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Walter F. Boron, MD, PhD 
Distinguished University Professor 

Myers/Scarpa Professor and Chairman, 
Department of Physiology and Biophysics 

Professor of Medicine 
Professor of Biochemistry 

Case Western Reserve University 
10900 Euclid Avenue 

Cleveland, OH  44106-4970 
Tel: 216-368-3400 

Email: walter.boron@case.edu 

Education: 
A.B. Summa cum laude, 1971, Saint Louis University, Chemistry 
M.D., 1977, Washington University (St. Louis) 
Ph.D., 1977, Washington University, Physiology and Biophysics 

Academic Positions: 
1977 – 1978: Postdoctoral Fellow, Dept. of Physiology and Biophysics, Washington University School 

of Medicine, St. Louis, Missouri 
1978 – 1980: Postdoctoral Fellow, Dept. of Physiology, Yale University School of Medicine, New Ha-

ven, Connecticut 
1980 – 1984: Assistant Professor, Dept. of Physiology, Yale University School of Medicine, New Ha-

ven, Connecticut 
1984 – 1987: Associate Professor, Dept. of Physiology, Yale University School of Medicine, New Ha-

ven, Connecticut 
1987 – 2007: Professor, Dept. of Cellular & Molecular Physiology, Yale University School of Medicine, 

New Haven, Connecticut 
2007 – present: Professor, Dept. of Physiology & Biophysics, Case Western Reserve University School 

of Medicine, Cleveland, Ohio 
2013 – present: Professor, Secondary Appointment, Department of Medicine, Case Western Reserve 

University School of Medicine, Cleveland, Ohio 
2015 – present: Adjunct Professor, Dept. of Physiology, Wayne State University School of Medicine, 

Detroit, Michigan 
2015: Honorary Professor, University of Medicine and Pharmacy of Tîrgu Mureș, Romania 
2016 – 2019: Guest Professor, Huazhong University of Science & Technology (HUST), Wuhan, China 
2017 – present: Professor, Secondary Appointment, Department of Biochemistry, Case Western Reserve 

University School of Medicine, Cleveland, Ohio 

Administrative Positions: 
1987 – 1989: Director of Medical Studies, Dept. of Cellular & Molecular Physiology, Yale University 

School of Medicine, New Haven, Connecticut 

mailto:Walter.boron@case.edu
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1989 – 1998: Chair, Dept. of Cellular & Molecular Physiology, Yale University School of Medicine, 
New Haven, Connecticut. 

2007 – present: David N. & Inez Myers/Antonio Scarpa, MD, PhD Chair, Department of Physiology 
& Biophysics, Case Western Reserve University, School of Medicine, Cleveland, Ohio 

2016 – present: Executive Director of PhD Programs (representing the Council of Chairs of Basic Sci-
ence Departments), Case Western Reserve University, School of Medicine, Cleveland, Ohio 

2017 – 2018: Interim Chair Department of Biochemistry, Case Western Reserve University, School of 
Medicine, Cleveland, Ohio 

Honors and Awards: 
Marcus Award (undergraduate research in chemistry), 1971 
Phi Beta Kappa, Alpha Sigma Nu, Pi Mu Epsilon, Beta Beta Beta 
Grass Foundation MBL Fellow, 1975 
Sigma Xi 
NIH Research Service Award (postdoctoral fellowship), 1977 – 1980 
Searle Scholar, 1981 – 1984 
NIH Research Career Development Award, 1983 – 1988 
Young Investigator Award, American Society of Nephrology & American Heart Association, 1986 
Charles W. Bohmfalk Teaching Award (eligible to receive once), Yale Univ. School of Medicine, 1993 
Robert F. Pitts Lecture and Award, Renal Commission of the International Union of Physiological Sci-

ences, 1993 
Carl W. Gottschalk Lecture and Award, Renal Section of the American Physiological Society, 1998 
Elected Fellow, American Academy for the Advancement of Science, 1998 
NIH “MERIT” Award (NIDDK), 2002 – 2011 
Homer Smith Award, American Society of Nephrology, 2005 
Sharpey-Schafer Award, The Physiological Society (London), 2008 
PROSE (Professional and Scholarly Excellence) Award for the journal Physiology in category “Journal, 

Best Design in Print,” Association of American Publishers, 2009 
Palade Gold Medal (shared with William Catterall and Richard Tsien), Wayne State University, 2010. 
Ray G. Daggs Award, American Physiological Society, 2011 
British Medical Association Certificate of Honor (shared with EL Boulpaep & Elsevier) for Medical 

Physiology Updated 2nd Edition in category “Basic and Clinical Sciences” of BMA Medical Book 
Awards, 2012 

American Physiological Society 125th Anniversary Symposium, 2012: Paper by Boron & De Weer (J 
Gen Physiol, 1976) selected by Cell Physiology Section as the publication by an APS member that 
“had significantly advanced the discipline of physiology” in the previous 125 years. 

Awarded Doctor Medicinae Honoris Causa, Aarhus University, 2014 
Elected to National Academy of Medicine, 2014 
Elected Fellow, American Physiological Society, 2015 
Appointed Distinguished University Professor, Case Western Reserve University, 2020. 
Distinguished Service Award, Association of Chairs of Departments of Physiology, 2020 [presentation 

postponed due to COVID-19] 
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Memberships: 
American Heart Association 
American Physiological Society: Program Representative, Renal Section, 1984 – 1987; Chairman, 

Renal Section, 1990 – 1993; Council, 1995 – 1998; President-elect/President/Past-President, 
1998 – 2001 

American Society of Nephrology 
Association of Chairs of Departments of Physiology: Councilor, 2018 – 2020 
Biophysical Society 
International Society of Nephrology 
International Union of Physiological Societies (IUPS): Member, National Organizing Committee for 

2005 Congress; Chair, US Scientific Programming Committee & concurrent Chair, International 
Scientific Programming Committee, for 2005 Congress. Secretary-General, 1/1/2010 – 12/31/2017. 
International Scientific Programming Committee for 2013 Congress, Co-chair. International Scien-
tific Programming Committee for 2017 Congress, Co-chair. Nominations Committee, 2017 – pre-
sent, Chair. Publications Task Force, 2018 – present, Chair. 

National Academy of Medicine: Vice Chair, National Academy of Medicine, Section 3: Neurobiology, 
Physiological and Pharmacological Sciences, 2018 – 2020. Chair, Section 3: 2020 – 2022. 

Physiological Society (London) 
Society of General Physiologists: Treasurer, 1988 – 1991 
Society for Neuroscience 

Editorial Positions: 
American Journal of Physiology: Renal, Fluid and Electrolyte Physiology: Editorial Board, 1984 – 

1988. 
Annual Review of Physiology: Special Section Editor, volume 48, 1986 
Journal of Physiology (London): an Editor, 1985 – 1992 
Physiological Reviews: Associate Editor, Jan. 1, 1985 – Dec. 31, 1990; Editor-in-Chief, Jan. 1, 1994 – 

Dec. 31, 1999 
Physiology. Editor-in-Chief, July 1, 2003 – June 30, 2012 
Reference Module in Biomedical Sciences (an online reference source), Elsevier Publishing, Kidlington, 

Oxford, United Kingdom: 2014 – 2019: Co-Subject Editor (with EL Boulpaep), Human Physiology 
Medical Physiology. A Cellular and Molecular Approach. (A textbook for medical students) Co-editor 

(with EL Boulpaep). Philadelphia: Saunders/Elsevier, editions published in 2003 (1st edition), 2005 
(1st edition, updated edition), 2009 (2nd edition), 2012 (2nd edition, updated edition), 2016 (3rd edition) 
… 4th edition is in active preparation. 

