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Abstract of Thesis

In Chapter 1, acid sphingomyelinase (ASM) hydrolyzes sphingomyelin into phosphocholine and ceramide,
and its deficiency causes lipid buildup, particularly in Niemann-Pick disease (NPD). Xenpozyme®, the first FDA-
approved recombinant ASM for NPD type B, offers enzyme replacement therapy (ERT) but is costly, limiting
patient access. Plant-based systems offer an alternative for biopharmaceutical production with many advantages.
Nicotiana benthamiana has been successfully used to produce various therapeutic proteins and vaccines. This
study investigates the production of recombinant human ASM in N. benthamiana, aiming to address current
challenges in plant-based expression and purification and to advance a more accessible ERT for NPD type B.

Chapter 2 describes the production of recombinant human ASM in N. benthamiana using Agrobacterium—
mediated transient expression. Three different ASM constructs were tested: (1) a full-length ASM with its native
signal peptide, (2) a full-length ASM with a plant-derived extensin signal peptide (ExtSp), and (3) a truncated
ASM with ExtSp. Co-expression with the pl9 suppressor enhanced protein accumulation, and proteins were
extracted using the apoplastic wash fluid (AWF) method. Recombinant ASM showed substantial enzymatic
activity — 4.01 + 0.11 mU/mg total soluble protein (TSP) in whole leaf extracts and 7.64 + 0.49 mU/mg TSP in
apoplast fractions — compared with wild-type (1.49 + 0.05 mU/mg and 1.59 + 0.11 mU/mg TSP) and empty vector
(1.65 £ 0.02 mU/mg and 1.66 + 0.07 mU/mg TSP). This confirms N. benthamiana can successfully produce
functional recombinant ASM, highlighting its potential for research and therapeutic applications in the future.

Chapter 3 describes a simple, practical method to purify recombinant human ASM produced in V.
benthamiana. A two-step, tag-free process using AWF followed by Sulfopropyl-550C and DEAE Sepharose™
CL-6B ion exchange chromatography preserved enzyme activity while minimizing protein loss. After purification,
the ASM yield reached approximately 3.5 mg/kg of fresh leaf weight, with a 49.14% recovery rate and a 21.2-fold
purification enhancement. The purified enzyme exhibited a specific activity of 128.18 + 4.18 mU/mg, verifying
that the plant-derived ASM was functionally active. N-terminal amino acid analysis further confirmed the
identity and proper processing of the purified enzyme. Overall, the results highlight the potential of plant-based
systems for large-scale recombinant protein production.

Chapter 4 focuses on enhancing recombinant human ASM production in N. benthamiana through vector
and infiltration optimization. A minimized pBI121 vector (mpBI121), was developed by removing non-essential
bacterial sequences such as the Jac promoter/operator and tetR gene to reduce vector size and improve expression
efficiency. This modification increased GUS and ASM mRNA expression levels by 2.02- and 2.05-fold and boosted
GUS and ASM enzyme activities by 1.76- and 1.75-fold compared with the original pBI121. Testing eight infiltration
cases showed that co-expression with p19 and the addition of acetosyringone and ascorbic acid maximized ASM
expression. Under this optimized condition, ASM accumulated mainly in the apoplast with a specific activity of
545.56 + 4.28 nU/mg — about 2.9-fold higher than under standard conditions. Together, these results demonstrate
that vector minimization combined with infiltration buffer optimization significantly enhances recombinant
ASM yield in N. benthamiana.

Chapter 5 demonstrates the successful production and purification of functional human ASM in N. benthamiana,
highlighting plant-based systems as scalable alternatives to conventional platforms. Using a minimized
expression vector and optimized agroinfiltration conditions enhanced yield and enzyme activity, supporting the
potential of plant-made pharmaceuticals (PMP) for affordable ERT. Future work will focus on further enhancing
yields, scalability, and efficiency, positioning plant-based production as a cost-effective alternative for therapeutic

