLE- - - - - = == === === == - - -
HsApoB48 BLB e m oo VI R- - KGSKNDFFLHYI FMENAFELPTGAGLQLQ! - - -
HsApoB52 909 e VSA- - RENQYKYNQNFSAGNNENI MEAHVG NGEANLD
Hs ApoCl Y e e D [ KQ -S-mmmmmmmm e mm e e
HsApoC2 2 J
HsApoC3 22
HsApoC4 e R L e T L LT TP
Hs ApoD 123 cmee e T----DYENYALV- - - - - w o me e oo
HsApoE2 i e R LGA- - DVE--- - == s s e mmm e mmmm e e e e -
HsApoF 05 e LEE- - AGCQAD- - - - - === - mmmmmm e
Hs ApoH 127 e EGK- - WBPEL- - - - - - - mmmmee e
HsApoJ L VCR- - SGSGLVGRQLEEFL- - - -~~~ ==---------
HsApoL1 i LED- - Nl RRLRALADGVQK- = = = = === === === == = - -
HsApoL2 92 e LED- - Hl RKLRALAEEVEQ - - - - === === ==~~~ -~
HsApoL3 92 e | QE- - SI EKLRALANG] EE-- - --------nmmmmnnn
HsApoL4 116 - mmm e | QE--SI ERLRVI ANEl EK- - - == === - - o m e s
HsApoL5 S LEQ - NI KELNTLADQVDT- === = === === ==~~~ -~
HsApolL 6 B3 s LKG- - NI DKLRALADDI DK- = - = = = = = = == = = = = = o -
Hs ApoM [T Yy 1Ny =
HsApoO B0 s LEE--SI SQLR- === =mmmmmmmmmm e
HsApoOL (41 e e FASI R- - - - c s mm e e e e e e -
HsMITP 415 oo FKG - SI GSSDI RETVM | TGTLVRKLG- - - - - - - - - -
Dt p 337 HAE- - VLPQLVDLLGAVQTFD- - - = == = == == - = - - - -

36



DmApoLppl
DmApoLppl |
DmApoLTPI

DmApoLTPI |
DnCG31659

DnmCvD
DFabp
Dmd az
DmM c26- 27
DNl az
Hs ApoAl
Hs ApoA2
Hs ApoA4d
Hs ApoA5
Hs ApoB48
Hs ApoB52
Hs ApoCl
Hs ApoC2
Hs ApoC3
Hs ApoC4
HsApoD
Hs ApoE2
Hs ApoF
Hs ApoH
HsApoJ
HsApoL1
HsApoL2
HsApoL3
HsApoL4
HsApoL5
Hs ApoL6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMI'TP
Dmivt p

DmApoLppl
DmApoLppl |
DmApoLTPI

DmApoLTPI |
DnCG31659

DmCvD
DFabp
Dm3d az
DM ¢c26- 27
DNl az
Hs ApoAl
Hs ApoA2
Hs ApoAd
Hs ApoA5
HsApoB48
Hs ApoB52
Hs ApoC1
Hs ApoC2
Hs ApoC3
Hs ApoC4
HsApoD
Hs ApoE2
Hs ApoF
Hs ApoH
Hs ApoJ
HsApolL1
HsApol2
HsApolL3
HsApolL4
HsApolL5
HsApolL 6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMITP

------------- El SYQ KQQPN- - GDAKNI DFSLKAYGNPLPQP- - - <= - === ===« --------- - FE| AFALG
------------- SAKWTI LKLKNPSGTKANSPGTGSTVRSLI FQRPETYTSKNI - - - - - = - - - = = - - - - - NALKTI LS
ETSVG QLETDAI PHYGCQVYFKK- - DFSAVDKAI DI RFEVTDNGTLNQLHI STDWHTDPSY! VNANGRI KTTMLPLQVA
------------- ERRATLVFDHT- - PAVKPSHDEI KAARELLV- - - -« == = =<« = ===« == - - - - - - - ENCRVGFP
------------- OQSTDFI EKEE- - - -« == = === === smmmmeeoomeeaomccaooooo oo - - NKFSWAR
------------- KFTGQLALY! KARGLPDTI LNKMQSRNGSDPFTFKSI K- - < = = = - === = - === - - - - - ALLAMLQA
------------- TYTLTTTSTFK- = TSAI SFKLGVE- - - « = = = =« = = = <=2 oo ox s oo omea o oieo oo
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------------- GLRQQLKPYTM - DLMEQVALRV- - - = = = = <« = o= ccweommeaooeeo oo oo - QELQEQLR
------------- SSSGVI APGAK- - AGVKL EVANMQAELVAKPSVSVEFV- - - - == - - <<= === - - === TNMG | | P
FLNI PLTI PEVRLPYTI | TTPPLK- - DFSLWEKTGLKEFLKTTKQSFDL SVKAQYKKNKHRHSI TNPLAVL CEFI SQSI K
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------------- SFMQGYMKHAT- - KTAKDALSSVQ- - - = - - = = = = = =< =2 = < x e o oea oo ccea e oea oo
------------- LVRGRIVE - - = = = = = = = = = =« @ = o ot ot o f e il
------------- YSCTCl | QLFH- - VDFAW LARNP- - < < = = - <<= ===« =o=cccooowooo—oooo - NLPPETVD
------------- DVCGRLVQYRG: - EVQAMLGQST- = = = = - === == === == ccoo-ccaooocoo----- EELRVRLA
------------- VWALQLQLYRQ - GOVNATQVLI Q - -« === == s == mcemmmceocaamoooo - - HLRALQKG
------------- PVCAPI | CPPP- - S| PTFATLRV- < = = < < === = s 2o cceomcoa oo oo o - YKPSAGAN
------------- NQSSPFYFWWNGDRI DSLLENDRQQT- - - - < = = === == === === === == - === = - - - - - HVLDVMQD
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------------- TATGCY! GACK- - GVYVFVKNGI M - < = = = < === - s oo o oceo oo oo oo oo - DTVQFGKD
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---------------- AY VY- - o o o il
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-------------------------------- NFKLAVAI - - = = <« == = < < KNI NRI TGNP- = - - =« === == oo oo
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L RDADDL QKRL AVYQAGAREGAERGL SA! - - - RERLGPLV- - - - EQGR:- - - - VRAATVGSLA- = - - <« === =< oo -
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ASYVSI DEFYI | VNWESKKLKLDGYEL EARAQSKNI KI QLKNENG | FSGTATYALKKELNKTI | DGQCKVQYQGKALSG

--------------------------------------------- RKI KGVI S| PRLQAEARSE! LAHWSPAKLLLQVDS
-------- LNGNTKSKPTVSSSVEFKYDFNSSM. YSTAKGAVDHKL SLESL TSYFSI ESSTKGDVKGSVL SREYSGTI AS

SATAYGSTVSKRVAVWHYDEEKI EFEVWNT GTNVDTKKMI' SNFPVDL SDYPKSLHMYANRL L DHRVPQTDMIFRHVGSKLI V
EANTYLNSKSTRSSVKLQGTSKI DDI WNLEVKENFAGEATLQRI YSLVWEHSTKNHL QLEGLFFTNGEHTSKATLEL SPVWQ
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I'1 VDLRDFGYPYEFELKSONTRQGLKYQYHLDSFI | TGNNFKYQFTANVOPTSSTI KLALPKRQ LFETTQKI PADGSLF

AVMBSW. QKASGSL PYTQTLQDHLNSL KEFNL ONMGLPDFHI PENL FLKSDGRVKYTLNKNSLKI El PLPFGGKSSRDLKM
MSAL VQVHASQPSSFHDFPDL GQEVAL NANTKNQKI RAKNEVRI HSGSFQSQVEL SNDQEKAHL DI AGSLEGHL RFLKNI

LETVRTPALHFKSVGFHLPSREFQVPTFTI « - - - = = = - = =« = = = e o et ot et e e
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41



