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Introduction:

Hailey Hailey di isa g lly heritable
that causes skin aberrations such as blisters, lesions, and
rashes in the folds of skin. (HHD Society. 2007) This is caused
byalossdaou\eeodmoform protein ATP2C1, which acts
as a calcium and mag porter in skin cells. (Ramos-
Castaneda J et al. 2005) C. elegans, a nematode worm which is
often used as a model system for investigating genes of
Homo sapiens, expresses a gene cua-1 which is orthologous
to the Hailey Hailey disease gene, ATP7A. (Wombase. 2007)
This sugge C. eleg has the p tobeusedas a
model system for the sfudy of the funchon of the Hailey Hailey
disease gene.

To determine if C. elegans is a good model system, we
started by observing cua-1 deletion mutants, as well as the
wild-type worms, to determine if there is an observabie
physical manifestation of a mutation in the cua-7 gene. We
then found the cua-1 gene sequence and the cua-1 deletion
mutation sequence using Using this i jion,
we desngned primers to perform nested PCR to amplify \he

t and lyzed it using gel el ph
confirming a deletion in the gene is detectable by these
methods. We then performed RNAI on the cua-1, determining
whether there is an observable phenotype when we
knockdown the gene function. These techniques, along with a
bioinformatics analysis of the cua-7 protein and the human
ortholog protein, allow us to say with confidence whether C.
elegans is a good model system for the further study of the
Hailey Hailey di gene. B C. elegans is a good
model system for many human genes, we predicted that C.
elegans will be a good model system for the investigation of
the Hailey Hailey human disease gene.

Methods:

*Observe Worms:
*Mutant deletion Phenotypes
“Wild-type Phenotypes
*Bioinformatics: Wormbase, SMART, BLAST:

analyze structure of cua-1 and human homologue
and proteins

+Use Genious to perform alignments

*PCR: Geneius - cua-1 gene and mutant
deletion sequences

M : L .:
C. elegans is a good mudel system for investigating the
function of the human Hailey Hailey dlsease gene

Abstract:

Hailey Hailey di a human tic disorder that skin ab and lesions, is caused by a dysfunction
in the coding of the gene for the protein ATPC21, which is orthologous to the cua-1 gene in C. elegans. Using

bioinformatics databases as well as the techniques of nested PCR, RNAI, and microscopy, we evaluated C. elegans _

as a medel system for the lnveshgabon of the Haﬂey Hailey disease gene. We found that because of detectable
ohanges in pe due to g 1t similarity b the cua-1 protein and the Hailey
Hailey di: protein, and d ,,' some ambi in mutant b ypes, C. eleg is a good model system for the
exploration of the function of the Hailey Hailey gene. Furmer study could be carried out using C. oleqans to analyze
the molecular mechanisms of the Hailey Hailey di: and to expl

Results;

Figure 1: The above figure shows the protein coded by cua-1 with domains in gray boxes. The protein direclly
bdwm&stkamwlmaoedmaBJWehaﬁgsdmmmamdddmmmmM
bar ending where the deletion begins. The in yellow amrows.
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Discussion:

Our observations of C. elegans wild-type and cus-1
deletion mutants shows that there is a detectable phenotype
resulting from the deletion of a segment of the cua-1 gene. (fig
6) This tells us that manipulating the cua-1 gene will yneld
phenctypos!ha(wecansmdyandobsm giving us a
quamahve marker of cua-1 activity in the C. elegans. Our PCR
gel el h is results confirm these qualitative observation
quanmaﬂve!y dermnshatmg that the observable mutant

d with a deletion in the cua-1 gene. (fig
4) Consademg bo!h of these results, we can link the
phenotype difference with the deletion in the cua-7 gene,
aliowing us to confirm that manipulations in the gene cua-1 can
give us cbservable phenotypes.

