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contains leaky epithelia, whereas distal nephron segments, such as the
collecting duct, contain tight epithelia. Leaky epithelia are most well
suited for bulk fluid reabsorption, whereas tight epithelia allow for
more refined control and regulation of transport.

MEMBRANE TRANSPORT
Cell membranes are composed of hydrophobic lipids that repel water
and aqueous solutes. The movement of solutes and water across cell
membranes is made possible by discrete classes of integral membrane
proteins, including channels, pumps, and transporters. These different
mechanisms mediate specific types of transport activities, including
active transport (pumps), passive transport (channels), facilitated diffusion (transporters), and secondary active transport (cotransporters).
Active transport requires metabolic energy generated by the hydrolysis of ATP. Active transport pumps are ion-translocating ATPases,
including the ubiquitous Na+/K+-ATPase, the H+-ATPases, and Ca2+ATPases. Active transport creates asymmetric ion concentrations
across a cell membrane and can move ions against a chemical gradient.
The potential energy stored in a concentration gradient of an ion such
as Na+ can be used to drive transport through other mechanisms (secondary active transport). Pumps are often electrogenic, meaning they
can create an asymmetric distribution of electrostatic charges across
the membrane and establish a voltage or membrane potential. The
movement of solutes through a membrane protein by simple diffusion
is called passive transport. This activity is mediated by channels created by selectively permeable membrane proteins, and it allows solute
or water to move across a membrane driven by favorable concentration gradients or electrochemical potential. Facilitated diffusion is a
specialized type of passive transport mediated by simple transporters
called carriers or uniporters. For example, hexose transporters such as
GLUT2 mediate glucose transport by tubular cells. These transporters
are driven by the concentration gradient for glucose that is highest in
extracellular fluids and lowest in the cytoplasm due to rapid metabolism. Many other transporters operate by translocating two or more
ions/solutes in concert either in the same direction (symporters or
cotransporters) or in opposite directions (antiporters or exchangers)
across the cell membrane. The movement of two or more ions/solutes
may produce no net change in the balance of electrostatic charges
across the membrane (electroneutral), or a transport event may alter
the balance of charges (electrogenic). Several inherited disorders of
renal tubular solute and water transport occur as a consequence of
mutations in genes encoding a variety of channels, transporter proteins, and their regulators (Table 332e-1).

SEGMENTAL NEPHRON FUNCTIONS
Each anatomic segment of the nephron has unique characteristics
and specialized functions enabling selective transport of solutes and
water (Fig. 332e-3). Through sequential events of reabsorption and
secretion along the nephron, tubular fluid is progressively conditioned
into urine. Knowledge of the major tubular mechanisms responsible
for solute and water transport is critical for understanding hormonal
regulation of kidney function and the pharmacologic manipulation of
renal excretion.

PROXIMAL TUBULE
The proximal tubule is responsible for reabsorbing ~60% of filtered
NaCl and water, as well as ~90% of filtered bicarbonate and most
critical nutrients such as glucose and amino acids. The proximal tubule
uses both cellular and paracellular transport mechanisms. The apical
membrane of proximal tubular cells has an expanded surface area
available for reabsorptive work created by a dense array of microvilli
called the brush border, and leaky tight junctions enable high-capacity
fluid reabsorption.
Solute and water pass through these tight junctions to enter the
lateral intercellular space where absorption by the peritubular capillaries occurs. Bulk fluid reabsorption by the proximal tubule is driven
by high oncotic pressure and low hydrostatic pressure within the peritubular capillaries. Cellular transport of most solutes by the proximal
tubule is coupled to the Na+ concentration gradient established by the
activity of a basolateral Na+/K+-ATPase (Fig. 332e-3A). This active
transport mechanism maintains a steep Na+ gradient by keeping intracellular Na+ concentrations low. Solute reabsorption is coupled to the
Na+ gradient by Na+-dependent transporters such as Na+-glucose and
Na+-phosphate cotransporters. In addition to the paracellular route,
water reabsorption also occurs through the cellular pathway enabled
by constitutively active water channels (aquaporin-1) present on both
apical and basolateral membranes.
Proximal tubular cells reclaim bicarbonate by a mechanism dependent on carbonic anhydrases. Filtered bicarbonate is first titrated by
protons delivered to the lumen by Na+/H+ exchange. The resulting carbonic acid (H2CO3) is metabolized by brush border carbonic anhydrase
to water and carbon dioxide. Dissolved carbon dioxide then diffuses
into the cell, where it is enzymatically hydrated by cytoplasmic carbonic
anhydrase to re-form carbonic acid. Finally, intracellular carbonic
acid dissociates into free protons and bicarbonate anions, and bicarbonate exits the cell through a basolateral Na+/HCO3− cotransporter.