Medical Physiology. Concise Edition. Co-editor (with EL Boulpaep). Philadelphia: Saunders/Elsevier 
[in production] 

Physiological Mini Reviews (Official organ of the Argentinian Physiological Society): Associate Edi-
tor, May 2019 – Present 

Physiome (online modeling journal of the International Union of Physiological Sciences): Editorial 
Board 
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Meetings Organized: 
Na+-H+ Exchange, Intracellular pH, and Cell Function. Yale Univ., Dept. of Physiology: Tenth Con-

ference on Membrane Transport Processes. Dec. 11 – 13, 1984: Co-organizer (with PS Aronson) 
pH. Multi-symposium “Theme” for spring 1986 FASEB meeting, St. Louis. Organizer 
Intracellular pH. American Physiological Society Conference. July 1996. Snowmass, Colorado: Co-or-

ganizer (with R Gillies) 
Frontiers of Cellular and Molecular Physiology. Yale Univ., Dept. of Physiology Conference, Jan. 22 – 

23, 1998: Co-organizer 
From Genomes to Functions. 2005 Meeting of the International Union of Physiological Sciences 

(IUPS), San Diego, CA: Member, National Organizing Committee; Chair, US Scientific Program-
ming Committee; Chair, International Scientific Programming Committee 

Gas Channels Workshop. Sponsored by the Office of Naval Research, Cleveland, September, 2012. Or-
ganizer 

2013 Congress of the International Union of Physiological Sciences (IUPS), Birmingham, UK: Co-
Chair, International Scientific Programming Committee 

2017 Congress of the International Union of Physiological Sciences (IUPS), Rio de Janeiro, Brazil: Co-
Chair, International Scientific Programming Committee 

Special Lectureships: 
Visiting Lecturer, Cardiovascular Research Institute, University of California at San Francisco, April 7 – 

8, 1986 
Beckman Lecturer, Department of Physiology, University of Cork, Ireland, April 1997 
Plenary Lecturer, Gordon Conference on Membrane Transporters, July 1998 
Major Lecturer, Annual Meeting of the German Physiological Society, Bonn, Germany, 1999 
Keynote Lecturer, Second Annual Membrane Biology Conference, University of Missouri, Columbia, 

November 1999 
After-Dinner Lecturer, Cell & Molecular Physiology Section of the American Physiological Society, 

New Orleans, April 22, 2002 
Dunaway-Burnham Visiting Scientist, Dartmouth University School of Medicine, Hanover, NH, January 

20 – 22, 2003 
Dr. John J. Spitzer Distinguished Lecturer, Louisiana State University Health Sciences Center, New Or-

leans, LA, October 4, 2004 
Suk-Ki Hong Memorial Lectures, SUNY Buffalo, May 24, 2006 
Keynote Speaker, Medical Student Research Forum, New York Medical College, February 5, 2007 
Frontiers of Science Lecture, Wayne State University, Detroit, MI, 2008 
Gottschalk Lecture, University of North Carolina, Chapel Hill, NC, 2009 
F.C. MacIntosh Lectureship, McGill University, Montreal, Canada, 2009 
International Society on Oxygen Transport to Tissue (ISOTT), Cleveland, OH, 2009 
Visiting Scientist, Perinatal Biology Seminar, Loma Linda University, Loma Linda, California, 2010 
Plenary Lecture. Joint Meeting of the Scandinavian and German Physiological Societies, University of 

Copenhagen, Denmark, 2010 
Guest (Keynote) Speaker, 3rd Annual Graduate Student Research Day, Department of Physiology and 

Biophysics, Dalhousie University, Nova Scotia, Canada. 2010 
Keynote Address, Center for Membrane Protein Research, Texas Tech University Health Science Cen-

ter. 2010 
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Plenary Lecture, 23rd Congress of the Chinese Association for Physiological Sciences (CAPS), Xi’An, 
China. 2010 

Plenary Lecture, 2nd Symposium of the International Society of Proton Dynamics in Cancer, Nice, 
France. 2011 

Plenary Lecture, International Workshop on Membrane Transport of Small Solutes, Strobl, Austria. 
2012 

Keynote Lecture, Brain Energy Metabolism and Blood Flow Gordon Research Conference, Waterville, 
Maine. 2012 

Plenary Lecture, International Physiology Conference, Suzhou, China. 2012 
JC Skou Lecture, Annual PhD Day at Faculty of Health, Aarhus University, Denmark. January, 2014 
Worthheim Lectureship, Graduate PhD Program in Biomedical Sciences, Florida International Univer-

sity, Miami, Florida. March 2014 
Plenary Lecture, III International Symposium (Neuroplasticity; Nervous Substrate for Health and Dis-

ease. New Approaches for Research), Tbilisi, Georgia. October 2–4, 2014 
Mayerson-DiLuzio Award Lecture, Tulane University, New Orleans, LA. March 9, 2015 
Distinguished Lecture, Office of Naval Research, Arlington, VA. April 20, 2015 
Plenary Lecture, Molecular & Cell Biology Congress, Nanjing, China. April 25, 2015 
Keynote Speaker, Frontiers in Nano Cell Biology, University of Medicine and Pharmacy, Tîrgu Mureș, 

Romania. May 5, 2015 
Keynote Lecture, 41st Turkish Physiology Congress, Çanakkale (Gallipoli), Turkey. September 10, 2015 
Walter H. Seegers endowed Lecture, Department of Physiology, Wayne State University, Detroit, MI, 

October 8, 2015 
Keynote Speaker, 2nd Annual Hypercapnia Symposium, Northwestern University, Chicago, IL. May 3, 

2016 
Donghu Forum of Life Sciences International Forum, Huazhong University of Science & Technology 

(HUST), Wuhan, Hubei, China. September 29, 2016 
Special Lecturer (series of 3 lectures), 15th Inter-Medical School Physiology Quiz (IMSPQ) 2017, Uni-

versity of Malaya, Kuala Lumpur, Malaysia. August 16–18, 2017 
Closing Lecture of Education Meeting, Argentine Society of Physiology (SAFIS), Mar del Plata, Argen-

tina, November 14, 2018 
SAFIS Lecture (Keynote), Argentine Society of Physiology (SAFIS), Mar del Plata, Argentina, Novem-

ber 16, 2018 
AuPS Plenary Lecture, Australian Physiological Society, Sydney, November 25 – 28, 2018 
Berliner Lecture, Departments of Physiology and Medicine, Yale University, March 21, 2019 
Honorary Lecture, Philippine Society of Physiologists, Manila, Philippines [scheduled for June 19, 2020 

but postponed due to COVID-19] 
Keynote Lecture, Joint meeting of the Physiological Society (UK), Scandinavian Physiological Society, 

German Physiological Society, and Federation of European Societies of Physiology [scheduled for 
September 11 – 13, 2020 but postponed due to COVID-19] 

Keynote Lecture, Detroit Cardiovascular Training Program, October 23, 2020 [delivered remotely be-
cause of COVID-19] 

Clarenburg Lecture, Kansas State University, to be scheduled for spring of 2021. 
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Entrepreneurship: 
Co-founder, Aeromics Inc. Discovered first blocker of an aquaporin (AQP) water channel to reach clini-

cal trials. AER-271 completed a successful phase 1 in 2019. AER-271, via its parent compound 
AER-270 blocks AQP4 at the blood-brain barrier to minimize cerebral edema in stroke. 