DmApoLppl
DmApoLppl |
DmApoLTPI

DmApoLTPI |
DnCG31659

DmCvD
DFabp
Dm3d az
DmM c26- 27
DNl az
Hs ApoAl
Hs ApoA2
Hs ApoA4
Hs ApoA5
HsApoB48
Hs ApoB52
Hs ApoCl
Hs ApoC2
Hs ApoC3
Hs ApoC4
HsApoD
Hs ApoE2
Hs ApoF
Hs ApoH
HsApoJ
HsApoL1
HsApoL2
HsApoL3
HsApoL4
HsApoL5
Hs ApoL6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMI'TP
Dmvt p

DmApoLppl
DmApoLppl |
DmApoLTPI

DmApoLTPI |
DnCG31659

DmCvD
DFabp
Dm3d az
DM ¢c26- 27
DNl az
Hs ApoAl
Hs ApoA2
Hs ApoAd
Hs ApoA5
HsApoB48
Hs ApoB52
Hs ApoC1
Hs ApoC2
Hs ApoC3
Hs ApoC4
HsApoD
Hs ApoE2
Hs ApoF
Hs ApoH
Hs ApoJ
HsApolL1
HsApol2
HsApolL3
HsApolL4
HsApolL5
HsApolL 6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMITP

QVPLLGVLDLSTNVYSNL YNWSASYSGGNT STDHFSL RARYHVKADSVVDL L SYNVQGSGETTYDHKNTFTL SCDGSL RH
KNPNGYSFSI PVKVLADKFI | PGLKLNDLNSVLVMPTFHVPFTDLQVPSCKLDFREI Qf YKKLRTSSFALNLPTLPEVKF

42



DmApoLppl
DmApoLppl |
DmApoLTPI

DmApoLTPI |
DnCG31659

DmCvD
DFabp
Dm3d az
DmM c26- 27
DNl az
Hs ApoAl
Hs ApoA2
Hs ApoA4d
Hs ApoA5
HsApoB48
Hs ApoB52
Hs ApoCl
Hs ApoC2
Hs ApoC3
Hs ApoC4
HsApoD
Hs ApoE2
Hs ApoF
Hs ApoH
HsApoJ
HsApoL1
HsApoL2
HsApoL3
HsApoL4
HsApoL5
Hs ApoL6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMI'TP
Dmvt p

DmApoLppl
DmApoLppl |
DmApoLTPI

DmApoLTPI |
DnCG31659

DCvD
DFabp
Dm3d az
DM ¢c26- 27
DNl az
Hs ApoAl
Hs ApoA2
Hs ApoAd
Hs ApoA5
HsApoB48
Hs ApoB52
Hs ApoC1
Hs ApoC2
Hs ApoC3
Hs ApoC4
HsApoD
Hs ApoE2
Hs ApoF
Hs ApoH
Hs ApoJ
HsApolL1
HsApolL2
HsApolL3
HsApolL4
HsApolL5
HsApolL6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMITP

Q NSNAAVDI EAHEYNI GLELNNGEI DVKAI SFLNKEKFEI SLSESNKHI | Y1 VGDFSKONHYAKLNTKVQ LDKNPI El

KFLDSNI KFSHVEKL GNNPVSKGL LI FDASSSWGPQVBASVHL DSKKKOQHL FVKEVKI DGQFRVSSFYAKGT YGL SCQRD
PEVDVLTKYSQPEDSLI PFFEI TVPESQLTVSQFTLPKSVSDG AALDLNAVANKI ADFELPTI | VPEQTI El PSI KFSV

PNTGRLNGESNLRFNSSYLQGTNQ TGRYEDGTLSLTSTSDLQSG | KNTASLKYENYEL TLKSDTNGKYKNF- - - - - - -
PAG VI PSFQAL TARFEVDSPVYNATWSASL KNKADYVETVLDSTCSSTVQFLEYELNVL GTHKI EDGTLASKTKGTFAH