Having cor d that g i ip can yield
observable ph ypes, the RNAi ph ypes we observed
can tell us more about the function of the gene as a whole. We
observed mostly normal worms, but slightly less than 1% were
dead (fig 5) and may have been lysed by a “bag of worms™
resuiting from distended vulva. We also observed slower

_ movement than the wild-type worms, and perhaps 5% of the

knockout worms displayed smaller body size. These results

- allow us to confirm that the gene codes for an observable -

phenotype. We can also begin to specuiate about gene
function.

Another consideration is our SMART and geneious
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CU Ccopper) ATPase
Figure 2: Above s the human Calcium-ransporting ATPase type 2C member 1 (ATPase 2C1), the protein that is
coded by the gene orthologous to the cua-1 gene, with y below this is the
cua-1 coded protein with domalns displayed. .

Figure 3: Displays a Jmol image of the
structure of calcium ATPase in the
CA2E1 state, a rabbit protein very

. 5 . similar to the protein coded by the
«Select primers to ampiify deletion segmentand  Figure 4: Our gel electrophoresis results, with mMmmHahyHaahy
perform nested PCR 1ane 1 being the negative control, lane 2 being the humen protein was not
~Gel Elecrophoresis on negative controls, wild-type result, lane 3 being our cua-1 deletion available.) Purple regions represent
wild-type, and mutant DNA mutants, and lane 4 being the ladder. The wild- W“"',“""""gms
. type is 3 kB and the mutant is 2.3 k8. while turquolse regions represent
*RNAF: Innocuiste E. coli A :
+Spread on plates : Figure 6: (fo the righf) On the left is
1. Empty feeding plasmid (neg control) msmmw:yowdobonpimmypgn
as observed 400X microscopy.
2.No feeding plasmid (neg control) the right is wild-type worm phenotype. SOUI"CGS

3. Feeding RNAI plasmid for cua-1
4. Feeding RNAI for sma-1 (pos control)
~Allow to grow

The scale is given on the right. The

-Ramos-Cmthets 2005. DeﬁaenquTPzC‘l aGob»onpm\p induces secrefory
(ER)

dings (fig 1) which show that the deletion in the cua-1
knocks out two domains, the E1-E2 ATPase and the
hydrolase. This means the phenotypes we observed in the
deletion mutants were due to the knockout of these two

_functional domains. This also means the difference between

the RNAI knockout worms phenotypes and the deletion
mutants phenotypes would be due to the first four HMA

domains, which h not to be p in the human
orthologous pnotem This allows us to consider what is caused
by HMA domains and what is caused by E1-E2 ATPase and
Hydrolase, so we can isolate ‘the latter twos’ functions and
consider only these in our exploration of Hailey Hailey gene, as
only-these two are part of the orthologous human protein.

Finally, we found the cua-71 encoded protein to be
sufficiently conserved in domains to the Hailey Hailey gene- .
encoded protein (fig 2), and saw that similar proteins have
highly conserved domains across species (fig 3). Conscdenng
all the above evidence as well as the general
C elegans as a model system for human genes, we can say
with confidence that C. elegans is a good model system for the
exploration of the function of Hailey Hailey disease gene. This
conclusion suggests further studies, including the development
d medicine treating Hailey Halay dlseese Using C. elegans,

ists could eval the of such developing
drugs and improve the medications until they are effective
enough to benefit afficted humans.
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C. elegans is not an ideal model organism for studying the molecular and cellular functions of the