Co-founder, Remsenwood Associates LLC, which creates dedicated companies to develop specific 
drugs. The first such company is JanusQ, which is developing drugs to treat neurodegenerative dis-
eases. 

Publications: 

Original Research 

Peterson PE & WF Boron. 1,3-halogen shifts occurring via four-membered ring halonium ion intermedi-
ates in the solvolyses of 3-halo-1-butyl trifluromethanesulfonates. J Am Chem Soc 93:4076–4077, 
1971. 

Boron WF & P De Weer. Intracellular pH transients in squid giant axons caused by CO2, NH3, and meta-
bolic inhibitors. J Gen Physiol 67:91–112, 1976. PMCID: PMC2214912. 

Boron WF & P De Weer. Active proton transport stimulated by CO2/HCO3
–, blocked by cyanide. Nature 

259:240–241, 1976. doi: 10.1038/259240a0. 

Boron WF & A Roos. Comparison of microelectrode, DMO, and methylamine methods for measuring 
intracellular pH. Am J Physiol 231:799–809, 1976.  PMID: 9832. 

Russell JM & WF Boron. Role of chloride transport in regulation of intracellular pH. Nature 264:73–74, 
1976. doi:10.1038/264073a0. 

Boron WF. Intracellular pH transients in giant barnacle muscle fibers. Am J Physiol 233:C61–C73, 1977. 
PMID: 20782. 

Boron WF, JM Russell, MS Brodwick, DW Keifer & A Roos. Influence of cyclic AMP on intracellular 
pH regulation and chloride fluxes in barnacle muscle fibers. Nature 276:511–513, 1978. 
doi:10.1038/276511a0. 

Roos A & WF Boron. Intracellular pH transients in rat diaphragm muscle measured with DMO. Am J 
Physiol 235:C49–C54, 1978. PMID: 27989. 

Boron WF, WC McCormick & A Roos. pH regulation in barnacle muscle fibers: dependence on intracel-
lular and extracellular pH. Am J Physiol 237:C185–C193, 1979. PMID: 38672. 

Boron WF, WC McCormick & A Roos. pH regulation in barnacle muscle fibers: dependence on extracel-
lular sodium and bicarbonate. Am J Physiol 240:C80–C89, 1981. PMID: 6257119. 

Boron WF & EL Boulpaep. Intracellular pH regulation in the renal proximal tubule of the salamander: 
Na-H exchange. J Gen Physiol 81:29–52, 1983. PMCID: PMC2215563. 

http://jgp.rupress.org/content/67/1/91.full.pdf
http://www.nature.com/nature/journal/v259/n5540/pdf/259240a0.pdf
http://ajplegacy.physiology.org/content/ajplegacy/231/3/799.full.pdf
http://www.nature.com/nature/journal/v264/n5581/pdf/264073a0.pdf
http://ajpcell.physiology.org/content/ajpcell/233/3/C61.full.pdf
http://www.nature.com/nature/journal/v276/n5687/pdf/276511a0.pdf
http://ajpcell.physiology.org/cgi/pmidlookup?view=reprint&pmid=27989
http://ajpcell.physiology.org/content/ajpcell/237/3/C185.full.pdf
http://ajpcell.physiology.org/content/ajpcell/240/1/C80.full.pdf
http://jgp.rupress.org/content/81/1/29.full.pdf
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Boron WF & EL Boulpaep. Intracellular pH regulation in the renal proximal tubule of the salamander: 
basolateral HCO3

– transport. J Gen Physiol 81:53–94, 1983. PMCID: PMC2215562. 

Boron WF & JM Russell. Stoichiometry and ion dependencies of the intracellular-pH-regulating mecha-
nism in squid giant axons. J Gen Physiol 81:373–399, 1983. PMCID: PMC2215574. 

Russell JM, WF Boron & MS Brodwick. Intracellular pH and Na fluxes in barnacle muscle with evidence 
for reversal of the ionic mechanism of intracellular pH regulation. J Gen Physiol 82:47-78, 1983. 
PMCID: PMC2228689. 

Boron WF. Intracellular-pH-regulating mechanism of the squid axon: relation between the external Na+ 
and HCO3

– dependences. J Gen Physiol 85:325–345, 1985. PMCID: PMC2215796. 

Knakal RC, WC Summers, EJ Cragoe Jr & WF Boron. Expression of a mammalian Na-H exchanger in 
muscle fibers of the giant barnacle. Nature 315:756–758, 1985. PMID: 2409448. 

Chaillet JR & WF Boron. Intracellular calibration of a pH-sensitive dye in isolated, perfused salamander 
proximal tubules. J Gen Physiol 86:765–794, 1985. PMCID: PMC2228795. 

Chaillet JR, AG Lopes & WF Boron. Basolateral Na-H exchange in the rabbit cortical collecting tubule. 
J Gen Physiol 86:795–812, 1985. PMCID: PMC2228792. 

Chaillet JR, K Amsler & WF Boron. Optical measurement of intracellular pH in single LLC-PK1 cells: 
demonstration of Cl-HCO3 exchange. Proc Natl Acad Sci, USA 83:522–526, 1986. PMCID: 
PMC322892. 

Lopes AG, AW Siebens, G Giebisch & WF Boron. Electrogenic Na/HCO3 cotransport across the basolat-
eral membrane of the isolated perfused Necturus proximal tubule. Am J Physiol 253:F340–F350, 
1987. PMID: 3618795. 

Siebens AW & WF Boron. Effect of electroneutral luminal and basolateral lactate transport on intracellu-
lar pH in salamander proximal tubules. J Gen Physiol 90:799–831, 1987. PMCID: PMC2228884. 

Boron WF, E Hogan & JM Russell. pH-sensitive activation of the intracellular-pH regulation system in 
squid axons by ATPγS. Nature 332:262–265, 1988. doi:10.1038/332262a0. 

Ganz MB, G Boyarsky, WF Boron & RB Sterzel. Effects of angiotensin II and vasopressin on intracellular 
pH of glomerular mesangial cells. Am J Physiol 254:F787–F794, 1988. PMID: 3381882.  

Nakhoul NL, AG Lopes, JR Chaillet & WF Boron. Intracellular pH regulation in the S3 segment of the 
rabbit proximal tubule in HCO3

–-free solutions. J Gen Physiol 92:369–393, 1988. PMID: 3225554. 