43



DmApoLppl
DmApoLppl |
DmApoLTPI

DmApoLTPI |
DnCG31659

DmCvD
DFabp
Dm3d az
DmM c26- 27
DNl az
Hs ApoAl
Hs ApoA2
Hs ApoA4
Hs ApoA5
Hs ApoB48
Hs ApoB52
Hs ApoCl
Hs ApoC2
Hs ApoC3
Hs ApoC4
HsApoD
Hs ApoE2
Hs ApoF
Hs ApoH
HsApoJ
HsApoL1
HsApoL2
HsApoL3
HsApoL4
HsApoL5
Hs ApoL6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMI'TP
Dmvt p

DmApoLppl
DmApoLppl |
DmApoLTPI

DmApoLTPI |
DnCG31659

DnCvD
DFabp
Dm3d az
DM c26- 27
DNl az
Hs ApoAl
Hs ApoA2
Hs ApoAd
Hs ApoA5
HsApoB48
Hs ApoB52
Hs ApoC1
Hs ApoC2
Hs ApoC3
Hs ApoC4
Hs ApoD
Hs ApoE2
Hs ApoF
Hs ApoH
Hs ApoJ
HsApolL1
HsApol2
HsApolL3
HsApolL4
HsApolL5
Hs ApolL 6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMITP

237

652

SEYI SENI KERLKKSRQVTDKI VKLAKEAGPDFSKL QGKLLDYKNDI VQELEADQSI API | D@ RTLFKKI AG VDDI NK

--------------------- ATSNKVDMIFSKONAL LRSEYQADYESL RFFSLL SGSLNSHGLELNADI LGTDKI NSGA
RDFSAEYEEDGKYEGL QEVEGKAHLNI KSPAFTDLHL RYQKDKKG STSAASPAVGT VGVDIVDEDDDFSKVWNFYYSPQSS

Al SEI LEKAQKSI VDI YDKL QALVKDSLLKAVEDF! | TVQKLI STLKTEFI KI CTQSFKDL L SALEKYGPALKNYGKAI G
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EL L KDL SKEAQEVFKAI QSLKTTEVLRNLQDLLQFI FQLI EDNI KQLKEMKFTYLI NYI QDEI NTI FSDYI PYVFKLLKE

