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Arl3 protein (ADP-ribosylation-factor-like 3 protein) Rod degeneration and retina thinning Abstract

Arf-like protein 3 (Arl3) is a small GTPase interacting with lipid-binding proteins. We generated rod-specific Arl3 knockouts to elucidate the role of Arl3 in transport of photoreceptor membrane-
associated proteins.
Chimeras containing a gene trap in intron 1 of the arl3 gene were generated at the University of Utah core usinga EUCOMM cell line. Breeding with FLP mice followed by mating with iCre75+
. _ e . o transgenic mice generated rod-specific knockouts. Photoreceptor function and morphology were analyzed by ERG and immunohistochemistry. An Arl3-specific polyclonal antibody was
}c/;;:zzlla!i?iggzla::;ii!?]liz;:?ic:)c:smfﬁ;ar::?tsegr?znelz k;;ccl;(;:;csi sfarebkei)él:l:;/t generatedusingfu I.I—Iength reFombinantArlg pg!ypeptide expresseq in bac_teria. o | | | | |
_ | _ ! Immunoblots of wildtype retina lysates identified a 20 kDa protein, which was reduced significantly in two months-old Arl3 retina. Immunohistochemistry revealed Arl3 localizes
liverand pancreas and photoreceptor degeneration (Schrick et al, AmercJ G H-I: Wildtype Heterozygous cKO Homozygous cKO predominantly in wildtype photoreceptor inner segments and connecting cilium. Arl3 immunoreactivity was specifically absent in homozygous rod knockouts, while still present in cones and
of Path, 2006). The mice were 'very sick’ and died within 3 weeks after - --e i SRS e P T PN1E T I inner retina. Scotopic and photopic ERGs of PN15 rod knockout and wildtype mice revealed comparable a- and b-wave amplitudes suggesting normal photoreceptor development. At PN1g,
birth. So far, Arl3 has not been identified as a causal locus in any human R PR S5 ' ' | knockout mice show slightly shorter ROS. At PN 20, scotopic ERG a-wave amplitudes were reduced (70-80 %) but the photopic ERG was unaffected. One month-old Arl3™"**““**mice showed 8o-
ciliopathy. g ' it 6] gV i Siane ' el '.“.'-3' | "' I S e cammmm———— S s e 90% reduction in a-wave amplitude with only 4-5 rows of nuclei surviving in the ONL. In retinas of two month-old knockout mice, scotopic ERGs were extinguished and cone ERGs were highly
o S e DAVt : A s | attenuated. OCT confirmed the rapid loss of photoreceptors in the homozygous rod knockout starting at PN15. Although the Arl3""**““*" retina fundi appeared comparable to wildtype, one
B: An unknown GEF catalyzes GDP/GTP exchange to generate active R T MR O A SR i & s aatad Sln i R 290 — P i onme e  i— et month-old mutant retina was on average 100 um thinner than its wildtype counterpart. Immunohistochemistry performed using retina sections of PN15 and one month-old knockout mice
Arl3-GTP. Arl3hydrolyzes GTP very slowly. GTP hydrolysisis activated by GEF BTG 0% O e R S ST Pt Lt T T | revealed that rhodopsin transport is normal; rhodopsin was undetectable in two month-old conditional knockout mice due to complete photoreceptor degeneration. Rod PDE6 and GRK1
a GTPase Activating Protein (GAP). The GAP for Arl3 protein is retinitis ARL3-GDP & —  ARL3GHE " ; o - ST S Ny e S mislocalized suggesting trafficking defects.
pigmentosa 2 gene (RP2) accelerating GTP hydrolysis around go.000 X GAP (RP2) g | ' - | | — B ' Rod-specific knockout of Arl3 revealed a rapidly-progressing photoreceptor degeneration. Rod-specific knockout mice were blind at two months of age. Outer segment development appeared
(Velteletal, Nature, 2008). Srp— i - T T 4 | to be unimpaired by Arl3 deletion and rod photoreceptorfunction was normal at P14.

G: Histology reveals rapidly progressing rod degeneration in rod-specific Arl3 knockout mice. In PN15 mice, all three nuclear layers are apparent
in the rod-specific knockout with rod outer segments (ROS) being minimally shorter. ROS are moderately shortened at PN2o. In 1 month-old
conditional knockout mice, only 4-5 nuclear rows of the outer nuclear layer (ONL) remain and the ROS/RIS (rod inner segment) are extremely
shortened compared to wildtype littermate mice. In 2 months-old mutant mice, the ONL consists of only one nuclear row and photoreceptor
OSandISareabsent; theinnernuclearlayer(INL)and ganglion celllayer (GCL) are present.

A: Arl3 protein is a small GTPase switching between its GDP-bound A
(inactive) and GTP-bound (active) conformation. Ubiquitously expressed
as 182 aa long protein (figure A), Arl3is involved in membrane associated
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M-I: The function of the mutant retina was evaluated with eletroretinography (ERG). At PN15, the a-wave amplitude is almost normal for the homozygous rod-specific knockout mouse
indicating that the ROS are formed. However, the photoreceptor degeneration started at this time point as suggested by the reduction in the a-wave amplitude. A much more severe
effect in the reduction of scotopic ERG response is visible in PN20o old mutant mice relative to the wildtype; the a-wave amplitude is "almost flat” in 1 month-old mice. In 2 months-old
mutant mice, noscotopic ERGresponseisdetectable. Heterozygous knockout mice behave like wildtype mice.

