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Figure 2. Various species of Ctenophora represented within this research.  A. Pleurobrachia bachei (Telissa 
Wilson), B. Beroe forskalii (Erik Thuesen), C. Bolinopsis infundibulum (Steve Haddock), D. Bathyctena chuni 
(Steve Haddock), E. Hormiphora californiensis (Erik Thuesen). Images not to scale
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DEEPC collaborators at the Monterey Bay Aquarium Research Institute 
cloned pyruvate kinase (PK) from two ctenophore species, Beroe forskalii 
and Beroe abyssicola, which are closely related shallow- and deep-living 
species, respectively. These cloned enzymes were analyzed at The 
Evergreen State College using a high pressure cuvette system to 
characterize PK under 3 different hydrostatic pressures (1, 200, and 400 
atm). 

The SURF students also worked with a visiting scientist from Argentina, 
Esteban Paolucci, Ph.D., to measure enzymatic activities in the invasive 
New Zealand mud snail collected from Capitol Lake.
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Figure 3. Citrase synthase activity for seven 
species.

Enzyme Assays were conducted on Ctenophore samples collected in Puget 
Sound and on a research cruise in Hawaii during March of 2017. The frozen 
samples were thawed, homogenized, and assayed using a Hewlett-Packard 
diode array spectrophotometer held at 20 °C, and conducted immediately 
following specimen homogenization. Assays were run for 300 seconds at 
340 nm (PK, CK, MDH) and 412 nm (CS)3. 

Creatine kinase (CK) is involved with cilia metabolism in Ctenophora. CK ac-
tivity was assayed utilizing a coupled reaction involving enzymes hexoki-
nase and glucose-6-phosphodehydrogenase. The activity was calculated by 
production of NADPH. 

Citrate synthase (CS) is an indicator of aerobic metabolic potential and func-
tions in the first step of the citric acid cycle. CS activity was measured as an 
increase of absorbance of TNB (thionitrobenzoic acid) from DTNB (dithioni-
trobenzoic acid). During the 300 second of measurement, enzyme substrate 
oxaloacetate was added at approximately 150 seconds. 

Malate dehydrogenase (MDH) assays measure the declining concentration 
of NADH, which energizes the conversion of substrate oxaloacetate to 
L-malate via MDH from the specimen. 
 
Pyruvate Kinase (PK) plays a role in regulating cell metabolism. The enzy-
matic activity of PK is measured with added substrates L-lactate dehydroge-
nase (LDH), Phosphoenolpyruvate (PEP), and NADH. The activity is quanti-
fied by the declining concentration of NADH, which is proportional to the pro-
duction of lactate from pyruvate by LDH. 

BIOCHEMICAL ANALYSES

RESULTS

BIOCHEMICAL ANALYSES CONT’D.

Over the course of the summer, 183 enzymatic assays were carried out 
over 9 ctenophore species collected in Hawaii. Additional assays under 
different hydrostatic pressures were conducted on specimens of the local 
ctenophore P. bachei, commercial rabbit PK, and cloned PK. 

Hormiphora californensis, a surface dwelling species, had the highest 
overall measured metabolic rates on average (µmol substrate converted to 
product per minute): MDH: 0.837449167, PK: 0.215655625, CK: 
0.9656625, CS: 0.2562815 (n=8 animals, 16 assays). Bolinopsis vitrea 
samples had the lowest overall measured metabolic rates on average (µmol 
substrate converted to product per minute): MDH: 0.080723125, PK: 
0.034278, PK: 0.04634, CS: 0.011285053 (n=11 
animals, 20 assays). 

Linear regressions showed no significant relationship between body mass. 
and metabolic rates. 

Enzymatic activities of B. chuni and O. crystallina, deep- and surface-living 
species respectively, are very similar, supporting the visual 
interactions hypothesis1. 
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Figure 4. Pyruvate kinase activity for seven 
species. 

Figure 6. Malate dehydrogenase activity for 
seven species.

Figure 5. Creatine kinase activity for seven 
species. 

These Summer Undergraduate Research Fellowships, entitled ‘Ecophysiol-
ogy of Ctenophores’, focused on supporting the DEEPC project, that is 
funded by the National Science Foundation. DEEPC is seeking to under-
stand the phylogenetic diversity, genetic diversity, and functional diversity of 
ctenophores, also known as comb jellies.

The phylum Ctenophora is comprised of gelatinous marine invertebrates 
that utilize rows of cilia called combs to swim. They are the largest species 
of animal to move via ciliary action. Evolutionary evidence suggests cteno-
phores were the first group of animals to split away from all other animals 
and are even older than sponges. Extant species of ctenophores occupy 
oceans worldwide at a variety of depths and habitats. Transitions to life in 
the deep sea require adaptations in the genetic code to maintain the struc-
ture and function of proteins. In this project, ctenophore enzymes were 
characterized from both distant and closely related ctenophore species that 
live in shallow waters and deep environments. Enzymatic activities (Vmax) 
were analyzed within the context of the visual interactions hypothesis1.
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SURF students collected ctenophore species Pleurobrachia bachei, which 
were abundant in the Olympia area during June. Collection sites were the 
Boston Harbor Marina and off the shore of Hope Island Marine State Park, 
Puget Sound, Washington. 

Organisms were captured via “Jellyfish catchers2.” The ctenophores were 
then checked for visible parasitic amphipods, and all afflicted specimens 
were discarded. Clean P. bachei were refrigerated overnight in filtered sea-
water to clear their digestive systems, then frozen in liquid nitrogen and 
stored at -80°C for future biochemical analyses. 

SPECIMEN COLLECTION 

Figure 1. Maya Nabipoor, Sapphitah Ahmath, and a Rebecca Hsieh, a high school 
research assistant, collecting ctenophores (Erik Thuesen). 
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Figure 7. Stacia Krause Ledbetter analyzing enzyme assays in the lab (Maya 
Nabipoor). 
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