human orthologs of fshr=1

Biology Core Curriculum, University of Wisconsin-Madison

Abstract

Caenorhabdit's elegans is a free-living soil nematode commonly
used as a model organism for studying eukaryotic gene regulation
andorparuamaldevelopmemmtohsrapodvaandessﬂy
obsetvableanatomyWestutiedlCelagansowldbeusedasa
model organism to i the and cellular functions of
mehmnodhobgsofmecm.msgemlshm Due to a lack of
homology between fshr-1 and its human orthologs, we predicted that
C. elegans wouid not be a good model for investigating the human
rthologs. C. eleg with a deletion in fshr-1 were compared with
wild-type worms and worms treated with RNAI feeding to knock down
expression of fshr-1. Bioinformatics tools were used compare and
contrast the funclion and structure of fshr-1 and its human orthologs.
Nested PCR determined that deletion in the fshr-1 gene was
approﬂrmely:szoobaseparsmlengm Iiketyrasmwlnalossof
gene function. RNAI § kd: of fshr-1 produced worms with a less
sevemphenotypchmobsavodmﬂwdeleﬁonsumn Our resuits
suggest that that C. elegans is not an ideal model organism for
studying the human orthologs of fshr-1, due to the specificity of the
iganddetededbyeadlrecepwrandmetiﬂemtmlesdead\gene
in regulating organs and organ systems. Additionally, the failure of
RNA! feeding to knock down the expression of fshr-1 limits the utility
of C. sleg as a model organism for studying the human orthologs
of fshr-1.
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mw—mmw(mmuwm

Results ,
Phenotypes of Mutant and RNAI-

nesisd PCR ampification.

Discussion

Evaluation of Results
NedodPCRwasusodloanpﬁfyaDNAfragnnnlli(e)y
comresponding to the fshr-1 gene in the RB911 strain, but extra bands
were also present in the PCR product. These bands may be due to
ination of the pl cing the reliability of the conclusions
that can be made from the PCR results. RNAI feeding did not appear to
induce as severe of a phenotype as was observed in the RB911 strain.
SmmedelebonlnfshrdnmeRBQHstunissevem.cunpbuor
P loss of function was predi g down
fshr-1expmwonhwid—lypewotmswasexpededloresmtha
to the ion strain. The fact that a comparable
phenofypewasnolobservedhtheRNAHedwomtsnaytwmme
fshr-1 gene was not successfully knocked down by RNAI.

Conclusion

Our research suggests that C. elegans is not an ideal model
organism for studying the fu jon of the h orthologs of fshr-1.
wmmmwmuam«dmmmmh
the gene p di tably the 7 (th

e fahe-1 gane.
but the NMM “mmhu-muumm
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control for The RNA! feeding.

Study Question
Can C. elegans be used as a model organism to
investigate the molecular and cellular functions of
the human orthologs of the fshr-1 gene?

Background

Casnorhabditis elegans is a free-living soil nematode that is
mnmiyusedsamdeloman&nforswdmeukatyobcgene
and org lop (CoxandGrana2007) The
oenomeofc leg has been d, k g to the
dmmmwoeneshatmorﬂ\obqous(ohunangenes
(l ). One such C. elegansoenensfshn which is orthologous to the

genes thyroid-sti ptor (TSHR), follicle-
smnulamg hormone receptor (FSHR), and luteinizing
(LHCGR) (www.wormbase.org).
\Mmahonsnmesegenesmasoaatedwmammbefofruman
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Figure 3. Structure of C. slegans fohv-1 gene. Exons are
indicated In grey and Introns are indicated In yeliow. The
|Jeletion present in the RES11 M-Mhmm

Roinizing

(TSHR),

e sme-1 gene. m—‘u-nu.-vum-d—nﬂ-.m

Predicted Domains in fshr-1 Gene Product and
Orthologous Human Proteins
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Figure 4. Protsin domains predictad by SMART for C. mmvmmm
folicle-eSmniuting hommone receptor (FSHI), Mevan Syeold-sivulting homns
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family) ek Hi oad\ of the three hunen onho(ogs of fshr-1
encodesloramcepbrspouﬁctoasmgbhommmus.nlsno(desr
that studying the for the bindi o(FSHRandrls
neuropeptide ligand would be useful in di the 1
medwismoﬂhebhdmd\hemmanreoeptorstometspecﬁcigands
Therefore, the utility of C. elegansasamodelommsmlormm
the molecular function of the human orthologs of fshr-1 is 0
C. elegans would not be suitable for studying the cellular function of
the human orthologs of fshr-1, because the cellular functions of fshr-7 and
its human orthologs are different. In C. eleg fshr-1is exp in the
and app fober ible for proper release of acetyicholine
at neuromuscular junctions (Sieburth ef al. 2005). In contrast, the human
orthologs of fshr-1 play a much more specific role in regulating specific
organs and organ systems, the thyroid gland for TSHR and the
reproductive system for FSHR and LHCGR. Thus, fshr-1 and its human
orthologs do not have homologous functions on the celiular level.
Additionally, our results suggest that RNAJ feeding falled to
completely knock down the expression of fshr-1 in C. elegans. Since
RNAI feeding is a simple but important experimental technique, the failure
of C. elegans to respond to RNAI feeding further limits the practicality of
C. elegans as a model org: for studying the orthologs of fshr-1.
Bmdﬂwbwldcamspedﬁmﬁonmathasmmdmme

