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Cadmium accumulation and adsorption of the rice mutant Osfc116 enhancing
saccharification and ethanol production
GAO Bing!, YU Junsheng', WEI Feng?, WANG Yanting', PENG Liangcai'-2, YU Hua!

(1. School of Life and Health Sciences, Hubei University of Technology, Wuhan 430068,China;2. College of
Plant Science & Technology, Huazhong Agricultural University, Wuhan 430070, China)
Abstract: The synergistic remediation of heavy metal pollution and the valorization of agricultural biomass
represent a significant research direction in the environmental and energy fields. Traditional phytoremediation is
often hampered by the decoupling of heavy metal accumulation from biomass utilization. A key breakthrough lies
in modulating plant physiological traits to establish a closed-loop "remediation-conversion-reuse" system. In this
study, we investigated the synergistic mechanisms of cadmium (Cd) accumulation, biomass conversion, and
residue adsorption in the rice mutant Osfc/16 under Cd stress. Results showed that, compared to the wild type
(WT), Osfcll16 possessed a significantly enhanced capacity for Cd accumulation, with Cd content in its seedlings
and mature straw increasing by 70% and 25.9%, respectively. This enhancement was attributed to the modulation
of cell wall components. Specifically, the pectin content in the cell walls of Osfc116 was elevated by 16.2%-33.4%
over WT. The enhanced deposition of uronic and de-esterified galacturonic acids increased the abundance of
negatively charged groups (carboxyl, hydroxyl), which greatly strengthened Cd?" binding and underpinned the
high Cd accumulation capacity. Concurrently, the lignocellulose of Osfcl16 exhibited significantly lower
crystallinity (Crl) and degree of polymerization (DP), which increased its biomass degradation efficiency by 49.1%
and concurrently boosted ethanol yield. During this process, approximately 88.9% of the Cd** in the straw was
released and recovered through pretreatment and enzymatic hydrolysis. Furthermore, the fermentation residue of
Osfcll16 served as an effective biosorbent for heavy metal Cd*, with its maximum adsorption capacity showing
a 31.0% increase over the WT residue, a feature linked to its abundant active functional groups and porous
structure. Therefore, this study establishes an integrated efficient Cd accumulation, facile biomass degradation,

and high-capacity residue adsorption pathway, providing a theoretical basis and practical strategy for the



synergistic utilization of phytoremediation and agricultural biomass valorization.
Keywords: rice straw; Cd accumulation; enzymatic hydrolysis; bioethanol; biosorbent
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Figure 1 Cd accumulation with lignocellulose tissues of rice mutant (Osfc/16) and WT
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Table 1 Cell wall composition of rice stem and seedling incubated with Cd



YU REL B (% DM)

Cell wall composition(% DM)
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T R R RORAN B A Z2 5 B (P <0.05) AR (P<0.01),
Note: * and ** indicate significant differences between treatments at P < 0.05 and P < 0.01, respectively.
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Figure 2 Enhanced pectin deposition with lignocellulose tissues of rice mutant (Osfc116) and WT supplied with
CdCl,.
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Figure 3 Uronic acids, hexoses and bioethanol yields obtained in rice mutant (Osfc116) and WT grown with
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Figure 4 Alteration of cellulose and hemicellulose features in rice mutant (Osfc/16) and WT grown with soil

pots supplied with 100 mg-Kg'! CdCl2 (+Cd).
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Figure 5 Correlation analysis of enzymatic hydrolysis.
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Table 2 The distribution of Cd in rice stem after enzymatic hydrolysis process. (n = 3)

RECd & Ll cd  CdRBIKEL]

1k B (g) Cd i (ug)  NaOH B (ug) HHE (ug) (%)
B (g)
Samples Dry weight Total Cd content (%) Residue Cd Supernatant Cd ~ Cd released
Residue weight
content content percentage
0 0.76+0.02 1.64+0.20 7.90+0.18 82.742.5
WT +Cd 1.00 9.55+0.19 0.5 0.44+0.05 1.42+0.16 8.13+0.15 85.1+1.2
1 0.24+0.03 1.23+0.18 8.31+0.10 87.0+1.8
0.79+0.07 1.88+0.12 10.14+0.18 84.3+0.8
Osfell6 +Cd 1.00 12.03+0.35 0.49+0.05 1.41+0.14 10.62+0.12 88.3+1.5
0.23+0.04 1.33+0.12 10.70+0.10 88.9+1.2
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Table 3 Parameters of Langmuir and Freundlich equations for adsorption of Cd on rice straw and residues.

LR W B BARS2Z/R Langmuir 3% K44 Freundlich
Biosorbent q,, (Mg g-l) b (L mg-l) R2 Kr n R2
Eb L wT 411 0.22 0.9311 092 211 0.8704
Raw Osfcl16 4,98 0.21 0.9022 1.08 2.08 0.8728
ey WT 5.15 1.40 0.9974 2.76 4.15 0.9719
Residues Osfcl116 6.73 0.97 0.9847 3.32 3.93 0.9560
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Figure 6 Comparison of the Cd*" adsorption capacities with biosorbents of the Osfc116 mutant sample under

e

various incubation conditions
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Figure 7 Flow Chart of cadmium stress promoting enzymatic hydrolysis, sugar, and alcohol production, and
cadmium adsorption in mutant rice
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