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1. Other chemicals and instruments

A MW protein standard (3-color Prestained XL-Ladder, Apro Science, Tokushima, Japan) was used

as a MW marker. Solutions of 10% ammonium persulfate (APS; Kishida Chemical Co. Ltd., Osaka, Japan)

and NN,N ',N ' -tetramethylethylenediamine (TEMED; Acros Organics, Geel, Belgium), used for

acceleration of polymerization, were prepared at the time of use.

A thermostatted water bath (LTB-125, AS ONE, Osaka, Japan) and an incubator (MIR-252, SANYO

Electric, Osaka, Japan) were employed to control the temperature of the slab gels.

2. Results

Table S1. Characterization of humic acids employed in this study.!

Name  Origin of HA Elemental composition(%) 13C NMR carbon distribution (%) Acidic functional group (mmol/g)
Ash C H [¢] N carbonyl carboxyl aromatic aliphatic carboxyl phenol nggggsg_

PAHA Peat 1 56 5 39 1 4 16 56 24 8.04 3.84 0.77

DHA Forest soil 1 53 5 37 4 3 1" 33 30 8.07 3.16 6.05

IHA Volcanic ash soil 1 55 4 37 4 4 15 37 23 7.68 3.46 5.22

LHA Lignite 3 64 4 31 1 8 15 58 15 7.46 2.31 1.38

1) S. Lukman et al., Geochimica et Cosmochimica Acta, 2012, 88, 199-215.

S3



e e e e e e e e e e e e e e e e e e e e mm mm e e e e e e e e e e e e e e e e e mm e e e e e e e e e e e e e e e e e mm e e e e e e e

L wbiom Jenos|oly
uoljeljuaduod yYH pue sjusuodwod jusdsalonyj T

‘uol |ejaw jo sadA} ‘uoljeajuasuod uol |eyaw ‘uonnquisip MIN muvv
‘VYH jJo sJ9)owesed |el9AdS UddM}DQ UOoI}eId0SSY 3

D+ g+Vviesejeg 398 Bleg

-uonnquiasia vH

yBiam Jenos|oN i uoissiwg

Kdoosouyoads sIpA-AN

g

N o ;

: 22 @
g G'dwoom 8

) P .

wM . zdwoom W33 oo

S5

[ —— P
‘uonoel) yoes Ui
VH 4O UONIN|901}09|]

gpseeg Y Oweon i

:uonnquisig ‘dwo9n judosaion|4 }'dwoom

—_— e e e e e e e e e ———— -

Figure S1. Outline of our MICS-PAGE/metal-detection PAGE/UV-Vis/EEM-PARAFAC methodology.
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Figure S2. Electropherograms for HA separation PAGE (a) and metal-detection PAGE (b) for an ultrapure

water sample: (I) conventional PAGE without the MICS mode and (II) MICS-PAGE. Fe-L: fluorescence

bands of Fe**~FTC-ABDOTA complex, Cu-L: fluorescence bands of Cu>’~FTC-ABDOTA complex, L:

fluorescence bands of free FTC-ABDOTA.
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Figure S3. Core consistency as a function of the number of components in PARAFAC modeling.
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Figure S4. Results of the split-half analysis of our data sets. The split-half was performed by dividing the

complete data set into two subsets depending on the origin and addition of Cu?*; Data set A consist of

PAHA, Cu?"-DHA, Cu?"-IHA and LHA. Data set B consist of Cu?*-PAHA, DHA, IHA, and Cu?'-LHA.
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Figure S5. Typical MW distributions of Cu?" for each DHA, THA, and LHA without (left) or with added

Cu?* (right). (a) Electropherograms with fluorescence detection, (b) Cu?* distributions measured by metal-

detection PAGE, and (¢) HA distributions measured by UV-Vis spectroscopy. Sample: [HA] = 50 ppm,

[Cu?"] =0 or 4 uM, [Tris-HCI] = 60 mM, pH 7.4.
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Figure S6. EEM spectra of the five florescent components obtained by MICS-PAGE/EEM-PARAFAC.
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Figure S7. EEM spectrum of the 26" MW fraction of an IHA sample (a, left) and EEM spectrum obtained
by recombining the five PARAFAC components for this fraction (a, right), a residual EEM of the 28th
fraction of Cu?*-LHA using four-component PARAFAC model (b), and residual EEMs compared with
original EEMs for IHA (c). The residual EEM in (b) showed protein-like component was significantly

observed as residual error.
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Figure S8. EEM spectra for HAs and Cu?"-HA complexes for PAHA, DHA, THA, and LHA.
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Figure S9. Populations and abundances of the five fluorescent components in each MW fraction for DHA,

IHA, LHA, Cu**~-DHA, Cu**-IHA, and Cu**~LHA.
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