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Abstract

The purpose of this study was to isolate and purify
iImmunomodulating peptides from pepsin-isolated soy protein
hydrolysates (P-ISPH) and identified peptide sequence to investigate its
mechanisms of immunomodulation. At first, the effect of hydrolysis time
on immunomodulating activity of hydrolysate was investigated. The
result showed hydrolysis of isolated soy protein with pepsin for 4 h to
obtain hydrolysate (P-1ISPH4h) which had the highest phagocytosis
activity and the highest yield. Furthermore, the effect of fractionation of
P-1SPH4h with different molecular weight cut-off (MWCQO) membranes
on immunomodulating activity was studied. The P-ISPH4h was
sequentially fractionated by 30 kDa, 10 kDa and 1 kDa molecular weight
cut-off (MWCO) membrane, in which 1 kDa MWCO permeate (1P)
showed the most significant increase of phagocytosis activity as
compared with P-ISPH4h without causing excessive inflammation. To
further purified and enhanced the immunomodulating activity, 1P was
distinct by high performance liguid chromatography equipped with
reverse-phase column and in vivo immunomodulating activity of column
fractions was test in mice. The result showed column fraction 1 (F1)
could significantly enhance phagocytosis activity of mice spleen
macrophages and neutrophils. But increase of phagocytosis activity did
not result from inducing macrophages M1 or M2 polarization, and did not
have a suppression effect of pro-inflammatory cytokines induced from
LPS. The result indicated that F1 did not have anti-inflammatory activity,
but it had immunomodulating function through stimulating phagocytosis
activity of macrophages and neutrophils. Finally, the immunomodulating
peptide sequence from F1 was identified by LC-MS/MS. Peptide
fragment which have most positively charged amino acids was selected
and synthesized from five of the most credible peptide fragments. The
synthetic peptides will test in vivo immunomodulating activity in mice
and compare with F1 to understand the mechanisms of the
immunomodulating peptides.
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Fig. 1. Effect of dosage of hydrolysates obtaind from hydrolyzing ISP
with different enzymes for 6 hours on relative phagocytosis (%) in mouse
macrophage RAW264.7.Bar represent mean+SD, n=3.Mean with
different letters are significantly different (p<0.05) by Duncan’s multiple
range test
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B2 T4 80 g3t o A A F PR R A A A G TSR
PRI E AR A G 0 FPLE N Ry TR MO 2
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(A)

Membrane

Permeate

(B)

Feed

F- -~ (A)E2

Permeate

Permeate

(Huisman, 2000)
P Em % (B i

Fig. 2. (A)Dead-end filtration and (B)Cross-flow filtration
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B Fin BB R R Y 2L PR AR RS 2 ik (Sagle
& Freeman, 2004) -

poan R MRS ) R R A RS G R R

TS

(Microfiltration ; MF) ~ Az i& i (Ultrafiltration : UF) ~ 2 3 &k
(Nanofiltration ; NF) % i# ;% i% (Reverse osmosis ; RO) » & g ¥e3t /& %
FiEm Y& AcBl = P o MF e et 2 ) 5 100-1000 nm o A
BV MRS P R 2 REE S FIERS L 1-4 bar o UF i st
2% % 1-50 nm > ¥ i g 1,000-500,000 Dalton g 4f 2 3-v F - $ iF
B4 GG 2-6bare NF g dt 25 1nm 4™ > B - § @aga fid
R - R ERES T AR > 3 FR Y 9 5 15-25
bar - RO jg %34 £ -] * 0.5 nm > R AT e RS € AR
WP 0 FlR Btk Boid o AR IEAT TR A BB 0 9 5 30-60
bar(Cheryan, 2000b) - g %ot & ¥ &2 Zw 30 ¢ 550
(Plate-and-frame) ~ ¢ 3% (Tubular) ~ #5 3% (Spiral Wound) ~ ¢ 7 & %3¢
(Hollow fiber)(Blm ) e #ri2s S B¢ A H e B A58 > 2 75 723
Pl 2 e BN R ¥ g o RAR Y REREE
RN o iR AR R RGN A o BBV HEG - TG R R MR g
Rl R RAREE S R RS iR € BN T A R
P RO E TR ¢ 7 bk d Wikiv i E o P 2 A
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B= ~ 7 Ip gt is <

membrane

Size {(nm)