Nakhoul NL & WF Boron. Acetate transport in the S3 segment of the rabbit proximal tubule and its effect 
on intracellular pH. J Gen Physiol 92:395–412, 1988.  PMCID: PMC2228900. 

Boyarsky G, MB Ganz, RB Sterzel & WF Boron. pH regulation in single glomerular mesangial cells. I. 
Acid extrusion in the absence and presence of HCO3

−. Am J Physiol 24:C844–C856, 1988. PMID: 
2849306. 

http://jgp.rupress.org/content/81/1/53.full.pdf
http://jgp.rupress.org/content/81/3/373.full.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2228689/pdf/jg82147.pdf
http://jgp.rupress.org/content/85/3/325.full.pdf
http://www.readcube.com/articles/10.1038/315756a0
http://jgp.rupress.org/content/86/6/765.full.pdf
http://jgp.rupress.org/content/86/6/795.full.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC322892/pdf/pnas00306-0331.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC322892/pdf/pnas00306-0331.pdf
http://ajprenal.physiology.org/content/ajprenal/253/2/F340.full.pdf
http://jgp.rupress.org/content/90/6/799.full.pdf
http://www.nature.com/nature/journal/v332/n6161/pdf/332262a0.pdf
http://ajprenal.physiology.org/content/ajprenal/254/6/F787.full.pdf
http://jgp.rupress.org/content/92/3/369.long
http://jgp.rupress.org/content/92/3/395.full.pdf
http://ajpcell.physiology.org/content/ajpcell/255/6/C844.full.pdf
http://ajpcell.physiology.org/content/ajpcell/255/6/C844.full.pdf
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Boyarsky G, MB Ganz, RB Sterzel & WF Boron. pH regulation in single glomerular mesangial cells. II. 
Na+-dependent and -independent Cl-HCO3 exchangers. Am J Physiol 24:C859–C896, 1988. 

Boron WF & RC Knakal. Intracellular pH-regulating mechanism of the squid axon: interaction between 
DNDS and extracellular Na+ and HCO3

–. J Gen Physiol 93:123–150, 1989. PMCID: PMC2216203. 

Siebens AW & WF Boron. Depolarization-induced alkalinization in proximal tubules. I. Characteristics 
and dependence on Na+. Am. J. Physiol 256:F342–F353, 1989. PMID: 2916666. 

Siebens AW & WF Boron. Depolarization-induced alkalinization in proximal tubules. II. Effects of lactate 
and SITS. Am J Physiol 256:F354–F365, 1989.  PMID: 2916667. 

Ganz MB, G Boyarsky, RB Sterzel & WF Boron. Arginine vasopressin enhances pHi regulation in the 
presence of HCO3

– by stimulating three acid-base transport systems. Nature 337:648–651, 1989. 
doi:10.1038/337648a0. 

Geibel JP, G Giebisch & WF Boron. Effects of acetate on luminal acidification processes in the S3 seg-
ment of the rabbit proximal tubule. Am J Physiol 257:F586–F594, 1989. PMID: 2801961. 

Geibel JP, G Giebisch & WF Boron. Basolateral sodium-coupled acid-base transport mechanisms of the 
rabbit proximal tubule. Am J Physiol 257:F790–F797, 1989. PMID: 2556038. 

Boyarsky G, MB Ganz, EJ Cragoe & WF Boron. Intracellular pH dependence of Na-H exchange and acid 
loading in quiescent and arginine vasopressin-activated mesangial cells. Proc Natl Acad Sci, USA 
87:5921–5924, 1990. PMCID: PMC54441. 

Geibel J, G Giebisch & WF Boron. Angiotensin II stimulates both Na-H exchange and Na/HCO3 cotran-
sport in the rabbit proximal tubule. Proc Natl Acad Sci, USA 87:7917–7920, 1990. PMCID: 
PMC54862. 

Nakhoul NL, L Chen & WF Boron. Intracellular pH regulation in the rabbit S3 proximal tubule. Basolat-
eral Cl-HCO3 exchange and Na/HCO3 cotransport. Am J Physiol 258:F371–F381, 1990. PMID: 
2155541.  

Ganz MB, MC Perfetto & WF Boron. Effects of mitogens and other agents on mesangial cell proliferation, 
pH and Ca2+. Am J Physiol 259:F269–F278, 1990. PMID: 2117398. 

Boyarsky G, N Rosenthal, E Barrett & WF Boron. Effect of diabetes on Na-H exchange by single isolated 
hepatocytes. Am J Physiol 260:C167–C175, 1991. 

Davis BA, E Hogan & WF Boron. Role of G proteins in stimulation of Na-H exchange by cell shrinkage. 
Am J Physiol 262:C533–C536, 1992. PMID: 1311505. 

Davis BA, E Hogan & WF Boron. Activation of Na-H exchange by intracellular lithium in barnacle mus-
cle fibers. Am J Physiol: Cell 263:C246–C256, 1992. PMID: 1322042. 

Boron WF & RC Knakal. Intracellular pH-regulating mechanism of the squid axon. Dependence on ex-
tracellular pH. J Gen Physiol 99:817–837, 1992. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2216203/pdf/jg931123.pdf
http://ajprenal.physiology.org/content/ajprenal/256/2/F342.full.pdf
http://ajprenal.physiology.org/content/ajprenal/256/2/F354.full.pdf
http://www.nature.com/nature/journal/v337/n6208/pdf/337648a0.pdf
http://ajprenal.physiology.org/content/ajprenal/257/4/F586.full.pdf
http://ajprenal.physiology.org/content/ajprenal/257/5/F790.full.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC54441/pdf/pnas01040-0342.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC54862/pdf/pnas01045-0128.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC54862/pdf/pnas01045-0128.pdf
http://ajprenal.physiology.org/content/ajprenal/258/2/F371.full.pdf
http://ajprenal.physiology.org/content/ajprenal/258/2/F371.full.pdf
http://ajprenal.physiology.org/content/ajprenal/259/2/F269.full.pdf
http://ajpcell.physiology.org/content/ajpcell/262/2/C533.full.pdf
http://ajpcell.physiology.org/content/ajpcell/263/1/C246.full.pdf
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Tardieux I, P Webster, J Ravesloot, WF Boron, JA Lunn, JE Heuser & NW Andrews. Lysosome recruit-
ment and fusion are early events required for trypanosome invasion of mammalian cells. Cell 
71:1117–1130, 1992. doi:10.1016/S0092-8674(05)80061-3. 

Boyarsky G, W-R Schlue, MBE Davis, B Ransom & WF Boron. Intracellular pH regulation in single 
cultured astrocytes from rat forebrain. Glia 8:241–248, 1993. 

Nakhoul NL, LK Chen & WF Boron. Effect of basolateral CO2/HCO3 on intracellular pH regulation in 
the rabbit S3 proximal tubule. J Gen Physiol. 102:1171–1205, 1993. PMID: 8133244 PMCID: 
PMC2229188. 

Gupta A, CJ Schwiening & WF Boron. Effects of CGRP, forskolin, PMA and ionomycin on pHi depend-
ence of Na-H exchange in UMR-106 cells. Am J Physiol 266:C1083–C1092, 1994. PMID: 
8178955. 

