Mechanism of Nanocrystalline Cellulose Decrystallization during Enzymatic Hydrolysis
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Project Overview

This project involves using Nanocrystalline cellulose (NCC) to probe the
decrystallization mechanism of cellulose during enzymatic hydrolysis,
providing experimental evidence in the hope of contributing to the
fundamental understanding of the native cellulose deconstruction at
molecular level during biofuel production process.

00}
~

Intensity

¢ Characterization of NCC— dimensions and crystallinity

¢ Improved X-ray diffraction analysis—Crystallinity Index (CrI)

“* Enzymatic decrystallization of NCC—Enzyme-cellulose interaction

¢ Discussion on mechanism of NCC decrystallization at molecular level
during enzymatic hydrolysis
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Results and Discussion
Characterization of NCC
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NCC: particle size ~3-5 nm in width, ~200 nm in length
NCC degree of polymerization: 90-96

Improvement of X-ray diffraction analysis for Crl calculation
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Moon, R. J. et al. J. Chem Soc Rev 2011, 40,
3941-3994

Himmel, M. E et al. Science 2007, 315,804-7

Dimensions of cellulose nanocrystals from various sources

length Cross section

Cellulose type

Tunicate 100nm —several um 10-20 nm
Bacterial 100nm —several um 5-10 nm by 30-50 nm
Algal (Valonia) > 1000 nm 10 to 20 nm
Cotton 200-350 nm S nm
Wood 100-300 nm 3-5 nm diameter

Beck-Candanedo, S. et al. Biomacromolecules 2005, 6, 1048-1054
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Experimental Procedure

Cellulose to glucose Conversion (%)

50 -
40 40 1€
] N~
30 H
1 m Avjcel
20 - = BKP 20 1
- [ NGC1
107 { = NGC2
0 Wf RAC 0
Particle size analyzer AFM X’pert XRD 0 10 20 30 40 50 60 |
Hydrolysis time (hours) N 9
N\
Enzymatic decrystallization of NCenana
- 1 \ = b J
dSpac'ngM! 74-60 246111938 25 s o 8.6Trl (%$4-3
Samples NCCllrepeated|[84.70| 23.11 [ 18.90 [ 75.10[| 938 [ 852 | 852
(170) | (110) | (200) NC(@O4) |spED) 22.44103.33 (200p || (06A) | 8.63 | s0.1
llulose I-B (Nishi 0.58 | 0.53 | 039 PKB2g [5b08y 1493 o243 [AGA0ll .3y | 830 1gg 584
Cellulose |- (Nishiyama) Avicel—182-86 159313357 [ 76:00—7F-28—16:69 85-4—
NCC 0.58 0.53 0.39 0.26 | 402 | 515 | 558 | 4.01 | 75.1149.38
3C NMR Enzymatic hydrolysis 96-well microplate sugar
incubator measurement NCC after 96 hour hydrolysis 059 | 0.54 | 0.39 | 0.26 | 2.60 | 2.80 | 4.57 | 3.62 | 91.70+6.76

Al

|

{1\

\

A"

\

"Wﬂ"'

N )_ﬁ,ﬁ L
i \ ”ﬁf‘"'" "

‘Jnh;lm, | " Ilﬂ,.l,.a gL A L A LA A AR ) Sl Ll
au uis ik h Y i ) g Ui

"W\

Peak
Cellulose Wsl=Yelo]g1V0](81il0)0

33333333

Background
determination
\/
1,200 |),'9 30042

Raw data

refinement

Intensity

Enzymatic hydrolysis of Model Cellulose
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3C NMR of NCC

Proposed Mechanism of NCC decrystallization

Summary

** An improved X-ray diffraction (XRD) analysis was developed to
examine the crystalline structural changes of NCC during enzymatic

hydrolysis.

¢ Results showed that NCC was attacked from (110) and (110) plane
where there was a shift between layers that resulted to 2% elongation

along both directions.

¢ Proposed mechanism of decrystallization indicated a decreased size of
crystallite by chain opening structure instead of hydrogen bond

breakage.
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