Supplementary methods: 

Previously unpublished details for RNA isolation, quality control and quantitative PCR

RNA Isolation and Reverse Transcription

RNA-Isolation from jejunum of PAT WT and PAT KO mice was done with RNeasy Mini Kit (Qiagen, Hilden, Germany). The integrity of the RNA was controlled with the QIAxcel system (Qiagen, Hilden, Germany) and the Reverse Transcription with RevertAid Reverse Transcriptase (Thermo Fisher Scientific)

Quantitative RT-PCR

Real-time PCR reactions were carried out using Rotor-Gene SYBR Green PCR Kit in the Rotor-Gene Q Cycler (Qiagen, Hilden Germany). PCR extensions were performed at 60°C with 40 repeats. Data were analyzed using Rotor-Gene Software and exported to Microsoft Excel. Relative quantification was carried out using villin and RPS9) as reference genes.
Primer list:

	Genotyping
	Sequence
	Product length, Accession No.

	NHE2com.rev
	GTG ACT GCA TCG TTG AGC AGA GAC TCG
	WT: 450bp, KO: 221bp

	NHE2wt.for
	CAT CTC TAT CAC AAG TTG CCC ACA ATC GTG
	

	NHE2mt.for
	GAC AAT AGC AGG CAT GCT GG          

	

	NHE3wt.for
	CTT TTG CGG CAT CTG CTG TCA G
	WT:199bp, KO:113bp

	NHE3com.rev
	CAG AAA TGA AGA CCA GTG TCA GC
	

	NHE3mt.for
	GCA TGC TCC AGA CTG CCT TG
	

	PATcom.for
	CCA AAC ATA GGA GGC AAT CC
	WT: 300bp, KO:110bp

	PATwt.rev
	GGT ATC CTG TGC GTG AAT GGC TC
	

	PATmt.rev
	AAT TGA CCT GCA GGG GCC CTC G
	

	DRA.for
	GGC AAA ATG ATC GAA GCC ATA GGG
	WT: 234bp, KO:118bp

	DRA.rev
	GAT GGT CCA GGA ATG TCT TGT GAT GTC
	

	DRA.neo
	GGA AGT AGC CGT TAT TAG TGG AGA GG
	

	Car2wt.for
	GTG AGT TAC AGA GAC AGA AG                                                                 
	WT: 237bp

	Car2wt.rev
	GGA CTT TCT GAA GGA CTT G
	

	Car2mt.for
	GAT TGG ACC TGC CTC AT
	KO: 163bp

	Car2mt.rev
	TAC CTC CGG TAA ACT GTT C
	

	
	
	

	qRT-PCR
	
	

	DRA.for
	TTC CCC TCA ACA TCA CCA TCC
	110bp, NM_021353

	DRA.rev
	GTA AAA TCG TTC TGA GGC CCC
	

	NHE3.for
	AGG CCA CCA ACT ATG AAG AG
	110bp, NM_00108160

	NHE3.rev
	AGG GGA GAA CAC GGG ATT ATC
	

	Villin.for
	TCA TAC TCA AGA CTC CGT CC
	119bp, NM_009509

	Villin.rev
	TAC CAC TTG TTT CTC CGT CC
	

	RPS9.for
	AAG CAC ATC GAC TTC TCC C
	150bp, NM_029767.2

	RPS9.rev
	ACA ATC CTC CAG TTC AGC C 
	


Supplementary Table 1: Ionic compositions of the solutions used in the in vivo jejunal perfusate experiments (Figs 1-5).

	Solutions in Figure 1

	NaCl
	150 mM NaCl

	Cl--free
	150 mM Na-Gluconate

	Na+-free
	150mM NMDG-Cl

	Na+- and Cl--free
	150mM NMDG-Gluconic acid lacton

	Solutions in Figure 2 and 3

	NaCl
	150 mM NaCl

	CO2/HCO3-
	24mM NaHCO3 + 126 mM NaCl, gassed with 5%CO2+95%O2

	Basic solution
	150 mM NaCl

	Solutions in Figure 4

	NaCl
	150 mM NaCl

	Cl--free
	150 mM Na-Gluconate

	Cl--free + CO2/HCO3-
	24mM NaHCO3 + 126mM Na-Gluconate, gassed with 5%CO2+95%O2

	Solutions in Figure 5

	NaCl
	150 mM NaCl

	Na+-free
	150mM NMDG-HCl

	Na+-free + CO2/HCO3-
	126mM NMDG-HCl + 24 mMCholine bicarbonate, gassed with 5%CO2+95%O2


Supplementary Table 2: 
Blood gas analysis of PAT‑1 and NHE3 mice taken at the end of experiments