-------------------------------------------------------------------------- MBTYTG
----------------------------------------------------------------------------- LLK
------------------------------------------------------------------- QARLKSWFEPLVE
------------------------------------------------------------- PALRSGVQQLI QYYQDQKD
---------------------------------------------------------- KFKNGML HGDKVSFFCKNKEKK
--------------------------------------------------------- MLNTSSLLEQLNEQFNVWSRLAN
------------------------------------------------------------- GVKL TDVAPVSFFLVLDW
------------------------------------------------------------- GTM VGAATGG LLLLDW
------------------------------------------------------------- GARI LSATTSG FLALDW
------------------------------------------------------------- VARNL GKAT SGVLWLDW
------------------------------------------------------------- GAWMGAAGAGFL L VKDVB
------------------------------------------------------------- NARVL GGVMBAFSL GYDLA
------------------------------------------------------------------- HPPEKCVEEFKSL
------------------------------------------------------------------------------ IE
-------------------------------------------------------------- ESLPKPKEKTKL GSSSEI
-------------------------------------------------------- AVEFSLWRESKTRVKNRVTWI T
------------------------------------------ KVGFSLWKNRNAQTEl QQNTGSAVL GHLAVGFTYAKLVQ
FYTSKTR- - - GLLGNGNAEPYDDFLLI DG - - - = === = === = -z 2o - - - TLAENSAAL GNDYGVGKCTAI EFDNNQFK
TFPVDYR: - - RYSFNNEVSYKLESLGVGA- - - < == = =< === = c oo oo STDYQ | YSQHGFLPRSSRI NVTTEFFGT
WFGRTA- - - GLLGTLNNEPYDEYTNVBSG: - - - < == - - - = - - VI SNETQL FTDSWSLKQCRQNKL AQT QEVSQEVSDACT
RFKMDI R- - - KFSRNYEHSLFFDEYNFGT- - - - - < <= = - === -z 2o - - TTDANVI FGTDSYL PRI ASVNFTADLFGQ
QYFGKSA- - - GLVI GDVBKVPQESCPYDT- - - = = - - = = = = = = =« & m st o e s e it oia o e
PSPVQGL- - - STNYGLRVHI GQNYFNFRA- - - - - <« =« - e oo ocaa oo RTDNSSLPTDEPVLI YLNQDQTPHNVRKK
PTSVDDG- - - ARSGGOGQRPGGPG: - - - - = = = = = = = = = = = = & & & xf @@ @t e o @i e oo
W LGRDR:- - - DFEVDI RSKVYDVLKRLSL- - - < = = = ===« ===z 2 oo =2 DPERLI | SKNKQCPEAL- - = = - - == - - =
DLYDEAK:- = = DLI FPKKK- = = - = = = = = = = < £ & = = & £ & ottt f il
TVQKNCP- - - RLDGNGTGLAGEDGLDVDD- - - < = = = =< === ==« = ==« < - FVSTTVPNAI EKA?EW.RRLYERLYDI FM
----- LE- - - DLRQGLLPVLESFKVSFLS- - = = - <« === =<« ===« == - - ALEEYTKKLNTQ - - = === = == === - - -
-------------- GTQPATQ: - - = = = = = = == = = m @ ot el
DVEGHLS- - - FLEKDLRDKVNSFFSTFKE- - - - = < <= = - <= == <oz 2o oo KESQDKTL SL PEL EQQQEQQREQRREQVQ
PPPGHSA- - - FAPEFQQTDSGKVL SKLQA- - - - = === === oo e oo o RLDDLVEDI THSLHDQGHSHL GDP- - - - -
YNTKDKI - - - GVELTGRTLADLTLLDSPI - - -« == = =« 2= o cao o me e KVPLLLSEPI NI | DALEMRDAVEKPQEFT
NL CLNLHKFNEFI QNEL QEASQEL QQI HQY! MALREEYFDPSI VGWIVKYYELEEKI VSLI KNLLVALKDFHSEY! VSAS
-------------- GETQD- - - - === === m ot m i iaiiooo.-
| FTDQUL- = = SVLKGEE- = = = - - = = = = = = = = % & = = £ & ot ottt i el
KTHSLCP- - - RLVOGDKDQG: - - - = = = = = = = = = = = = % & & = £ £ & &t ot @ et ot @i i oo
-------------- GTQPATQ: - - = = - = = = == & = m ot ot el
DVQRQWA:- - - GLVEKVQAAVGT SAAPVPS- - - - - < <= = - s oo o ccao oo e 5 e
ANl SQPE- - - TTKEGLRAI SDVSDLEETT- - -« ==« < s == - caommoae TLASFI SEVWSSAPYWGWAI | KSYDLDPG
CSYTEDA- - - QCI DGTI EVPKCFKEHSSL- < < = = - <« == == s e oo ocea o - AFVKTDASDVKPG: - - < = = = << === - - - -
LTQGEDQ- - - YYLRVTTVASHTSDSDVPS- - - - - <« = = - === -z zo oo s GVTEVWVKLFDSDPI TVTVPVEVSRKNPK
YLVYESK:- - - HLHEGAKSETAEELKKVAQ- - - < = = = =< === == c 2o o2 ELEEKLNI LNNNYKI LQADQEL- - - - - - -
SLAYESK:- - - HLLEGAKSESAEELKKRAQ: - - - - = = === === === === - - ELEGKLNFLTKI HEM.QPGQDQ - - - - - -
NLVYESK- - - HLHEGAKSASAEELRRQAQ- - - - = = == = === == === 2= - = ELEENLMELTQ YQRLNPCHTH- - - - - - -
NLVQDSL - - - DLHKGEKSESAELLRQWAQ- - - - = < == = === ===z 2o == ELEENLNELTHI HQSLKAG- - = - - - - - - -
SFLQSVK- - - HLEDGARTETAEELRALAK- « « = = = <« =« == s oo occa o - KL EQEL DRL TQHHRHL PQKASQTCSSSRG
TLSKEVK- - - HLKEGARTKFAEEL RAKAL - - - « = = = =<« == ==z c oo EL ERKL TEL TQL YKSL QQKVRSRARGVGK
TSCLDSK- - - AFLLTPRNQEACEL SNN- - - - = = = = = = = = & = = c < & sttt ot i i oo iia o oia oo
DLVKENF- - = QKPGNVKNSPGTK- = = = = = = = = = = = < % & = = £ £ @t ot ot e it oo iiii oo iiii oo
EVPAKTT- - - HVLKHSVPLPTELSSEAKT- - - - < < <= = <<« 2o cccaom o KSESTSGATQFMPDPKL MDHGQSHPEDI D
TDI TVDS- - - SFVKAGLETSTETEAGLEF- - -« == - <= s = - o ccaommoae | STVQFSQYPFLVCMQVDKDEAPFRQFEK
DFS| THEPKL SLNADLDFYSG KLOMQLQ - - - = === = === == -z z oo - - RPEQL LKQTNVRSVFL QSVDRPYAKHVRS