Schwiening CJ & WF Boron. Regulation of intracellular pH in pyramidal neurones from the rat hippo-
campus by Na+-dependent Cl–-HCO3

– exchange. J Physiol 475:59–67, 1994. PMCID: 
PMC1160355. 

Kaplan DL & WF Boron. Long-term expression of c-H-ras stimulates Na-H and Na+-dependent Cl-HCO3 
exchange in NIH-3T3 fibroblasts. J Biol Chem 269:4116–4124, 1994. PMID: 8307971. 

Ganz MB & WF Boron. Long-term effects of growth factors on pH and acid-base transport in rat glomer-
ular mesangial cells. Am J Physiol 266:F576–F585, 1994. PMID: 8184890. 

Waisbren SJ, JP Geibel, WF Boron & IM Modlin. Luminal perfusion of isolated gastric glands. Am J 
Physiol 266:C1013–C1027, 1994. PMID: 8178950. 

Waisbren SJ, JP Geibel, IM Modlin & WF Boron. Unusual permeability properties of gastric gland cells. 
Nature 368:332–335, 1994. PMID: 8127367. doi: 10.1038/368332a0 

Davis BA, EM Hogan & WF Boron. Shrinkage-induced activation of Na+-H+ exchange in barnacle muscle 
fibers. Am J Physiol 266:C1744–C1753, 1994. PMID: 8023904. 

Fei YJ, Y Kanai, S Nussberger, V Ganapathy, FH Leibach, MF Romero, SK Singh & WF Boron, MA 
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Chen LK & WF Boron. Acid extrusion in the S3 segment of the rabbit proximal tubule: II. Effect of 
basolateral CO2/HCO3
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− solutions and their use 
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Singh SK, HJ Binder, JP Geibel & WF Boron. An apical permeability barrier to NH3/NH4 in isolated, 
perfused colonic crypts. Proc Natl Acad Sci, USA 92:11573–11577, 1995. PMID: 8524806. 
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9486117. 

Romero MF, P Fong, UV Berger, MA Hediger & WF Boron. Cloning and functional expression of rNBC, 
an electrogenic Na+-HCO3

– cotransporter from rat kidney. Am J Physiol 274:F425–F432, 1998. 
PMID: 9486238. 
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trogenic Na+-HCO3

– cotransporter (NBC) in mammalian and amphibian kidney. Am J Physiol 
276:F27–F38, 1999. PMID: 9887077. 

Bevensee MO, E Bashi, W-R Schlue, G Boyarsky & WF Boron. Shrinkage-induced activation of Na+/H+ 
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– dependence of electrogenic Na/HCO3 

cotransporters cloned from salamander and rat kidney.  J Gen Physiol 115:533–546, 2000. 
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Maunsbach AB, H Vorum, TH Kwon, S Nielsen, B Simonsen, I Choi, BM Schmitt, WF Boron & C 
Aalkjær. Immunoelectron microscopic localization of the electrogenic Na/HCO3 cotransporter in 
rat and Ambystoma kidney. J Am Soc Nephrol 11:2179–2189, 2000. doi:1046-6673/1112-2179. 
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doi:10.1074/jbc.M602181200. 

Toye AM, MD Parker, CM Daly, J Lu; LV Virkki, M Pelletier & WF Boron. The Human NBCe1-A 
mutant R881C, associated with proximal renal tubular acidosis, retains function but is mistargeted 
in polarized renal epithelia. Am J Physiol Cell Physiol 291: 788–801, 2006. doi:10.1152/aj-
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requires interactions among transmembrane segments of the transporter. J Physiol 578:131–142, 
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anhydrase II and pure C-terminal domains of SLC4 bicarbonate transporters. J Biol Chem 
282:1409–1421, 2007. doi:10.1074/jbc.M608261200. 

http://www.pnas.org/cgi/content/full/102/10/3875
http://ajpcell.physiology.org/cgi/content/full/289/6/C1448
http://ajprenal.physiology.org/cgi/content/full/290/3/F666
http://ajprenal.physiology.org/cgi/content/full/291/2/F358
http://dx.doi.org/10.1016/j.pep.2006.04.001
http://www.blackwell-synergy.com/doi/full/10.1107/S1744309106015181?prevSearch=allfield:(boron)
http://www.jbc.org/cgi/content/full/281/28/19241
http://ajpcell.physiology.org/cgi/content/full/291/4/C788
http://ajpcell.physiology.org/cgi/content/full/291/4/C788
http://www.fasebj.org/cgi/content/full/20/12/1974
http://jp.physoc.org/cgi/content/full/578/1/131
http://endo.endojournals.org/cgi/content/full/148/2/831
http://www.jbc.org/cgi/content/full/282/2/1409
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Wang Y, J Cohen, WF Boron, K Schulten & E Tajkhorshid. Exploring gas permeability of cellular mem-
branes and membrane channels with molecular dynamics. J Structural Biol 157:534–544, 2007. 
doi:10.1016/j.jsb.2006.11.008. 

Lu J & WF Boron. Reversible and irreversible interactions of DIDS with the human electrogenic Na/HCO3 
cotransporter NBCe1-A: Role of lysines in the KKMIK motif of TM5. Am J Physiol Cell Physiol 
292:1787–1798, 2007. doi:10.1152/ajpcell.00267.2006. 

Piermarini P, I Choi & WF Boron. Cloning and characterization of an electrogenic Na/HCO3 cotransporter 
from the squid giant fiber lobe. Am J Physiol Cell Physiol 292:2032–2045, 2007. doi:10.1152/aj-
pcell.00544.2006. 

Parker MD, MT Young, CM Daly, RW Meech, WF Boron & MJ Tanner. A conductive pathway generated 
from fragments of the human red cell anion exchanger, AE1. J Physiol 581:33–50, 2007. 
doi:10.1113/jphysiol.2007.128389v1. PMCID: PMC2075216. 

Zhou Y, P Bouyer & WF Boron. Role of the AT1A receptor in the CO2-induced stimulation of HCO3
–

vreabsorption by renal proximal tubules. Am J Physiol Renal Physiol 293:F110–120, 2007. 
doi:10.1152/ajprenal.00516.2006. 

Kanaan A, RM Douglas, SL Alper, WF Boron & GG Haddad. Effect of chronic elevated carbon dioxide 
on the expression of acid-base transporters in the neonatal and adult mouse. Am J Physiol Regul 
Integr Comp Physiol 293:1294–1302, 2007. doi.org/10.1152/ajpregu.00261.2007. 

Chen LM, I Choi, GG Haddad & WF Boron. Chronic continuous hypoxia decreases the expression of 
SLC4A7 (NBCn1) and SLC4A10 (NCBE) in mouse brain. Am J Physiol: Regul Integr Comp 
Physiol 293:2412–420, 2007. doi.org/10.1152/ajpregu.00497.2007. 

Zhou Y & WF Boron. Role of endogenously secreted angiotensin II in the CO2-induced stimulation of 
HCO3 reabsorption by renal proximal tubules. Am J Physiol Renal Physiol 294:245–252, 2008. 
doi.org/10.1152/ajprenal.00168.2007. 