protein manufacturing and increased accessibility of biopharmaceuticals.
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B EORBRTIE, BERT 4TI F—BIZonTHlR, O THEYE AWM & 2 R B OEEOR
MAERSTNWD, BEAT 4 AIxYF—F8 (ASM) X, A7 4TIy raRARTY &8 T I RITHAK#E
T OBEHRTDH D, AMIFEMED KEKIINEE DERB LOL A HERE 25 S’ L, FFil=—~ > &y 7§ (Niemann-
Pick disease : NPD) |[ZBWTCHHE TH D, BEEMFHIE (enzyme replacement therapy : ERT) (& NPD B HUZxtd4 54
IRIRIIE L LTIHER SN TERY, FrA=—RA LR Z—FI8 (CHO) M8 TAE Sz b ASM ThHD
Xenpozyme® (4 U X —€ T/77) I, EHIEREENT DU OAGRIGEIE TH B, Xenpozyme®HS K [E £ 5 H i
B (FDA) ICXVRRENIZZ LiE, ZOFKDEBEOIBRIFICBIT A RE A L7eoz, L LA 6, Xenpozyme®ld
FEWITEAMITH Y BEDOWRET 7 B RAZBWTRERBHEL 2o TWH b LVKaX M THLIRET T v 1
T4 = LADBHENRD HILTWD, HHFEBLRIL, WA —F U T ¢ &b MERIKIGEDO U R 7 PRV &V S FR
EHL, S AEERLEEOFLRREFE L LTEAENTWS, TOHFTY, Nicotiana benthamiana (32E72/E
BLEW—\MERBEINELRT Z N0, FICARBIEEL LTSN TS, 207 Ty F74+—A13, Th
FETIELDIGFERZ VRV ERV 7 F U OAEEICHAESNTEY , Mz b b ASM OAEFEIZIB T E W ATRENED
bD, EITHRWFETIE, N benthamiana ZFBLT T » N7 4 —h & LTHW, AVEMMBLZ & b ASM OAEFE 2 fidt
L7, ARFSEIT. WIS L0, BREA AT DM 2 ASM DAEPEIZ 31T 2 BB & fiRuk L. Z ORERBENS & b+ 5 =
L2 &Y, NPD BHEUZ AV 72 ERT DBAFICET 5 Z L2 HINE LTV 5,

F2ETIE, 77y TV U ARENT 5 —mMERELRE AT, Nicotiana benthamiana WEWIIRIZI T HE b
ASM DAEFEIZ DWW TIRAR TN D, BRI, RTEMET JOBERERE O K@ b2 AR E LT, 3 FlifHD ASM DFEBI~ 2 &
—EFRE - LT D, BEMICHEEED AMIE, R’ T4 TR T FA_TTF REFT 548K ASM, phke
JAT U TFARTF R (ExtSp) ERlA L7cAR ASM, 72 HONT ExtSp ZflA Lo ZER ASM Th 5, & /3
VEERBANLESEL20, ZNH0 AM EEF% pl9 V7 Ly b —EETF L RER S, il 2 U HET
A7 T A MR (apoplastic wash fluid : AWF) JEICE D EIR LTV 5, MR CHRBL L 72fHH 2 ASM IZARFE Y ©
BERIEEZ R LT D, — T, BARME L Oy 4 —58 A LD TIE Z < BEWDIEE LRSS, 2h
TN AR 7 4 I 2 F—BICHRRTHHD LB X T D, Mz ASM OMEEEIGMEL, 2 c4.01 +
0.11 mU/mg RFVAEMEX VN7 & (TSP), 7ART T A Ml T 7.64 £ 0.49 mU/mg TSP &, AR JOVE~RT &
—EFY) CTRIIETZH O L g L CHEFIZR W RESE TS, RIFFRICE Y, N benthamiana HHEREN)724AHL %
ASM ZAEFERIRETH D 2 E R S, FERM e L OVBFICAICB T 2 A AMEEZHLMNZ LT3,

% 3 B Nicotiana benthamiana AR CHEELT-Z 77 ) —He MR 7 4o a3 ) F—E O {ENDEN
HI7R G FIE ORI OV TR R TN 5, BERIETE 2 R Lo DWERR M 2 iR L. & v 7 B R/ NRICI X 72