47



DmApoLppl
DmApoLppl |
DmApoLTPI

DmApoLTPI |
DnCG31659

DmCvD
DFabp
Dm3d az
DmM c26- 27
DNl az
Hs ApoAl
Hs ApoA2
Hs ApoA4
Hs ApoA5
Hs ApoB48
Hs ApoB52
Hs ApoCl
Hs ApoC2
Hs ApoC3
Hs ApoC4
HsApoD
Hs ApoE2
Hs ApoF
Hs ApoH
HsApoJ
HsApoL1
HsApoL2
HsApoL3
HsApoL4
HsApoL5
Hs ApoL6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMI'TP
Dmivt p

DmApoLppl
DmApoLppl |
DmApoLTPI

DmApoLTPI |
DnCG31659

DmCvD
DFabp
Dm3d az
DM c26- 27
DNl az
Hs ApoAl
Hs ApoA2
Hs ApoAd
Hs ApoA5
HsApoB48
Hs ApoB52
Hs ApoC1
Hs ApoC2
Hs ApoC3
Hs ApoC4
HsApoD
Hs ApoE2
Hs ApoF
Hs ApoH
Hs ApoJ
HsApolL1
HsApol2
HsApolL3
HsApolL4
HsApolL5
HsApolL6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMITP

2255
653
3168
713
192
1378
159
213
227
240
158
100
390
367
2054
2251
129
101

128
266
318
321
346
430
399
338
332
349
364
306
188
199
263
843
859

2335
707
3248
780
192
1458
159
213
227
245
158
100
397
367
2134
2331
129
101

128
266
318
327
346
450
399
338
332
349
434
344
188
199
269
895
887

SSKRQEMCSELFGQ ESTLAFNFI TLDSRPYRKACDI ALAKVAEKEKEATACTFALAYGSAVKQ NKW/LLPPRCI KCAGP

SFFRTG LATCSAVLDPTPFYEMCVDL GVKSPPI RKGHPAVKGACAAALAYI EACTALKVPMRVPSQCVFCQL SNGSYVP
SVNFFEFTARAEGL EEL AANAFGPKGPL SGQL L RKKL SFLNRW.GNESAEEDDTLENLLSLDNLRLK- - = - - = = - = - - - -

| VAFVKYDKNQDVHSI NLPFFETLQEYFERNRQT! | VVLENVQRNLKHI NI DQFVRKYRAAL GKL PQQANDYLNSFNVER
NFTSQLSSQVEQFLHRNI QEYLSI L TDPDGKGKEKI AELSATAQEI | KSQAI ATKKI | SDYHQQFRYKL QDFSDQLSDYY

RAVRGSRVVKPEGSRSPL PWPVVEHQPRL GPGVAL RTPKRTVSAPRM. GHQPAPPAPARKGRQAPGRHRQ: - - - - - - - - -
DL TGTCETEAYWKEL REHVVWMAL ML CVCL CVOVYVQET- - = = = = - = = = = - x s o o om e oo ommm o oee oo oce o