	
	PAT-1
	
	NHE3

	
	WT
	KO
	
	WT
	KO

	pH
	7.45±0.01
	7.46±0.01
	
	7.44(0.02
	7.45±0.02

	pCO2
	30.36±2.08
	25.33±0.67
	
	35.25(3.36
	25.00±1.81

	pO2 (mmHg)
	155.75±13.72
	220.50±2.86
	
	154.75(11.62
	180.75±10.48

	sO2 (%)
	98.88±0.25
	100.00±0.00
	
	98.75(0.41
	99.37±0.18

	HCO3-(mM)
	20.73±1.31
	19.67±0.88
	
	23.00(1.57
	17.37±1.08*

	ABE (mM)
	-1.73±1.05
	-1.67±1.20
	
	0.00(0.94
	-4.37±1.17**

	SBE (mM)
	-2.73±11.21
	-2.67±1.20
	
	-0.38(1.24
	-5.75±1.12**

	SBC (mM)
	22.82±0.92
	22.33±0.88
	
	24.38(0.82
	20.87±0.91*


Both WT and KO groups of PAT-1 and NHE3 mice were infused with the same carotid perfusion solution for correcting the systemic acidosis caused by anaesthesia. There is no significant difference between PAT-1 WT and PAT-1 KO groups during the experiments. Between NHE3 WT and NHE3 KO mice, there is no significant difference in pH, pCO2, pO2 and sO2, but different in [HCO3-], ABE, SBE and SBC. *p<0.05, **p<0.01, when compared with the WT group in same gene background.
Supplementary Table 3: 

Steady-state pHi in villous enterocytes in the presence and absence of CO2/HCO3-
	Mice
	CO2/HCO3-
	O2

	Wild type
	7.31±0.04
	7.43±0.06

	Slc26a6 -/-
	7.10±0.03  **
	7.20±0.02  **

	NHE3 -/-
	7.09±0.06  ***
	7.37±0.02    *

	NHE2 -/-
	6.96±0.13  ***
	7.40±0.06

	Slc26a3 -/-
	7.42±0.05    *
	7.50±0.03    *


Steady-state pHi was measured by incubating the microdissected BCECF-loaded villi for at least 30 min in the respective solution, mounting to the microscope stage and another 20-30 min equilibration in the respective solution, followed by calibration in solutions with a pH close to the expected pHi range (1). All experiments were performed in the presence of 10 mM glucose in the medium. *p<0.05, **p<0.01, ***p<0.001.
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Villous enterocyte steady state pHi in the presence and absence of glucose and CO2/HCO3-
Steady state pHi (long‑ term incubation in the respective solution) in the presence and absence of glucose and presence and absence of CO2/HCO3‑ also demonstrated a persistently lower pHi in CO2/HCO3‑ as compared to O2/Hepes, pHo 7.4. Glucose may lower pHi by various mechanisms, because it affects apical membrane potential via electrogenic Na+ glucose cotransport, resulting in depolarization. It also causes enterocyte volume increase and elicits a regulatory volume decrease, which includes the activation of anion channels that may be conductive to base equivalents (2, 3). Substantial nutrient-induced swelling has been shown to results in cell acidification (4). Cell swelling also inhibits NHE1 (5, 6). In addition. glucose utilization may lower pHi because of acidic metabolites accumulating in the cell. *p<0.05, **p<0.01, n=6.
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Switch from oxygenated saline to CO2/HCO3‑ buffered saline causes a persistent decrease in jejunal villous enterocyte pHi in vitro.
(A) pHi trace in WT enterocytes in the absence and presence of 10mM glucose in the perfusate, before and after a switch of the solution from a Hepes‑buffered 100%O2  gassed solution, pH 7.4 to a 5%CO2/95%O2 gassed, HCO3‑ containing solution pH 7.4. A rapid decrease in pHi is seen in the presence and absence of glucose, with partial recovery to a lower steady state pHi. Left panel: time course. Right panel: initial pHi‑decline in the absence and presence of glucose. (B)  Initial pHi‑decline after switch to CO2/HCO3‑ in PAT‑1 deficient and WT enterocytes. (D) Initial pHi‑decline in DRA‑deficient and WT enterocytes in the absence of glucose *p<0.05, n=3‑5.
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Villous enterocyte pHi in vivo during a switch of the perfusate from unbuffered saline, pH 7.4, to 5%CO2/HCO3-, pH 7.4

Intracellular pHi, assessed at three different levels along the villous axis, in SNARF‑1‑loaded villi of exteriorised, vascularly perfused jejunum of anaesthetised, acid/base controlled mice. 3 measurements were performed at 5 min intervals, then the solution was switched twice, to ensure thorough solution change, and another 3 measurements performed. A significant decrease of pHi was seen at all measured distances from the villus tip.
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