
• SPV-1 drives cyclical actomyosin contractions in C. elegans 
spermatheca

• SPV-1 is a GAP that links changes in membrane curvature to regulate 
RHO-1 activity: specifically SPV-1 localizes to the membrane when 
the spermatheca is folded and dissociates from it when stretched  

• SPV-1 localizes to the membrane via an FBAR domain 
• RHO-1 is a GTPase that causes actomyosin contraction 
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Introduction

Data Collection:
• DIC and fluorescent widefield microscopy were used to image and 

collect ovulation movies through SPOT imaging software 
• Movies were then analyzed using Fiji ImageJ software 
GCaMP:
• GCaMP is a genetically encoded calcium sensor that is used to detect 

and quantify the presence of calcium through its fluorescence 
Worm Lines: 
• QT47: RHO-1 Gain of Function (GF)
• UN1417: GCaMP Labeled Spermatheca
• QT47/UN1417: RHO-1 Gain of Function (GF) with GCaMP Labeled 

Spermatheca
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1. Activated RHO-1 (GF) leads to overactive and premature contraction
of the spermatheca, potentially resulting in the cutting off of a piece
of the oocyte

2. Activated RHO-1 (GF) leads to decreased dwell and valve-to-valve
times as oocytes transited through the spermatheca at a
considerably faster rate

3. Preliminary Results of RHO-1 (GF) (GCaMP): RHO-1 does have an
effect on calcium signaling in the spermatheca, possibly by
increasing ovulation rate to a point where oscillations of distal and
proximal calcium levels are impossible

Next Steps:
1. Quantify intensity of calcium signaling in RHO-1 (GF) strains of

worms and compare to wild type
2. Evaluate effects various mutants have on calcium signaling

1. Determine the effects that RHO-1 gain of function (GF) has on 
oocyte transit through the spermatheca 

a. Develop heat shock protocol 
b. Develop parameters used for quantification

2. Cross RHO-1 (GF) to GCaMP labeled spermatheca line to determine 
the effects that RHO-1 (GF) is having on calcium signaling

• The Cram Lab is a genetics and molecular biology lab that utilizes C. 
elegans as a tractable in vivo model system to examine how 
mechanical forces are interpreted and transformed into biochemical 
signals by cells.

• C. elegans is a highly desirable model organism due to its sequenced 
genome, short life cycle, transparent bodies, and ease of genetic 
modification.

• The spermatheca is the location of oocyte fertilization in C. elegans 
and an in vivo model to study coordinated stretch and contraction 
during ovulation.

• Although the process by which the spermatheca operates is known 
to be a function of actomyosin contractility and lipid signaling, the 
mechanism by which regulation of contraction occurs is still 
unknown.

• Currently, a collaboration between Cram Lab and the 
Mechanobiology Institute in Singapore is focused on determining a 
molecular pathway by which this process is regulated.
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Figure 8. Adult hermaphrodite reproductive system in C. elegans. The reproductive
system in the hermaphrodite C. elegans is composed of two symmetrical U-shaped
gonad arms. Each gonad arm is the location of maturing oocyte formation and
connects to one of two spermathecae (sp). The spermatheca houses the sperm and
serves as the site of oocyte fertilization. Once fully matured, ovulation begins when
sheath cells contract, pulling the spermatheca over the proximal oocyte. Once in the
spermatheca, the oocyte is fertilized and extruded through the spermatheca-uterine
(sp-ut) valve, into the uterus, through actomyosin contraction. The fertilized oocyte
then develops in the uterus until it is laid outside the worm.

Conclusions

Heat Shock Optimization

RHO-1 Accelerates Oocyte Transit and leads to  Excessive Contraction in 

the Spermatheca

C. elegans Ovulation

• RHO-1 (GF) can be activated using a heat shock (HS) promoter

• Optimization of heat shock and recovery protocol determined a 30
minute HS at 33°C followed by a 90 minute recovery period at 20°C was
ideal. This protocol was chosen for its ability to produce a phenotype
without making ovulations impossible

• In order to compare ovulation between worms, an ovulation time 
indicator and spermatheca contraction parameter were needed

• Ovulation time was characterized by examining the time between closure 
of the distal spermatheca valve and opening of the sp-ut valve

FIGURE 2: Comparison of excessive heat shock (Left: 2x30 min HS at 33°C) with chosen
heat shock protocol (Right: 1x30 min HS at 33°C). Excessive heat shock resulted in
permanent clamping down of spermatheca–uterine (sp-ut) valve making ovulation
impossible.

Figure 3: Quantification of oocyte contraction during ovulation. Contraction was
measured by making a ratio of the width of the oocyte at its distal quarter (W1) over the
width of its proximal quarter (W2) upon the opening of the sp-ut valve. Ratios of about 1
indicate normal contraction, while ratios less then 1 indicate excessive contraction.
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Figure 4. Valve-to-valve transit times for RHO-1 worm strains. All worm strains were
raised for 72 hours at 20°C prior to a 30 minute heat shock at 33°C. Worms were allowed
to recover for 90 minutes at 20°C prior to visualization. Averages are indicated by
horizontal black lines. RHO-1 (GF) and RHO-1 (GF) (GCaMP) showed faster transit times
through the spermatheca overall, both of which were determined to be significantly
different from the control using T-tests.

Figure 5. Constriction magnitude ratios for RHO-1 worm strains. All worm strains were
put through the same 30 min heat shock and 90 min recovery period as mentioned
previously. Averages are denoted by horizontal black lines. RHO-1 (GF) and RHO-1(GF)
(GCaMP) lines showed decreased constriction magnitude ratios, indicating excessive
spermatheca contraction during ovulation. Data analysis displayed constriction results
were significantly different from one another (T-test).
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Figure 6. Comparison of ovulation between RHO-1 (GF) no heat shock and 30 minute heat shock at 33°C. Ovulation movies were
taken 90 minutes following a 30 minute HS treatment or no treatment. Comparison of ovulation between these two worms displays
that RHO-1 (GF) when activated, causes significantly decreased valve-to-valve time (117 sec) when compared with the non-heat shock
activated form (294 sec). There is also clearly more forceful constriction occurring with the RHO-1 (GF) activated worms (see *). These
findings suggest that when activated RHO-1 (GF) causes premature and excessive contraction of the spermatheca during ovulation.
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Figure 7. Fluorescent microscopy is being utilized
with GCaMP to capture ovulation movies while
also monitoring calcium signaling. Above is a
comparison of calcium signaling during the opening
of the sp-ut valve. Brighter colors indicate that more
calcium is present. RHO-1 worms display a clear lack
of calcium oscillations between the distal and
proximal regions of oocyte. Currently work is being
done to quantify the intensity changes in calcium
signaling during ovulation. Also visible is the
deformation in oocyte shape due to excessive
spermatheca contraction.
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Figure 1. Changing membrane curvature alters the effects of SPV-1 inhibition of RHO-
1 leading to oocyte ovulation in C. elegans spermatheca. SPV-1 localization to the
membrane of the spermatheca is dependent upon the spermatheca’s curvature. When
the proximal oocyte enters the spermatheca, causing expansion of the membrane, SPV-
1 delocalizes from the membrane thereby disinhibiting RHO-1 and causing contraction.
When the oocyte exits the spermatheca, SPV-1 is able to localize to the membrane,
inhibiting RHO-1 and relaxing the spermatheca.
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