KYERL STGRGYVSQKRKESVL AGCEFPL HQENSEMCKVVFAPQPDSTSSGWF- - - = - < = < = == == == === o oo oo oo
TLSHKTAGCTFALNQKNNEMONLT FRDL- - = = = = = = = = = = = = = = = = w o e o e e e e oo

AGQHDFGDEFTVKLPNNKVDVVFVWDI NVTPGVLSNLI APAI NDI RESL RSRGFSDVQVGVI VFEETKRYPALLTSDGGK

QVSHAKEKLTALTKKYRI TENDI QI ALDDAKI NFNEKLSQLQTYM Q- == - - === - - m e e o e e e e m oo o -
EKFI AESKRLI DLSI QNYHTFLI YI TELLKKLQSTTVMNPYMKLAPGELTI | L--------cmmmmm e e e o o -

48



DmApoLppl
DmApoLppl |
DmApoLTPI

DmApoLTPI |
DnCG31659

DmCvD
DFabp
Dm3d az
DmM c26- 27
DNl az
Hs ApoAl
Hs ApoA2
Hs ApoA4
Hs ApoA5
Hs ApoB48
Hs ApoB52
Hs ApoCl
Hs ApoC2
Hs ApoC3
Hs ApoC4
HsApoD
Hs ApoE2
Hs ApoF
Hs ApoH
HsApoJ
HsApoL1
HsApoL2
HsApoL3
HsApoL4
HsApoL5
HsApoL6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMI'TP
Dmvt p

DmApoLppl
DmApoLppl |
DmApoLTPI

DmApoLTPI |
DnCG31659

DmCvD
DFabp
Dm3d az
DM ¢c26- 27
DNl az
Hs ApoAl
Hs ApoA2
Hs ApoAd
Hs ApoA5
HsApoB48
Hs ApoB52
Hs ApoC1
Hs ApoC2
Hs ApoC3
Hs ApoC4
Hs ApoD
Hs ApoE2
Hs ApoF
Hs ApoH
Hs ApoJ
HsApolL1
HsApolL2
HsApolL3
HsApolL4
HsApolL5
Hs ApolL 6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMITP

2415
707
3328
780
192
1471
159
213
227
245
158
100
397
367
2181
2384
129
101

128
266
318
327
346
450
399
338
332
349
434
344
188
199
269
895
887

2495
707
3408
780
192
1471
159
213
227
245
158
100
397
367
2181
2384
129
101

128
266
318
327
346
450
399
338
332
349
434
344
188
199
269
895
887

I NYKGNVADVKLAG KSFCDNCVEQ | TEKRI LDl YNSLKEI VKG APQADEKAFQLALDYPFRAGAAKSI | GYRSDSLE

49



DmApoLppl
DmApoLppl |
DmApoLTPI

DmApoLTPI |
DnCG31659

DnmCvD
DFabp
Dm3d az
DmM c26- 27
DNl az
Hs ApoAl
Hs ApoA2
Hs ApoA4
Hs ApoA5
Hs ApoB48
Hs ApoB52
Hs ApoCl
Hs ApoC2
Hs ApoC3
Hs ApoC4
HsApoD
Hs ApoE2
Hs ApoF
Hs ApoH
HsApoJ
HsApoL1
HsApoL2
HsApoL3
HsApoL4
HsApoL5
HsApoL6
Hs ApoM
Hs ApoO
Hs ApoOL
HsMI'TP
Dmvt p

2575
707
3488
780
192
1471
159
213
227
245
158
100
397
367
2181
2384
129
101

128
266
318
327
346
450
399
338
332
349
434
344
188
199
269
895
887

GWFATONFEKLKASDQKKMLNQ TSSLADTLFKTEI VSDCRCLPI HGLHGQHKCVI KSSTFVANKKAKSA

50



Fig. S11. Alignment of 14 nematode and 11 fly sequences with Vit1-6, ApoLpp
and ApoL TP separated plus both outgroups.
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Fig. S12. Alignment of 25 human, 11 fly and 14 nematode sequences with ApoB, ApoLpp
and ApoLTP separated plus all outgroups.
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