Example

Process

- 0.1

10000

Sodium chloride

Sucrose

Vitamin B,,

Pepsin
Ovalbumin

Immunoglobulin M

Latex emulsions

Bacteria

Blood cells

Starch

Reverse
0sSmosis

Nanofiltration

Ultrafiltration

Microfiltration

,J\

(Cheryan, 2000b)

287 b A

Fig. 3. Example of compounds of various sizes separated by different
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Permeste

Ceramic
Support

e =" Ceramic
NG e Membrane -
N Flaz iz i e A Feed
.-1\ - H
g [
Feed ",
% Fespsl Spaces Mesh o S een Retentate
Permeate
(1) i)
T T
o . -
- ., F
— N e
T e
- Y,
-~ Vi -~
e LV e
= o & — R P
W e
- l ‘\;\.-\_ v
e o
e g —
Haolliwy F Eeersd T
Capilares p— e
Tubes D et Pothing rmatenal
e

(c) ()

(Sagle & Freeman, 2004)
Ble ~eiices L R@FEE(D)E S C)HB(d)? 7 5 ast
Fig. 4. Schematic of (a) plate and frame (b) tubular (c) spiral wound and (d) hollow fiber modules
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- mRA BN e FERPEIT B RR RRLR D T Bt
B 0 iR B R CRE NN Rlm A 3T E A 8 & (Sagle &
Freeman, 2004) -
(=) R

iﬁﬂiﬁi@ﬁzﬁxff 1 f koK EJE (Holder et al., 2013; Kim et al., 2007)
% 7&Kk i 3E B2 (Cheng et al., 2013; Tsou et al., 2012) & #* & 2 ¢k A&
G541 ¢ v Ap g B (A=) RO L& ¥ A & Rk
PIBe N R e b 1o NE* 303K 4 B e 2 9 B o UF # 20 48 & 4
A~ /fs‘fﬁi i > MFE B %:“i?i‘}%-—i K,ért RFEp B gme ¥ (Luoetal.,
2013) - H ¢ UF >t @ &te 1 enig * 4pg 5 ¥ % 0 % 7 2 7 (Beutler,
2004) ~ jE4%i% i 4 (Peng etal., 2014) ~ 53 Gi 7 % 7 (Sousa &
MEatts, 2015) ~ 2 54 54 5o A #(Hk - 2018) % < i kA3 H 0 B
6 FEE R KRS SATRER A BT RABPRN > o F R R0 B
KfEP SRR A S A b Tt EE(Luoetal, 2013) e d-0 2 Km

W A fSH A v]’zé{‘ﬁ% §i 4% fe ) 5 - (Holder et al., 2013) ~ 2. &

A=

B0 K fRP SRR A B 4o Py s 4 2 S (Kim et al., 2007)
B kv KR ST A R g s 1 (Tsou et al., 2012) ~ A2 k-t 3
0K RS SRR A & A 1 (Cheng et al., 2013) % o

Tt A L PR KES Y B A IR E Mz R B A A

16



Fo— R G 1 E2 B
Table 1. Food industry applications of membrane technology

Dai,

RO{yPreconcentration of milk and whey prior to evaporation; bulk transport; specialty fluid milk products

MNF: Partial demineralization and concentration of whey

UF: Fractionation of milk for cheese manufacture:; fractionation of whey for whey protein concentrates; specialty fluid milk products
MF: Clarification of cheese whey: defatting and reducing microbial load of milk

ED: Demineralization of milk and whey

Fruits and vegetables

Juices: apple (UF.RO), apricot, citrus (MF, UF, RO, ED). cranberry, grape (UF, RO), kiwi, peach (UF, RO), pear, pineapple (MF, UF,
RO), tomato (RO)

Pigments: anthocyanins, betanins (UF, RO)

Wastewater: apple, pineapple, potato (UF, RQO)

Animal products

Gelatin: concentration and de-ashing (UF)

Eggs: concentration and reduction of glucose (UF, RO)
Animal by-products: blood, wastewater treatment (UF)

Beverages
MFE., UF: Wine, beer, vinegar — clarification
RO: Low-alcohol beer

Sugar refining
Beet and cane extracts, maple syrup. candy wastewaters — clarification (MF, UF), desalting (ED). preconcentration (RO}

Oiflseeds, cereals, legumes

Soybean processing: Protein concentrates and isolates (UF); protein hydrolysates (CMR): oil degumming and refining (UF, NF);
recovery of soy whey proteins (UF, RO); wastewater treatment (MF, UF, NF, RO)

Corn refining: Steepwater clarification and concentration (MF. UF, RO): light-middlings treatment: water recycle (RO); saccharification
of liquefied starch (CMR); purification of dextrose streams (MF, UF); fermentation of glucose to ethanol (CMR); downstream processing
of fermentation broths (MF, UF, NF, RO, ED, PV); wastewater treatment (MF. UF, NF, RO)

RO, reverse osmosis; NF, nanofiltration; UF, ultrafiltration; MF, microfiltration; ED, electrodialysis; CMR, continuous membrane
reactor; PV, pervaporation.