MR T 0 v A E LT 5 Z EBNENTH D, TDb, 477 U —kERIERS 2 3% 5 L, TR 2 Beficimz
HIETHEUNRIERRDY A7 Z AR L TWD, AWF & H5MEEE LT, Sulfopropyl-550C & Uf DEAE Sepharose™
CL-6B Z WA AL My m~ b7 T 7 4 —IZL 0 ASMERER L T 5, ZOFER, F% O ASM I RIS EREE
1 kg H720K 3.5 mg (23 L, BULRIL 49. 14%, KEREIX 2125 TH D, KRS IZBE#EIT 128.18 = 4. 18 mU/mg ©
FEIEMEZ R L, Fi EE 3R ASM DSHERERICTEME 2 RFF L TV D T E 2R LTV 5D, S BT, NRMmT I/ BRECSIET 2
£V HBRBREOR MBI OMY 27y VEHER L TWD, ZD OFERIE, MRBRS KB X & v
NRIBAEFEIZHE LT2T Ty T+ — A THDHILERLTNS,

% 4 T TIL, Nicotiana benthamiana FEMIRIZIS T B & v X7 BILEIR LD T2 O/INLIEBIAR T 2 — D% Et %k
RTNW5, FOD, X7 E—FFABIORT a7 40 —ya U EEOKEGEZBC T, N benthamiana 1Z
BT oAz € & ASM EREDM B2 MF LT\ 5, IFRERMERSITH D lac T nE—4— /F XL —FZ =B LT
tetRBIR T #BRET A Z & T, pBl121 X7 ¥ —Z% /L U7z mpBl121 ZAEBL L, X7 & —Y A XDffi/MZ L B 3B
ROM LEER> TS, ZOWEIZEY, GUS 38X T ASM O mRNA FEHREITENFH 2. 02 {5 LU0 2. 05 fZlc L,
FERTEME S TN EN L6 BRIV LI5 fFICm ELTW5, S 612, 8 FHDRBEIKSM A et L7ofE R, pl9 ok
FHEMZATTE M) I BROT AV VBERM UM T, ZbmEmy ASM BRAFLNTWD, Tk
WSAET T, ASMIZEICT R T T A MIEE L, HIEMEIT 545.56 + 4.28 pU/mg (T8 L, HEAESf: & il L TR 2.9
ML TS, ZNHDRERNG, _7 2 —/Nfk Lg% @@WLM%ﬁﬁAbﬁé & . N. benthamiana T
BT DM Z ASMINEAKIFIZH ET2 2 L 2R LTWD,

H5ETIE, AFROREL L ORELBRTNWD, KRR TIL, N benthamiana % JAVTHEHRE N ASM Z 4%
REMY 7t & U CAE I 2 2 LIS L, W RBRPERDOFBLT T v b7+ —AIZfkb D A7 —F T N7k
FETHDZLEZR LTS, BRI X —D/NMULB LT Vel 7 40 b —va U EEORELEIT) 2 &
T, RIS JOBERIEMEA M B L, A B REH S (plant-made pharmaceuticals : PMP) 728= 2 b Za R Fe ik
DEBRPHFLETHD Z LERBRLTND, S%IE, KREBISRM 2 o R BAEICT M REBRO I bR 5B %
M, 2 A NhFREMER LoD R L AFEZRON LE BT, BB L ORI L Sk T5 2 kv, s
fiff o 7o 2 & Ry AR FE IR T B I RO B I D D RFE ATRE /R 7 T b 7 — A & LT, TR X o8

I BRIE~DIGHIER & A AEFRG~OT 7 AWM LICERT 2 Z &8/ D,

LLED XS, Kislix, 727 ey 70y A — @B R % HWT, N benthamiana \Z XV | fA#fiz b Mg
PERT7 4TI Y F—EBOAEETHREMLL TND, VT, AEE L NERER T ¢ T I U F—EOfi{E)
DOEAMRBERFEOBRE L TS, X652, Nicotiana benthamiana FEMRICIIT D5 37 BINE R EDT-0H D

INIUVFEBAR Y 2 —DFkEH R LTV D, ZORCRIT, FEW 5 BLR OFBLES KOS RERNE 2 fcifb L. il e &1
RODFHERIEER T T v N7 4 — A& U CTHMNC KA/ Z & L X7 BAEFERIESIRIRA 2 v 37 BREICEIRT 5
ZEnHIrFSND

o TR LR E LClifEdH o b0 LB 5,




