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INTRODUCTION EQUATIONS CONCLUSIONS

As the global temperatures and atmospheric carbon dioxide levels continue to rise, aquatic Functional Forms System of Equations > Our model assumes that the processes of sodium and ion transport across cells through
systems are expected to experience considerable drops in pH, or an increase in dissolved Drawing inspiration from the paper by Wallace and Tanenbaum, various pumps is similarly maintained across different species of animals. It is important to

: . . ! _ define the functional f f the t ters that t + i ity i i i
hydrogen ion concentration. These decreases in pH have been shown to cause potentially \I/cv)cre] icesg;i ieseasutnhceugp;dugtrrg: I\c;l ichZeIr?snli/'IJSr:tgaseantrinoon\;? WO d[l;l;z D NBC 4 NHE — NKA + dy. » ((Nat] — [Na*] note th?t this c_lemons_trateddszgct O|f| extracl:oelluldar aC|d|t3éI IIS nc;:t r;]ecessarlly ap_pllcallco!e to _all
lethal physiological changes in fish, drastically reducing the functionality of their gills as the y _ _Vmax[S] = - (Sodium ions removed from the cell by NBC) + (Sodium types of aquatic species. Additionally, we based our models of the concentration of ions in
equilibrium concentrations of ions in their gill cells change with changes in hydrogen ion ;{hal{;r] [[SS]] icons etrr]]terinlglg lghe I\IcﬂlAt)hro?ghﬁNHE) . f(Sog_ium _ions)removed cells on thi I\:Illcha_ells—l\/lenten equations for lack of previous literature on the exact

. 2 _ max |21 2 r0m+ e ce ) + ITTUSION OT sodalum 10Nns transport 0 t ese 10ns.
concentration. " Wty 52D Ky, 152D KT _ Nka+ d = (K1~ K » Our model has shown that with drops in pH from 7 (pH neutral water) to 2 (lethal levels of

These are equations for the transporters using this functional dt o K _ g o . ) ) ] ] ] ] i
Zebrafish, Danio rerio, are one of the best studied freshwater fish. Zebrafish gills are form: = (Potassium ions entering the cell through NKA) + (Diffusion acidity), intracellular sodium ion concentrations increased by a factor of five while
comprised primarily of three types of ionocytes: H*-ATPase-rich cells (HR cells), Na*—K*- (NKA) — VNKA[I\iaﬂ[KE | gf[g‘ggz_s]'“m lons) ) ) intracellular bicarbonate and potassium concentrations remained the same.
ATPase-rich cells (NaR cells), and Na*—CI- cotransporter cells (NCC cells), named for the (KN%VJ“[N ?N?fﬁzﬂ’{ff]) dr = “NBC+CA+ duco, * ([HCO5 5| - [HCO3] > Intracellular hydrogen ions increased dramatically in response to the decline in pH; this
ion transporters and enzymes they express.? As we are concerned with the impact of (NHE) = 71— i?zf/ag])li(xf, N (‘B'ié?r'ggge”?;f]s'oar:jsd';%”:g‘;ﬁg rom the ey e * significant cell pH decline will likely reach lethal levels, thereby killing the cells. Even if
changing pH on ion transfer in these gill cells, we are primarily concerned with the HR o VuscINa*1[HCO3] activity) + (Diffusion of bicarbonate ions) lethal pH levels are not attained, zebrafish gill cells will likely flood with water to offset the
cells, which are the only cells that pump hydrogen ions. Thus, we will generate a model of - (Knay +INa*]) (Ko, +[HCO5 ) diH™] _ e oA d, + ((H] = [H*) unnaturally elevated sodium concentrations, thereby inducing lysis in some cells and, in
ion transport in gill HR cells and determine the constants for each relevant ion transporter (CA15 and CA2) = VealH ¢0; ) [HE ] i _ “fhydrogen ions removed from the cell by NHE) + sufficiently acidic conditions, the fish will eventually die.
using Michaelis Menten Kinetics. (KCA;'[HZQB s Kea+HED) (Hydrogen ions added to the cell via CA15 and CA2 activity) - » Thus, there are two potential mechanisms by which pH drops can induce negative
(HA) = 7 HAJE [H]+] (Diffusion of hydrogen ions) physiological changes to fish: by increasing internal hydrogen ions, or sodium ions to lethal
» HA: An apically localized hydrogen ATPase which e levels.

utilizes ATP hydrolysis to actively pump hydrogen
HCO; + H* lons from the cytoplasm to the extracellular RESULTS FUTURE DIRECTIONS

environment. > To further refine this model, we will first define parameters for the relative abundances of

» NHE: A sodium-hydrogen antiporter which | M ot om Comosmraton Lovet i =3 M ol o Comoantration Laven, o =3 . . :
transports sodium iyons ?nto the F():ell and hydrogen out A) — B) - each of the 1on channels on the HR ionocytes to more accurately reflect the ion transport
. . ._ — hoos rates.
of the cell in a one-to-one ratio. ) — ) = == . . L .
_ . . L 2. 2 HCos » \We will further validate the parameters for the Michaelis Menten functional forms by
» NBC: A sodium-bicarbonate cotransporter; different 3 — hing the literature for ion t ¢ anal . ; . 4 finding oth
isoforms of this channel transport different ratios of 2| : searching the literature for ion transport analyses in aquatic organism and finding other
: : . A A - g g | papers that confirm the values we currently are using. Alternatively, if we find different
sodium to bicarbonate (either 1:1, 1:2, or 1:3 ions) g : lues f . . locitv and the Michaeli fant A ;
and thus we select the most common and median 3 3e values for maximum pumping velocity and the Michaelis constant, we will implemen
. . S| S those in our analysis.
ratio of 1:2 for this model.t’ . . ha'y N . .
> NKA: A sodium-potassium ATPase which utilizes » We will explicitly conduct an equilibrium analysis for the various external pH values we
ATP Hydrolysis to pump two ions of sodium out of e e e T T S have considered and we will more thoroughly evaluate the implications of these
Time in Seconds Time in Seconds —_— .
. o equilibria.
the cell and three ions of potassium into the cell, . . . . . .
.S SR PRSOLATERAL aqainst both of their conclzntration radients.s C) - HR Cotlon Concentration Lavee. i = 4 D) MR Catlon Concartraton Level, oH - 5 » We will evaluate the impact of pH on the external dissolved ion concentrations using
Figure 1 :—IR Cell Diagram?. Diagram > C?AZ and CA15: Carbonic anhy drgses whiclh convert o datasets from natural freshwater bodies to more accurately represent the external ion
- . L . ' T . oy - ncentrations under the vari H conditions.
of the relative positions of ion bicarbonate and hydrogen ions into carbon dioxide, £ =2 : concentrations under the various pH conditions
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Figure 2: lon Transport
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