human orthologs of fshr-1 since the evolutit diy of C. ek
and humans, amamnaianmodelwwldbebeﬂersmadlostudymgme
mammalian model

| hypothyrol
andpmmuouspubeny(OMIM) Ourr
cmldbeusedasamodolomarnsm!ahvesbgatslhemdeaﬂarand
‘eetﬂarﬁncbonsolmehnmanonhobgso{fshr-

C. sleg has that make it an excellent
imodel organism. C. elegans is easy to grow in cuiture, tepnoduees
Irapidly and produces large broods and is J

‘omanslobeeaslyobsaved(Coxdemnazoon However in
jorder to model the molecular or cellutar function of a human gene,

fin C. Wep that C. el might not be an ideal
imodel basedon(iﬂe in the functs of fshr-1 and its
gs. To test our prediction, we observed the phenctype

of worms with a deletion in fshr-1 and used nested PCR to
characlerize the deletion. Next, we used an RNAI feeding technique to
amlmh\od(dwmwmonoﬂshrdmmﬂd—lypewoﬂnsand
[compared the observed ph ype with the p VP
Finally, we used biok ics tools to pare and the
{structure and function of fshr-1 and its human orthologs.

of the human genes. A common

{there must be strong homology between the human gene and a gene

size of s 'y o ‘weminal domein, and SCOP
| proteln function. The of fshr-1 Using the (yeliow m&mmhﬁmhnmm
Genexcus program. R repest domain. b " d
e dreon omda
Methods

PeC.

organism is Mus musculus, the lab mouse (Cox and Grana 2007). Lab
mice possess a homologous gene for each of the human TSHR, FSHR,
and LHCGR genes, which would avoid many of the problems associated
with using C. elegans as a model for these genes.

and LHCGR.
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: C. elegans is an eft..tive model system for
SisC. elegans agood model system for mvwhgatmg

the fuiction of the human n gore BRCA1? - investigating the function of the human gene BRCA-1 Obtain "‘”ff'}‘sﬁ with brc-1
eletion.
<5 Biology Core Curriculum, University ot wisconsin-Madison \ Generate bre-1 knockdown
Background ' mutants via RNA.
*The C. elegans brc-1 gene encodes a homologue of N
human BRCA-1, which is mutated in breast and Confirm genotypes using PCR and gel
ovarian cancer (Boulton 2006).

*Brc-1 is involved in DNA repair, cell death,
chromosome segregation, and growth regulation

electrophoresis.
I

i Observe phenotypes. N

(Huylon 2000) ; — 1§

°“$'. protein produd.is involved in Jenomo Compare phenotypes of 3 strains (WT,

meintanance, possibly by funcioning In g gene deletion, and RNAi knockdown). | 1

surveillance for DNA damage.
=Bre-1 (RNAI) animals display chromosomal non- e eram

disjunction, high levels of germ cell apoptosis,
and unusual sterility after iradiation (Boulton 06).
=This gene is a good candidate for study because
of its easily observable phenotypes of slow
growth, abnormal cell death, and high incidence
of males.

*BRCA-1 belongs to a class of tumor-suppressing
genes (Jasin 2002).