(Cheryan, 2000a)
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Rk A ALEe & 3 I MWCO 2o #5552 13 i 3N il g i i R

A B R KRS P RS B B R W LED

.0

Pt 2 REER A P ra it AL S BV E EEER o

T~ AEA ST me s S

ol ek BLenF i A R AOVEE AR BB R 0 A ML R kT A
5 £ % M4 g (Innate immunity) £ & = & s (Adaptive immunity) (]
I):
1.5 % 44z

AAPLREX FEE-BLR s TEIEIRRAT LG B
AR e AR R AR S AP ZEM 2 S UEpF. B
s 24 - A ZRPER e SN A R LG BRI R
Renfe® o 4 MU e ZRE > Mipfie® - f2E 2 0
(Complement) » &c & & % /&2 Bkl ok il % o 5117 #rd -
HER e E T ol ok s wge HApk Ik 2 ,.%p_f%zf e o g -
B3RP 2 R (T2 - P F R (F ¥ (phagocytosis) 1 B3 R A
B # LB e §- KFIF o d £ TR % mre B0
e~ dmPe R PRI TFF  B R PR LB A LA e

A A R A2 BB D e B LR R L



Innate immunity

@ infectious

L 2
& microbes
® [ )
epithelial Y SSTT ST
barriers Y0

monocyte

* @
complement

@ neutrophil

L J R

Adaptive immunity

B lymphocytes

-

e e

Memory B cell

) —

&

T lymphocytes

=
o

Plasma B cells wmmp

f Memory T cell
=4
I Effector T cell l-

|
C5a ~
dendritic
cells
Sec hours days

BlZ ~ A M ELEF B R
Fig. 5. Overview of human immune respons
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—/E_,,ﬁ Z - 'H_ET/”JJ}"%«_JF‘L};E 4 5 e (T ﬂiﬁ# L—}i 43( E[’J;‘F\)j}g@s&; 2

BF 3

¥

NN O R PN 1,%},%1%7 (Beutler, 2004; Luo et al.,

s
i
©
|

2013) -

Zf; X 'riguﬁ

—-\\

AREAER FE - AR BT ERE S Rk
R - EAFHARE T HARL R B BARARNABERLE
i o F LRSI R TIRR R S R R R R o
LEFRALAED Tw% 2 Bweiod FHT meieim T wed F 45
A2 (5B I RSO X AN T do % 452 F(T-cell receptor; TCR)
% TCR#f§224 & 3 dp % 1447 & H(Major histocompatibility
complex ; MHC).# & 223wk i § 2 2 % 4] £ % (Cell-mediated

immune) (€% > T Jmfz k#5072 5 T @ 2% 'm# (T helpercell) 2 T &

it

# fn 7z (T cytotoxic cell) o B fm¥z e # 8P > Hmre it £ 5 B &

2R T BB R EEB g & 1 5 el B w2 (Memory B
cell)fr fm ¥z (Plasma cell) - ,J\ e At B A MR LR
(Humoral immume)(Peng et al., 2014) -

(=)~ Evgimiz

E i in "z (Macrophage)d & p # &g:0H 3 (Monocyte) » it & % » &

i Eelmie ¢ £ 4 Fens i & LD e R ah Kupfer
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cells ~ 7 ¢ cralveolar macrophages ~ *& %2 *%£ ¢ cimicroglia 2 # g ¢

osteoclast % ¥% £_E # tw*% - fi(Sousa & M&tta, 2015) -

Evgim? p A2 ARY R F LR DES > R ydpd Hraie?
(phagocytosis)# » *t Kk Fufn 4o B {2 B AR E X 4p 5