Chen LM, ML Kelly, JD Rojas, MD Parker, HS Gill, BA Davis & WF Boron. Use of a new polyclonal 
antibody to study the distribution and glycosylation of the sodium-coupled bicarbonate transporter 
NCBE in rodent brain. Neuroscience 151:374–385, 2008. doi.org/10.1016/j.neurosci-
ence.2007.10.015. PMCID: PMC2905792. 

Bevensee MO & WF Boron. Effects of acute hypoxia on intracellular-pH regulation in astrocytes cultured 
from rat hippocampus. Brain Res 1193:143–152, 2008. doi:10.1016/j.brainres.2007. PMCID: 
PMC2483307. 

Chen LM, ML Kelly, MD Parker, P Bouyer, HS Gill, JM Felie, BA Davis & WF Boron. Expression and 
localization of Na-driven Cl-HCO3

– exchanger (SLC4A8) NDCBE in rodent CNS. Neuroscience 
153:162–174, 2008. doi:10.1016/j.neuroscience.2008.02.018. PMCID: PMC2905791. 

Parker MD, R Musa-Aziz, JD Rojas, I Choi, CM Daly & WF Boron. Characterization of human SLC4A10 
as an electroneutral Na/HCO3 cotransporter (NBCn2) with Cl– self-exchange activity. J Biol Chem 
283:12777–12788, 2008. doi:10.1074/jbc.M707829200. PMCID: PMC2442331. 

http://dx.doi.org/10.1016/j.jsb.2006.11.008
http://ajpcell.physiology.org/cgi/content/full/292/5/C1787
http://ajpcell.physiology.org/cgi/content/full/292/6/C2032
http://ajpcell.physiology.org/cgi/content/full/292/6/C2032
http://jp.physoc.org/cgi/content/short/jphysiol.2007.128389v1
http://dx.doi:10.1152/ajprenal.00516.2006
http://dx.doi.org/10.1152/ajpregu.00261.2007
http://dx.doi.org/10.1152/ajpregu.00497.2007
http://dx.doi.org/10.1152/ajprenal.00168.2007
http://dx.doi.org/10.1016/j.neuroscience.2007.10.015
http://dx.doi.org/10.1016/j.neuroscience.2007.10.015
http://dx.doi.org/10.1016/j.brainres.2007.12.002
http://dx.doi.org/10.1016/j.neuroscience.2008.02.018
http://www.jbc.org/cgi/content/full/283/19/12777
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Davis BA, EM Hogan, JM Russell & WF Boron. ATP dependence of Na+-driven Cl-HCO3 exchange in 
squid axons. J Membr Biol 222:107–113, 2008. doi:10.1007/s00232-008-9100-1. PMCID: 
PMC2905805. 

Majumdar D, AB Maunsbach, JJ Shacka, JB Williams, UV Berger, KP Schultz, LE Harkins, WF Boron, 
KA Roth & MO Bevensee. Localization of electrogenic Na/bicarbonate cotransporters NBCe1 
variants in rat brain. Neuroscience 155:313–832, 2008. doi:10.1016/j.neuroscience.2008.05.037. 
PMCID: PMC2711903. 

Parker MD, P Bouyer, CM Daly & WF Boron. Cloning and characterization of novel human SLC4A8 
gene products encoding Na+-driven Cl-HCO3 exchanger variants NDCBE-A, -C and -D. Physiol 
Genomics 34:265–276, 2008. doi:10.1152/physiolgenomics.90259.2008. PMCID: PMC2519961. 

Chen LM, GG Haddad & WF Boron. Effects of chronic continuous hypoxia on the expression of SLC4A8 
(NDCBE) in neonatal versus adult mouse brain. Brain Res 1238:85–92, 2008. 
doi:10.1016/j.brainres.2008.08.033. PMCID: PMC3222586. 

Musa-Aziz R, LM Chen, MF Pelletier & WF Boron. Relative CO2/NH3 selectivities of AQP1, AQP4, 
AQP5, AmtB, and RhAG. Proc Natl Acad Sci 106:5406–5411, 2009. 
doi:1.1073/pnas.0813231106. PMCID: PMC2664022 

Musa-Aziz R, L Jiang, LM Chen, KL Behar & WF Boron. Concentration-dependent effects on intracel-
lular and surface pH of exposing Xenopus oocytes to solutions containing NH3/NH4

+. J Membr Biol 
228:15–31, 2009. doi:10.1007/s00232-009-9155-7. PMCID: PMC2929962. 

Sussman CR, J Zhao, C Plata, J Lu, C Daly, N Angle, J DiPiero, IA Drummond, JO Liang WF Boron, MF 
Romero & M-H Chang. Cloning, localization and function expression of the electrogenic Na+ bi-
carbonate cotransporter (NBCe1) from zebrafish. Am J Physiol Cell Physiol 297:865–875, 2009. 
doi:10.1152.ajpcell.00679.2008. PMCID: PMC2770747. 

Yu H, B Riederer, N Stieger, WF Boron, GE Shull, MP Manns, UE Seidler & O Bachmann. Secretagogue 
stimulation enhances NBCe1 (electrogenic Na+/ HCO3

– cotransporter surface expression in murine 
colonic crypts. Am J Physiol Gastrointest Liver Physiol 297:C865–C875, 2009. doi:10.1152/aj-
pgi.00157.2009. PMCID: PMC3774290. 

Liu Y, K Xu, LM Chen, X Sun, MD Parker, ML Kelly, JC LaManna & WF Boron. Distribution of NBCn2 
(SLC4A10) splice variants in mouse brain. Neuroscience 169:951–964, 2010. doi:10.1016/j.neu-
roscience.2010.06.005. PMCID: PMC2914179. 

Chen LM, J Zhao, R Musa-Aziz, MF Pelletier, I Drummond & WF Boron. Cloning and characterization 
of a zebrafish cDNA homologue of human AQP1: A bifunctional water and gas channel. Am J 
Physiol Regul Integr Comp Physiol 299:R1163–1174, 2010. doi:10.1152/ajpregu.00319.2010. 
PMCID: PMC2980453. 

Chen LM, Y Liu & WF Boron. Role of an extracellular loop in determining the stoichiometry of Na/HCO3 
cotransporters. J Physiol 589:877–890, 2011. doi:10.1113/jphysiol.2010.198713. PMCID: 
PMC3060367. 