_ Discussion :
“=Since each of the posited conditions of a good - &
model system has been met, we find C. elegans

to be an acceptable model system for the study -
of the human gene BRCA-1.

-= Bro-1 and BRCA-1 are highly homologous.
The highest degree of similarity is found -
between amino acids 350-450; wheré the
BRCT protein motif is fourid in both genes.
=In both C. elegans and humans; this motifis - &
found in proteins involved in cell cycle-

le.1es J.U.-Il!lS

corresponding protein
motifs of brc-1 gene.
£] The BRCT mof, also
#1 found in the human
Fig. 2. WT brc-1 gene (top) and deletion. Deletion results in mRNA || brc-1 homologue
without parts of exons 2 and 3. Transcription beyond the deleted -} BRCA-1, is affected
slts protein product is involved in the repair of region results in missense mutations in the mRNA, as well as by the deletion of
damaged DNA. g mature termination during translatxon parts of exons 2 & 3.
=BRAC-1 shows a 94.9 % length of similarity to g T
bre-1 (Huyton 2000).

*For C. elegans to be a good model'system, bre-1

S,SIGO 5,’.:*11 5,’_;:!0

: L :checkpoint functions responsive o DNA - -

and BRCA-1 should have a highdegres of SR |= -7 | [Fetwresncotzs - 1 damage (Boulton 2006). 8

homology, especially in regions encoding exons, as " =The deletion studied directly affects :
well as similar functions and protein expression. " fing inger. RING/FYVE/PHO-tupe (INTERPRO:IPROA3063) erainus (BRCTY dosaln (P exons 2 and 3 of bre-1, causing the mRNA™ &
Strong, observable phenotypes should result from Zinc Finger, CIHC4 tupe (RING Finger) (PFAM:PFO0037) INTERPRD:1PRO01357) : beyond this point to be translated-as ;
bre-1 knockout (deleﬁon) and knockdown (RNA|) Zinc finger, RING-tupe CINTERPRO:IPROO1841) . BRCAL C Terminus ¢BRC) M

Fig. 1. Phenotypes

of L4440 (WT),

& B | DW102 (deletion),
-}and brc-1 (RNAi)

nonsense and terminatéd prematurely.In . &
such a case, the BRCT protein'motif is fiot - §
present and non-active. A non-active -
BRCT protein motif might resuit in‘cells

*To determine how well C. elegans complies to
these standards, phenotypic observations were
made of WT, ber-1 deletion, and ber-1 knockdown

Fig. 5. Gel

strains of C. elegans. Nested PCR and gel 2 B | strains, observed deﬁtroph:fr’e)s(;sR that continue to divide, despite DNA
electrophoresis were performed to verify knockdown & B | with dissection : afr‘:'dys‘ts Lk damage (Boulton 2006).
effectivity. Bioinformatics were also used to compare scope. Relative to : :’0 Rufa:as 22 «In huinans, this erant cell dvisionis |
b Ligits | WT, both the RNAT |2 Nosoer wr S : expressed phenotypically as breast and -
and deletion strains | 14 eletic;n Rf\lAi e i ovarian cancer (Huytori 2000).
| were uncoordinated | ! : o .

| and neg. control.

and had a high 1r ho =In C. elegans, phenotypes include
finci : ) | Results show v abnormal movement and body shape;
|incidence of males. ~| Fig 4. Protein motifs of the C. elegans bre-1 | {42t RNAi and ; lrval iefalfy, and fhe presert'ce :fpe
i ;m:gllj::/al #]gene (top) compared to human homologue |} eletion differ at L i males (Huylon 2000).
c :

| BRCA-1. The region of highest similarity

- | the molecular
|'ethal, and some | approximately amino acids 350-450) level, as
|body shape defects | contains the BRCT motifs. | expeced.
-Jwere observed. :

‘B & “=In future studies, it would be useful to have the
3D structure of the protein products of both bre-1
and BRCA 1 as an aid in further dlﬁerenhahon.




