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1. Proton-binding model equation

To evaluate the quantitative information of functional groups on the biosorbents, proton binding model can be applied to the experimental potentiometric titration results (1). For driving of proton binding model, the main functional groups like carboxyl, amine, phosphonate, and hydroxyl groups on the biomass were considered. The reaction of anionic or cationic functional groups in biomass with a proton and related equilibrium constant may be defined as follows:

Anionic groups                             (S1)
Cationic groups                             (S2)

where Bi and Bj indicate the anionic and cationic functional groups of materials, respectively. Ki and Kj are the equilibrium constant, related to reaction of proton and anionic and cationic functional groups of materials, respectively. 
The sum of the protonated and ionized functional groups is equal to the total concentration of the functional groups ([B]T). Based on the eq. S1 and eq. S2, the total concentration of functional groups and ionized functional groups can be driven as follows:
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Considering the electroneutrality conditions and mass balance of functional groups, proton binding model equation can be presented as follows:
                               (S7)
                (S8)

where [OH-]added is the concentration of added hydroxide ions (mmol/L), b represents the molar quantities of the functional groups on the biomass surface (mmol/g) and X is the biomass concentration (g/L), subscripts i and j indicate anionic and cationic functional groups, and M and N denote the number of anionic and cationic functional groups, respectively.



2. Reproducibility of buffering capacities from potentiometric titration data
	



Figure S1. The potentiometric titration results of C. glutamcum carried out at different initial pH

To validate the quality assurance of experimental method in the present study, potentiometric titration experiments using raw biomass (RB), C. glutamicum were carried out at different initial pH (pH 2 and pH 11). Fig. S1 present the obtained potentiometric titration results of RB. According to Fig. S1, the almost similar potentiometric titration curves of RB were recorded in both cases. To compare the pKa values and quantitative information of functional groups, 4 pk proton-binding model was applied to potentiometric titration results at different initial pH. The calculated parameters from 4 pK model were summarized in Table S1. The fitted curves by 4 pK model were almost similar. From Table S1, in the case of 4 pK model applied to potentiometric titration result for initial pH 11, the calculated pKa values and amount functional groups were recorded as 2.38 ± 0.11, 5.01 ± 0.06, 7.65 ± 0.13, and 11.91 ± 0.06, respectively and 2.27 ± 0.35, 0.73 ± 0.02, 0.31 ± 0.02, and 3.69 ± 0.37 mmol/g, respectively. Except the last functional group, these values were similar with obtained pKa values (pKa values: 2.20 ± 0.03, 4.93 ± 0.06, 7.21 ± 0.21, and 10.72 ± 0.13, respectively) and amounts of functional groups (2.40 ± 0.06, 0.74 ± 0.03, 0.26 ± 0.03, and 0.58 ± 0.06 mmol/g, respectively) obtained from potentiometric titration result for initial pH 2. The difference of quantitative information at last functional group might be due to the dependence of proton-binding model on the potentiometric data points. However, buffering capacities (BC) calculated from each pH ranges of carboxyl (pH 2 ~ 5 and pH 3 ~ 5) and amine (pH 8 ~ 10 and pH 8 ~ 11) groups showed similar values, regardless of initial pH condition. In the case of initial pH 2, BC values for carboxyl groups in range of pH 2 ~ 5 and pH 3 ~ 5 were calculated as 1.901 and 0.725 mmol/g, respectively. In addition, amine groups in range of pH 8 ~ 10 and pH 8 ~ 11 were 0.128 and 0.415 mmol/g, respectively. On the other hand, in the case of initial pH 11, the BCs of carboxyl and amine groups were estimated as 1.955 mmol/g (pH 2 ~ 5), 0.786 mmol/g (pH 3 ~5), 0.140 mmol/g (pH 8 ~ 10), and 0.50 mmol/g (pH 8 ~ 11), respectively. These acquired results suggest to validate the reproducibility of functional groups comparing method.

Table S1. Calculated parameters and buffering capacities of functional groups on the C. glutamicum from proton-binding model (4 pK model) applied to potentiometric titration results of C. glutamicum carried out at different initial pH (pH 2 and pH 11). 
	Initial pH
	
	2
	
	11

	Biomass concentration
	
	5
	
	5

	pK model
	
	4
	
	4

	parameters
	
	pK1
	
	2.20 (0.03)*
	
	2.38 (0.11)

	
	
	pK2
	
	4.93 (0.06)
	
	5.01 (0.06)

	
	
	pK3
	
	7.21 (0.21)
	
	7.65 (0.13)

	
	
	pK4
	
	10.72 (0.13)
	
	11.91 (0.06)

	
	
	b1
	
	2.40 (0.06)
	
	2.27 (0.35)

	
	
	b2
	
	0.74 (0.03)
	
	0.73 (0.02)

	
	
	b3
	
	0.26 (0.03)
	
	0.31 (0.02)

	
	
	b4
	
	0.58 (0.06)
	
	3.69 (0.37)

	Buffering capacity
	Carboxyl
	B.C.
(pH 2~5)
	
	1.901
	
	1.955

	
	
	B.C.
(pH 3~5)
	
	0.725
	
	0.786

	
	Amine
	B.C.
(pH 8~10)
	
	0.128
	
	0.140

	
	
	B.C.
(pH 8~11)
	
	0.415
	
	0.50

	*The numbers in parentheses of parameter table is standard errors obtained from proton-binding model
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