M-Il: The b-wave amplitudes of homozygous mutant, heterozygous mutant and wildtype mice are normal in PN15- and PN2o-old animals. Cones start to degenerate in 2 month-old
knockout mice evidenced by reduction in the b-wave amplitude. In 2 months-old knockout mice, the b-wave amplitude is significantly reduced, whereas heterozygous knockout mice

behave as wildtype mice.
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germline Arl3 homozygous knockout is embryonic lethal. To study the function of Arl3 in photoreceptors, a rod-specific bl Bt o Ui ‘ . -J\\_ﬂ,

knockout was generated (Arl3""*"“**") by breeding heterozygous germline knockout mice with FLP mice, followed by mating | . i \ w 3 2 3 2 3 4w 45w 5 o 6
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H-1: Optical coherence tomography (OCT) reveals fast thinning of Arl3
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thicknesses comparable to wildtype littermates. As shown in the diagram
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E-I: Retina development has two phases (http://www.nap.edu/). Initially, ganglion cells, horizontal cells, amacrine cells and
conesdifferentiate, followed by bipolarand Muller glia cells. Rods develop between E7-Pg.

E-11: The arrow represents the development of rod photoreceptors in mice. Mouse is a rod-dominant species - just 3 % of the
photoreceptors are cones. Rods startto differentiate at E7 (phase 1) and are fully developed by Pg (phase 2). The inner segment (datanotshown).
(IS) exists at Po, the connecting cilium (CC) starts to extend at P3, and the nascent outersegment (OS) appears by P7.
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J: Labeling frozen sections with
E-lI: cone-specific arrestin (mCAR)
antibody shows that PN15 e Model: How does GRKa traffic from the ER membrane to its destination

mutant cone inner and outer
—  aaaa——) segments are normally o membrane?
PO P3 P7 P12 P21 developed. Cones start to
lerete i A A A degenerate in 1 month-old rod- N: GRKz1 dissociates from ER and is “snatched” by PDE® (function as GDI-like solubilization factor, GSF). The
N o 03 specific knockout mice, with soluble complex GRK1-PDE® combines with Arl3-GTP. The ternary complex docks to the destination membrane.

COS shorter relative to those of Next, ArL3-GTP (function as Guanine nucleotide dissociationinhibitor (GDI) displacement factor, GDF) forces PDE®

Rods: E7-P9
wildtype and heterozygous ; toreleaseits cargo (GRK1). GRK2 binds to the destination membrane (e.g. TGN vesicle loaded with rhodopsin). Arl3-

F-1: Genotype analysis shows amplification of Cre, floxed and wildtype alleles representing F-11: iCre75+ expression -in knockout mice. Defect of cones GTP dissociates from PDES. RP2 (function as GTPase activating protein, GAP) catalyzes GTP hydrolysis at Arl3
wildtype  (+/+; iCre75+), heterozygous (+/flox; iCre75+) and homozygous rod-specific MOUse retl.ng was t.ested with is secondary to rod protein. Arl3-GDP is converted to Arl3-GTP through unknown Guanine nucleotide exchange factor (GEF). The
knockout mice (flox/flox; iCre75+). Expression level of Arl3 protein in homozygous knockout Cre-specific antibody. As degeneration. In 2 months-old trafficking cycle starts overagain (Zhangetal, unpublished data).

mice is highly reduced in Western Blot analysis due to complete photoreceptor shown in figure F-1I, Cre mutant mice, remaining cells of

degeneration. recomt.)inas.e E exp.ressed the ONL are cones (data not
- _— evenly in retinas of wildtype, shown).
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Conclusion: A conditional Arl3 knockout mouse model (Arl3 ) was used to study the function of Arl3

KO het WT

o e 1M Wildtype Heterozygous cKO Homozygous cKO homozygous knockout mice. K: MOE-labelling shows localization of the enzyme cGMP-specific phosphodiesterase (cGMP-PDE). In PN15-old Arl3"™"*"“* mice, PDE
uﬂé’? ) | SR g papi Cone-arrestin labelling with traffics mainly to the rod outer segment (ROS), but it also mislocalizes into the ONL. The amount of PDE is highly reduced in 1 month-old
wineo KRR PRI (e, L AR S Cre recombinase ~ MCAR antibody reveals no Cre mutant mice due to rod degeneration (shown infigure K), whereas PDE is still present in the cone outer segment. PDE is absent in 2 month-old binding protein
EYRaRN SRR ey oWt MCAR (cone arrestin) - expression in cones, just in mutant mice due to photoreceptor degeneration (datanot shown).
rods. Progression of
_ ok 1e Soeied N photoreceptor degeneration is L: In PN15old mutant mice the amount of rhodopsin kinase (GRKz1) is highly reduced in ROS due to its mistrafficking in absence of Arl3 protein.
A g B0/ N7 et P UE LA severe in one month-old Therefor Arl3 is important for correct transport of prenylated GRK1. GRK1 persists in cones in 1 month-old rod-specific knockout mice, but

o o g . s J &8 flox/flox;iCre7g+ . .
e +/flox:iCre754 ﬂox/ﬂox icre7s+ IR ""mice. disappears after cones have degenerated at 2 months (data not shown).

heterozygous knockout and s _ )
- protein in photoreceptors. Although outer segments are formed, retina degeneration starts as early as
""'"-h
PDE®&: Prenvl

PN15. Rod degenerationis followed by cone degeneration, and thus simulates a Retinitis pigmentosa (RP)-
like phenotype. Arl3 deletion in rods has no effect on trafficking of the transmembrane protein rhodopsin.
Peripheral, membrane-associated photoreceptor proteins, e.g. prenylated proteins PDE and GRKz1, are
either mislocalized or down-regulated. In 2 months-old knockouts, these proteins disappear due to
photoreceptor degeneration and the mice are completely blind (no scotopic ERG; highly reduced photopic
ERG). Severe phenotype of Arl3 conditional knockout in rods will be rescued with sc pAAV2/8 virus gene
replacement.
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