Caenorhabditis elegans PIEZO Channel Coordinates Multiple Reproductive Tissues to Govern Ovulation National Institute of
Xiaofei Bail, Jeff Bouffard?, Avery Lord?, Katherine Brugman?, Paul W. Sternberg*, Erin J. Cram?, Andy Golden'* Diabetes and Digestive

INational Institutions of Diabetes and Digestive and Kidney Diseases, National Institute of Health, Bethesda, MD. “Department of Biology, Northeastern University, Boston, MA. ’Department of Bioengineering, Northeastern
University, Boston, MA. “Division of Biology and Biological Engineering, California Institute of Technology, Pasadena, CA.

Abstract

and Kidney Diseases

PEZO-1 Mutants Cause Severe Ovulation Defects Male Sperm Rescue the Ovulation Defects in pezo-1 Mutants
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Piezo is a novel ion channel protein which is involved in cell mechanotransduction to convert mechanical forces into biological signals (A). PIEZO Mat“'if(itol\o;iﬁtii" hrs; T2 X WT: 72 hrs Post Midia  WTJ X WT: 72 hrs Post MidLd 72 hWTPg Xt I;:zol-l‘iﬁ ’ s hWTPC? Xt FI::EIOI-L(;% ’
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trimeric complex, including ion-conducting pore module at C-terminal region, and transmembrane segments at N-terminal region (B). In human,
there are two PIEZQOs proteins identified, PIEZO1 and PIEZO2. Both proteins express widely in human body and are involved in multiple
physiological processes, such as shear-stress sensing, neural differentiation (C).
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PEZO-1 Expresses in Multiple Reproductive Tissues in C. elegans
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GFP::PEZO-1 GFP::PEZO-1; One-Cell Embryo GFP::PEZO-1; Multicellular Embryo (A) DIC images of the uteri of gravid adult animals. Wildtype animals had young embryos in their uteri (A), while only a large ooplasmic mass was S AU %2 ) ATH e R AL R et ﬂlﬁrﬂs'
observed in pezo-1 CA mutant uteri (B). DAPI staining demonstrated that multicellular embryos (white circles, C) were present in the uteri of wildtype _ S ’
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animals, while only oocyte meiotic chromosomes (white circles and rectangle) were observed in the uteri of pezo-1 C4A mutants (D; inset in top right white E Mid-L4 Adults F
Intgstine box shows an amplified image of the meiotic chromatin marked with a white rectangle). The yellow dotted lines indicate the boundaries of the uteri in 100_] N=15 N=13 N=21 N=8
S ;ﬁ:::hica panels C-D. (E-F) Only unfertilized oocytes and newly-fertilized zygotes are permeable to BODIPY (green) in wildtype (WT) animals (E), while staining _ T ! @ Zone 1
Vulva was observed throughout the entire uterine mass (yellow circle, F) of pezo-1 CA animals. (G) Quantification of the percentage of uteri with ooplasmic 2:—75_ ~ (3 Zone 2 O
Praryngea P masses in wildtype and pezo-1 deletion mutants. N2 is the wildtype strain. (H) Quantification of the oocyte ovulation rate of wildtype and pezo-1 CA adults = J B Zone 3
Intestinal Valve Sperm & at different ages. The oocyte ovulation rate was significantly reduced in the older pezo-1 CA mutant adults. (I-M’) Ovulation is initiated by oocyte (yellow = _“p=0.035
Spermatheca dotted circle) entry into the spermatheca, which was labelled by the apical junctional marker DLG-1::GFP (green). (I) Fertilization occurs in the occupied 8 °0- 4 * p<0.0001 Oocyte, Spermatheca Uterus Vulva
spermatheca (yellow dotted circle). (J-M) After fertilization, the sp-ut valve (red arrows) opened immediately to allow the newly-fertilized zygote (yellow § (A, F) To quantify sperm migration, the three zones that were scored for sperm distribution. Zone 3 is the
& 254 | SR spermatheca (yellow dotted circles in panels A, C) while Zone 1 is the area closest to the vulva. Sperm distribution

dotted circle) to exit the spermatheca and enter the uterus. (I’-M’) Abnormal ovulation was observed in pezo-1 CA animals. Control of the spermathecal
PEZO-1::mScarlet; GFP::PEZO-1; Germline, Gonad & Oocyte PEZO-1::mScarlet; GEP::PEZO-1; Spermatheca & Sperm valves was aberrant (I’-M’) during ovulation and the DLG-1::GFP labelled sp-ut valve (red arrow) never fully opened; the oocyte was crushed as it was

is measured 1 hour after males were removed from the mating plate. (A-D) The distribution of fluorescent male

expelled (V). oL L = & sperm labeled with MitoTracker in the three zones in both wildtype and pezo-1 mutants 1 hour after the males
- & & & & . . ey e . .
Garmline Germiie Germline A - A - were removed. (E) Qlfantl.ﬁcz}tlon of sperm distribution values. Nu.mb.er of t¥1e scored uteri is shown above each of
PEZO-1 Mutants Show Normal GCaMP3 Fluorescence during Ovulation. but éﬂ% & oV% 4 the bars. Yellow asterisks indicate the vulva (C, D). Scale bars are indicated in each panel.
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Genetically Interact with Cytosolic Ca*" Regulators Tissue-Specific Degradation of PEZO-1 Displays a Reduced Brood Size and Causes Sperm
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(A) GFP::PEZO-1 is strongly expressed in multiple mechanosensitive tissues, such as the pharyngeal-intestinal valve, spermatheca, and vulva (red arrows). (B-C) 1 CA- finAo--GCalP3 ° 014 1
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localize to reproductive tissues, such as the plasma membrane of the germline cells (D-E), somatic gonad (D-F), spermatheca (F; in white box), and sperm (red RN NN i &S
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arrows) (G). (H-L) Representative images of PEZO-1 localization during ovulation and fertilization. GFP::PEZO-1 (green) localizes to the spermathecal distal 60&°‘,¢e‘>;,,,.'~“&'>" & ,@A" AT Qe:f,»;“Qef}oQo:f,ﬁe@o&&ge@o
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valve (yellow arrow, H), which remains closed before ovulation. The oocyte ovulated and entered into the spermatheca (I) and stayed enclosed in the spermatheca ( Q&o'” & @ T & s ffx‘ s fé e o
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until fertilization completed (J). During fertilization, GFP::PEZO-1 remained on the spermathecal-uterine (sp-ut) valve as indicated by a yellow arrow (J, K). The -1 Oocyte : & & & &

bag cells of the spermatheca also express GFP::PEZO-1 at this time (representative bag cells are marked by white arrows, I-K). After fertilization, the sp-ut valve
opened (K, yellow arrow) and allowed the newly-fertilized zygote to exit the constricting spermatheca (L). Once a fertilized zygote entered the uterus, the

(A) A degron tag was inserted at the 3’ end of the pezo-1 coding sequence using CRISPR/Cas9-mediated editing. (B) Brood size was reduced
in all degron strains when animals were treated with 2 mM auxin. Data are presented as the mean + standard error from at least two

-1 Oocyte -1 Oocyte Spermatheca

spermatheca constricts; sperm can be seen in the constricted spermatheca (L, yellow arrow). Black arrow below panel J shows the direction the embryo travels itr-1 RNAG l Cytosolic Ca2+1 ffo-2 RN Ail; Cytosolic Ca2+T independent experiments. (C-F) Sperm distribution 1 hour after male removal from mating plates. The germline specific PEZO-1::Degron
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