http://www.springerlink.com/content/g0486g50l8136p34/
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T0F-4SNWW7H-6&_user=1512503&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_version=1&_urlVersion=0&_userid=1512503&md5=5921bba0f61dc5b222c50d43d653808c
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T0F-4SNWW7H-6&_user=1512503&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_version=1&_urlVersion=0&_userid=1512503&md5=5921bba0f61dc5b222c50d43d653808c
http://physiolgenomics.physiology.org/cgi/content/full/34/3/265
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6SYR-4T8SM3C-4&_user=6325866&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000062818&_version=1&_urlVersion=0&_userid=6325866&md5=610503eafdfb0a24626f78b70ed14c60
http://www.pnas.org/content/106/13/5406.long
http://www.springerlink.com/content/wg10746651k1u37p/
http://ajpcell.physiology.org/cgi/reprint/297/4/C865
http://ajpgi.physiology.org/cgi/reprint/ajpgi.00157.2009v2
http://ajpgi.physiology.org/cgi/reprint/ajpgi.00157.2009v2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T0F-508PPXR-2&_user=6325866&_coverDate=09%2F01%2F2010&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_acct=C000062818&_version=1&_urlVersion=0&_userid=6325866&doi:10.1016/j.neuroscience.2010.06.005
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T0F-508PPXR-2&_user=6325866&_coverDate=09%2F01%2F2010&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_acct=C000062818&_version=1&_urlVersion=0&_userid=6325866&doi:10.1016/j.neuroscience.2010.06.005
http://ajpregu.physiology.org/content/299/5/R1163.full.pdf+html
http://www.ncbi.nlm.nih.gov/pubmed/21224233
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Liu Y, J-Y Xu, D-K Wang, WF Boron & L-M Chen. Expression of NBCn2 (Slc4a10) splice variants in 
mouse brain: cloning of novel variant NBCn2-D. Brain Res 1390:33–40, 2011. 
doi:20.1016/j.brainres.2011.03.046. PMCID: PMC3201888. 

Lee SK, WF Boron & MD Parker. Relief of autoinhibition of the electrogenic Na/HCO3 cotransporter 
NBCe1-B: Role of IRBIT versus amino-terminal truncation. Am J Physiol Cell Physiol 302:C518–
526, 2012. doi:10.1152/ajpcell.00352.2011. PMCID: PMC3287159. 

Parker MD, X Qin, RC Williamson, AM Toye & WF Boron. HCO3
–-independent conductance with a mu-

tant Na/HCO3 cotransporter (SLC4A4) in a case of proximal renal tubular acidosis with hypoka-
lemic paralysis. J Physiol 590:2009–2034, 2012. doi: 10.1113/jphysiol.2011.224733. PMCID: 
PMC3573318. 

Chen LM, X Qin, FJ Moss, Y Liu & WF Boron. Effect of simultaneously replacing of putative TM6 and 
TM12 of NBCe1-A with those of NBCn1-A on surface abundance in Xenopus oocytes. J Membr 
Biol 245:131–140, 2012. doi:10.1007/s00232-012-9421-y. PMCID: PMC4636127. 

Somersalo E, R Occhipinti, WF Boron & D Calvetti. A reaction-diffusion model of CO2 influx into an 
oocyte. J Theor Biol 309:185–203, 2012. doi: 10.1016/j.jtbi.2012.06.016. PMCID: PMC3471386. 

Xu K, SR Bhupanapadu Sunkesula, P Huang, CP Tsipis, T Radford, G Babcock, WF Boron & JC 
LaManna. Early life hypoxic or hypoxic/hypercapnic stress alters acute ventilator sensitivity in 
adult mice. Adv Exp Med Biol 765:351–355, 2013. doi: 10.1007/978-1-4614-4989-8_49. 

Lee SK, WF Boron & MD Parker. Substrate specificity of the electrogenic sodium/bicarbonate cotrans-
porter NBCe1-A (SLC4A4, variant A) from humans and rabbits. Am J Physiol Renal Physiol 
304:F883–F899, 2013. doi: 10.1152/ajprenal.00612.2012. PMCID: PMC3625843. 

  Podcast and Editor’s pick 

Danielsen AA, MD Parker, S Lee, WF Boron, C Aalkjaer & Ebbe Boedtkjer. Splice cassette II of NBCn1 
(slc4a7) interacts with calcineurin A: implications for transporter activity and intracellular pH con-
trol during rat artery contractions. J Biol Chem 288: 8146–8155, 2013. doi: 
10.1074/jbc.M113.455386. PMCID: PMC3605633. 

Coley AA, VA Ruffin, F Moss, U Hopfer & WF Boron. Immunocytochemical identification of electro-
neutral Na+-coupled HCO3

– transporters in freshly dissociated mouse medullary raphé neurons. 
Neuroscience 246:451–467, 2013. doi: 10.1016/j.neuroscience.2013.02.064. PMCID: 
PMC3769942. 

Geyer RR, R Musa-Aziz, X Qin & WF Boron. Relative CO2/NH3 selectivities of aquaporins 0-9. Am J 
Physiol Cell Physiol 304:C985–C994, 2013. doi: 10.1152/ajpcell.00033.2013. 

Geyer RR, R Musa-Aziz, G Enkavi, P Mahinthichaichan, E Tajkhorshid & WF Boron. Movement of NH3 
through the human urea transporter B (UT-B): a new gas channel. Am J Physiol Renal Physiol 
304:F1447–F1457, 2013. doi: 10.1152/ajprenal.00609.2012. PMCID: PMC3680674. 

http://www.sciencedirect.com/science?_ob=MImg&_imagekey=B6SYR-52FMGTJ-2-1&_cdi=4841&_user=6325866&_pii=S0006899311005919&_origin=gateway&_coverDate=03%2F23%2F2011&_sk=999999999&view=c&wchp=dGLbVlb-zSkzV&md5=a603c29178fbfd2d37d31f432d812eee&ie=/sdarticle.pdf
http://ajpcell.physiology.org/content/early/2011/10/17/ajpcell.00352.2011.full.pdf+html
http://www.ncbi.nlm.nih.gov/pubmed/22331414
http://www.springerlink.com/content/43l1828rgr318147/fulltext.pdf
http://www.sciencedirect.com/science/article/pii/S0022519312003037
http://link.springer.com/chapter/10.1007%2F978-1-4614-4989-8_49
http://www.ncbi.nlm.nih.gov/pubmed/?term=Substrate+specificity+of+the+electrogenic+sodium%2Fbicarbonate+cotransporter+NBCe1-A+%28SLC4A4%2C+variant+A%29+from+humans+and+rabbits
http://www.ncbi.nlm.nih.gov/pubmed/?term=Splice+cassette+II+of+NBCn1+%28slc4a7%29+interacts+with+calcineurin+A%3A+implications+for+transporter+activity+and+intracellular+pH+control+during+rat+artery+contractions.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Splice+cassette+II+of+NBCn1+%28slc4a7%29+interacts+with+calcineurin+A%3A+implications+for+transporter+activity+and+intracellular+pH+control+during+rat+artery+contractions.
http://www.sciencedirect.com/science/article/pii/S0306452213002169
http://ajpcell.physiology.org/content/304/10/C985
http://ajprenal.physiology.org/content/304/12/F1447
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Gill HS, L Dutcher, WF Boron, S Patel & LM Guay-Woodford. X-ray diffraction studies on merohedrally 
twinned ∆1-62NtNBCe1-A crystals of the sodium/bicarbonate cotransporter. Acta Crystallogr 
Sect F Struct Biol Cryst Commun 69:796–799, 2013. doi: 10.1107/S1744309113016710. PMCID: 
PMC3702328. 

Qin X & WF Boron. Mutation of a single amino acid converts the human water channel aquaporin 5 into 
an anion channel. Am J Physiol Cell Physiol 305:C663–C672, 2013. doi: 10.1152/aj-
pcell.00129.2013. 

