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Abstract of Thesis

The adsorption and separation of biologically relevant molecules are crucial in biotechnology, environmental

science, and pharmaceutical development, particularly for purification of peptides, drug intermediates, and
pollutants from complex mixtures. Efficient separation is essential not only for achieving analytical precision but
also for production of high-purity bioproducts used in therapeutic and diagnostic applications. Conventional
adsorbents and nanomaterials, while useful, often face challenges such as poor selectivity, mass transfer
resistance, and unsustainable synthesis. In contrast, monolith, characterized by hierarchical porous structures
and three-dimensional networks, offer low back pressure and tunable geometries that support efficient flow and
high loading capacity. Among various materials, cellulose stands out due to its abundance, renewability, and
environmental compatibility. Cellulose monoliths (CM) have been developed via thermally induced phase
separation (TIPS), achieving diverse porous architectures by tuning preparation conditions. Through functional
post-modification, these monoliths also demonstrate excellent adsorption performance. In this doctoral thesis,
cellulose-based monoliths were designed for the adsorption and separation of biologically relevant molecules.
These materials show great potential for application such as glycopeptide enrichment, shikimic acid (SA)
recovery, and phosphate adsorption.
In Chapter 1, a citric-acid-modified cellulose monolith (CCM) was prepared through a simple surface
functionalization with citric acid, aiming to develop porous materials suitable for use as a hydrophilic interaction
liquid chromatography (HILIC) stationary phase. The CCM exhibited a distinctive coral-like skeletal structure
with continuous pores and a rough surface, which facilitated high permeability of the mobile phase, and promoted
efficient mass transfer. This study presents a simple, eco-friendly, and effective method for glycopeptide
enrichment, and successfully achieving selective purification and concentration of glycopeptides even under
complex sample conditions, which is an important advancement in protein glycosylation research.

In Chapter 2, a molecularly imprinted cellulose monolith (MIPs-CM) was developed as an effective adsorbent
for selective separation of SA. By constructing a SA-specific imprinted adsorption layer using a boronic
acid-functionalized monomer and a molecular imprinting technique, the monolith exhibited significantly
enhanced selectivity toward SA. This study provides valuable insights into the development of highly selective
and reusable imprinted monoliths, offering a promising strategy for the efficient capture of natural SA and other
drug-related molecules in practical applications.

In Chapter 3, a titanium dioxide-cellulose monolith (TiO2-CM) was fabricated and applied for the removal of
phosphate ions. The incorporation of TiOz into the CM significantly enhanced its specific surface area owing to the
well-developed hierarchically porous structure. The TiO2-CM displayed excellent adsorption efficiency for
phosphate ions under continuous flow conditions. These findings demonstrate the promising potential of Ti02-CM
for phosphate removal in applications such as environmental pollution control and industrial wastewater
treatment.

This study demonstrates a versatile and sustainable strategy for tailoring cellulose-based monoliths through
surface functionalization and structural engineering to address diverse adsorption and separation requirements.
Each monolith exhibits distinct surface chemistry and hierarchical porosity, enabling high specificity, selectivity,
and adsorption efficiency toward target molecules. These findings underscore the potential of CM as customizable
platforms for applications in bioanalysis, pharmaceuticals, and environmental remediation. Future research
could continue to investigate the tunability of these systems across a broader range of analytes and assess their

scalability for industrial use.




7

A O R OB RO

K 4 ( WANG GUAN )
(k) K 4
+ & Hlz Fil i
Bl A& Btz W 2L
Bl A iz PEIE et
Bl A& Btz R HO
a2 Bl A& Hlz o
Bl A Bz F 7 HEE]
Bl A& Btz w R
Bl A Hiz el BEA
Bl A& Bz Ml fl—
Bl A& Bz AR
Bl A Bz REAS T
RXBEORRNER

AR SCE, AR - OWAE B L OB B W TRV EREZ BT 22l un—2ARE /7 U ADO%GH LA IICE
THMETH D, EFIL. BGSEMSEE (TIPS) 2HVWTHEENZAMEEZA T Lre—2F ) U2 (CM) %1E
RS OITFHREmAMKIEILT 52 LT, BIIDE U @B RIS & L COMEZ RBIL T\ 5,

FIE T, 7 = UBRIC R HREEMIC LV BUKMMEEEN 2 v~ 75 7 ¢ — (HILIC) EEE & LTHIHATEE
R UgEMitLa—2F 7 U X (CCM) 2B LTWS, CCMIT, Vv T ERmM R L EEA R L, mWn
TN & RN BB A FR L T D, SHIZ, MY TV UMb LZmE 7 27 Y G (1gG) &, FI1000f5 D
IFHERTF R (DUmiET VT IV) 2ETRARENDL, B SEHRICT Y a7 F FEER - BT 52
LITREI LTS, BHBRFE0.25 fmol pL ' &K< L 35FED 7 a7 F REIgGHEIL, S HIZAERREThb e
N AR B b 7Y 2T T R 2 8 7T RE CN-FEBIE AT ORIE bR L T d, 2O X HIZCCMIZZ Y =
A7 F REMEAHILICEEM & L TlD THRTH D,

F2E T, ERMARLOBEPHEETH L X IM (SA) OFERMRNEEZ BN E L, CMERRS A 7Y
VT a4 v T HEN A G DR TIREM R MIPs-CM) Z B LT 5, TIPSIEIZ L W BRI L 72CME M & L, Ar v
BIEHTIE /) ~v—Thd4-toVT oo RmaViE, 707 — Myt ThASADFETFCEAT D Z LT,
B—ioA 7V v NBEFR LTS, 56 7EMIPs-CMIE, EWWHEERE & UERBERB 2R L, RARER R
IFHEA TV bE ) ADKUFITEL TV D, ZORRIT, AN VB L SADcis-V A4 —/ & DEERIER. B X
ATV T 4TI X DWETEET A FOWMAEFG L TND I EE2X/HFLTND, I 5T, MIPs-CMIZS[EIOT i
HERER L 8S%DOWERER AR L. BN AHRAEZ TR LTV D, b ORERIZ, MIPs-CM3SAZ T U & Deis-
VA — UG B B0 oy OEEINEIRICA A TH D Z L E R LTV D,

IR T, RETOY VA A THRT 2R EREZ AR E LT, TIOZHF LESEL AT o8
2—2XE/ JA (Ti0:-CM) %#FAFK L TWD, CMOBEEEIZT X T T4 VT rRFy NERiREE 51—
TIAETTIOARE AT 2 2 & T, R 2 AT 5 LS AMGE 2 B OWEM PR LTV D, TiO-CMIT, s
PET CTHIRO RIS & S ORENRZ IR TR Y . U VR R IR K40.6 mg g 12 L, 10BIOWRLAEH% T
H60%LL EDOMEREZRFF T 270 &L BRI L BREDRE R L TV D,

LEDO X ST, Kwsix, e —2% 7 U AOREALTF L OS2 REIchilifld 52 2ok v, £S5
TROBREETH Y O @R INEI > D B gD B - W & EBLT L R FTRE R M BIRREHRRE 2 R L T D, BE /Y
AN G TATIES U2 B« SPRUME - WSR2 638 L, ZERBIEEURI O /0T, SR BAE . BRERIEE 72 & 24k 0y
HA~OIEHAREEELAE L T0D, Ko TRRUIH LR E LTUEEH Db D LR D,