Liu Y, X Qin, DK Wang, YM Guo, HS Gill, N Morris, MD Parker, LM Chen & WF Boron. Effects of 
optional structural elements, including two alternative amino termini and a new splicing cassette 
IV, on the function of the sodium-bicarbonate cotransporter NBCn1 (SLC4A7). J Physiol 
591:4983–5004, 2013. doi: 10.1113/jphysiol.2013.258673. PMCID: PMC3810804. 

Geyer RR, MD Parker, AM Toye, WF Boron & R Musa-Aziz. Relative CO2/NH3 permeabilities of human 
RhAG, RhBG, and RhCG. J Membr Biol 246:915–926, 2013. doi: 10.1007/s00232-013-9593-0. 

Skelton LA, WF Boron & R Musa-Aziz. Effect of acute acid-base disturbances on ErbB1/2 tyrosine phos-
phorylation in rabbit renal proximal tubules. Am J Physiol Renal Physiol 305:F1747–F1764, 2013. 
doi: 10.1152/ajprenal.00307.2013. PMCID: PMC3882443. 

Musa-Aziz R, R Occhipinti & WF Boron. Evidence from simultaneous intracellular- and surface-pH tran-
sients that carbonic anhydrase II enhances CO2 fluxes across Xenopus oocyte plasma membranes. 
Am J Physiol Cell Physiol 307:C791–C813, 2014. doi:10.1152/ajpcell.00051.2014. PMCID: 
PMC4216939. 

Musa-Aziz R, R Occhipinti & WF Boron. Evidence from simultaneous intracellular- and surface-pH tran-
sients that carbonic anhydrase IV enhances CO2 fluxes across Xenopus oocytes plasma mem-
branes. Am J Physiol Cell Physiol 307: C814–C840, 2014. doi: 10.1152/ajpcell.00050.2014. 
PMCID: PMC4216941. 

Occhipinti R, R Musa-Aziz & WF Boron. Evidence from mathematical modeling that carbonic anhydrase 
II and IV enhance CO2 fluxes across Xenopus oocytes plasma membranes. Am J Physiol Cell 
Physiol 307: C841–C858, 2014. doi: 10.1152/ajpcell.00049.2014. PMCID: PMC4216938. 

  Editorial 3 papers by Musa-Aziz & Occhipinti: Delpire E. How carbonic anhydrases and pH buff-
ers facilitate the movement of carbon dioxide through biological membranes. Focus on “Evidence 
from simultaneous intracellular- and surface-pH transients that carbonic anhydrase II enhances 
CO₂ fluxes across Xenopus oocyte plasma membranes”; “Evidence from simultaneous intracellu-
lar- and surface-pH transients that carbonic anhydrase IV enhances CO₂ fluxes across Xenopus 
oocyte plasma membranes”; and “Evidence from mathematical modeling that carbonic anhydrase 
II and IV enhance CO₂ fluxes across Xenopus oocyte plasma membranes.” Am J Physiol, Cell 
Physiol 307:C788-790, 2014. PMID: 24965588. doi: 10.1152/ajpcell.00198.2014. 

Jalali R, J Guo, B Zandieh-Doulabi B, TJ Bervoets, ML Paine, WF Boron, MD Parker, MJ Bijvelds, JF 
Medina, PK DenBesten & AL Bronckers. NBCe1 (SLC4A4) a potential pH regulator in enamel 
organ cells during enamel development in the mouse. Cell Tissue Res 358:433–442, 2014. doi: 
10.1007/s00441-014-1935-4. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3702328/
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http://jp.physoc.org/content/591/20/4983.long
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Salameh AI, VA Ruffin & WF Boron. Effects of metabolic acidosis on intracellular pH responses in mul-
tiple cell types. Am J Physiol Regul Integr Comp Physiol 307:R1413–R1427, 2014. 
doi:10.1152/ajpregu.00154.2014. PMCID: PMC4269672. 

Skelton LA & WF Boron. Effect of acute acid-base disturbances on the phosphorylation of phospholipase 
C-γ1 and Erk1/2 in the renal proximal tubule. Physiol Rep 3:e12280, 2015. doi: 
10.14814/phy2.12280. PMCID: PMC4587455. 

Hu H, WJ Rappel, R Occhipinti, A Ries, M Böhmer, L You, C Xiao, CB Engineer, WF Boron & JI 
Schroeder. Distinct cellular locations of carbonic anhydrases mediate CO2 control of stomatal 
movements. Plant Physiol 169:1168–1178, 2015. doi: 10.1104/pp.15.00646. PMCID: 
PMC4587455. 

Wang C, H Hu, X Qin, B Zeise, D Xu, W-J Rappel, WF Boron & JI Schroeder. Reconstitution of CO₂ 
regulation of SLAC1 anion channel and function of CO₂-permeable PIP2;1 aquaporin as carbonic 
anhydrase 4 interactor. Plant Cell 28:568–582, 2016. PMID: 26764375. PMCID: PMC4790870. 
doi: 10.1105/tpc.15.00637. 

Boedtkjer E, KB Hansen, DMB Boedtkjer, C Aalkjaer & WF Boron. Extracellular HCO3
− is sensed by 

mouse cerebral arteries: Regulation of tone by receptor protein tyrosine phosphatase γ. J Cereb 
Blood Flow Metab 36: 965–980, 2016. doi: 10.1177/0271678X15610787. PMCID: PMC4853837. 

Zhou Y, LA Skelton, L Xu, PM Chandler, JM Berthiaume & WF Boron. Role of receptor protein tyrosine 
phosphatase γ in sensing extracellular CO2 and HCO3

−. J Am Soc Nephrol 27:2616–2621, 2016. 
doi: 10.1681/ASN.2015040439. 

  Editorial on Zhou et al: Soleimani M. Receptor protein tyrosine phosphatase γ, CO2 sensing in the 
proximal tubule and acid base homeostasis. J Am Soc Nephrol 27:2253–2545, 2016. 

Salameh A, CA Hübner & WF Boron. Role of Cl-HCO3 exchanger AE3 in intracellular-pH homeostasis 
in cultured murine hippocampal neurons, and in crosstalk to adjacent astrocytes. J Physiol 595.1: 
93–124, 2017. doi: 10.1113/JP272470. 

  Editorial on Salameh et al: Delpire E. Mysterious role of the neuronal anion exchanger 3. J Physiol 
595:601–602, 2017. doi: 10.1113/JP273033. 

Guo Y-M, Y Liu, M Liu, J-L Wang, Z-D Xie, K-J Chen, D-K Wang, R Occhipinti, WF Boron & L-M 
Chen. Na+/HCO3

− cotransporter NBCn2 mediates HCO3
− reclamation in the apical membrane of 

renal proximal tubules. J Am Soc Nephrol 28:2409–2419, March 9, 2017. 
doi:10.1681/ASN.2016080930. 

  Editorial on Guo et al: Carney EF. HCO3
− reclamation in the renal proximal tubule. Nat Rev Neph-

rol 13, 262, 2017. doi:10.1038/nrneph.2017.40. 

Zhao P, RR Geyer & WF Boron. A novel stopped-flow assay for quantitating carbonic-anhydrase activity 
and assessing red-blood-cell hemolysis, using out-of-equilibrium CO2/HCO3

− solutions. Front 
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