’ 2

= 7

m}

i dmfE gy X A5 4 A v 48 (phagosome) b B F B v kY 2

\

%2 % s %8 (lysosome) & & ,%’ﬁ“zf PR R ES A E e U
MR e i fg - B A 2R MHC & F B A A LA &
% R & 3R e (Antigen-presenting cell ; APC) » APC it 43 #-4h &
MET wie 2 B i fxd 15 % 4% F &(Peng etal., 2014) -

Evfimi Ly kR Hm®e it B4 54 G 280 o

\“b

# % < %8 (mannose receptor) ~ 3  pE < #8(glucan receptor) ~ i * <
%8 (scaveager receptor) 2 Toll-like < %8 (Toll-like receptor; TLR) % (% = ) »
PO RPR B L P LG LA S BT P BEegime 2
s Fou (actin) g dmre F 28 K- € £ 3 (remodeling) 3% 0% &t
W T Ik MEFUR i 75 e (8 * (Schumann, 2015) -

2.Evgme M1 2 M2 »~ 3|

F v dm g\r'g)ggj_%‘rr}mmng,wﬁ G Bt e i RIRB
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Table 2. Macrophage surface receptors and recognized

pathogen-associated patterns

Receptor type

Recognized pathogen-associated pattemns

C-type lectin receptors (CIR)

Mannose receptor

Glucan receptor

Scavenger receptors (SR)

SR-A

SR-All

Toll-like receptors (TLR)

TLR-2

(heterodimer with either TLR-1 or TLR-5)
TLR-4

(homodimer in association with MD-2 and CD14)
TLR-5

(monomer)

Cell wall carbohydrates of bacterie. yeast, fungi
Mannose, N-acetylglucosamine, fucose

p-glucans

Modified lipoproteins, negatively charged molecules
Lipopolysaccharide (LPS) lipoteichoic acid (LTA)
Lipopolysaccharide (LPS) lipoteichoic acid (LTA)
Characteristic components of microorganisms
Lipopeptides/lipoproteins, glycolipids, zymosan
Lipoteichoic acid (LTA)

Lipopolysaccharide (LPS)

Flagellin

22
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2L > P wE e TR E ML 2 M2 8 4 A(F

(1).M1

M1 E riifmPz 4 & 5 i A i (Classical activated state) » ‘wPz % &
A 1v 2% (Cluster of differentiation ; CD)+¢ 4% % 3. CD68'/CD206" 17 fi
(Shono et al., 2013) » H & d 'w7”*5 % pE(Lipopolysaccharide ; LPS)
+ 3 2% y(Interferony ; IFN-y) ~ 3g4 8 $ 3k & 75 157+
(Granulocyte-macrophage colony stimulating factor ; GM-CSF) 2 *& % 3%
7+ %] a(tumor necrosis factor o ; TNF-0) & {13 F @ 4 it > M1 E v
dmre ¢ & = 3 Fcing { (Pro-inflammatory) fm¥e jr% 0 4 TNF-o
interleulin -1p (IL-1pB) ~ interleulin-6 (IL-6) ~ interleulin-12 (IL-12) % >
A2~ 7515 ¥ F(Reactive oxygen spices ; ROS) % &1+ § 4+
(Reactive nitrogen spices ; RNS) 2 A 875 2 48 L F gl B2 frin
i 4 0t ML i R hF s § B R A E 5§ s (Van
Ginderachter et al., 2006) -

(2).M2

M2 E wglim?e x FL3F 0% i A (Alternatively activated state) E ¥4 km
g 0 dmPz 4 % % 3L CD68'/CD206" 7 ik (Shono et al., 2013) » 4p & **

M1 fm#e chiigf it > M2 dmie 1 & 2o ey £ 4R M > Jo ek
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\ f.
\INOS ¢
\'~--x_‘__ __/MHC
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IL-12 high IL-1
IL-23 TNF
IL-10 low IL-6
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l

Th1 RESPONSES;
TYPE | INFLAMMATION; DTH;
KILLING OF INTRACELLULAR PATHOGENS
TUMOR RESISTANCE

7N

M2

IC +TLR/IL-1R
IL-4 and IL-13 ligands
TN T
S N / AN
s \\ rd .
|f N\ [ ™
\ FMHG 1 \
\ ) | )
'\’e_‘ig /MR \. ZMHC I
N~ ~——A,
Polyamine SRs D86
IL-10 high
IL-10 IL-12 low TNF
Decoy IL-1RII IL-1
IL-1ra IL-6
M2a M2b
Alternative Type Il

| l

Th2 RESPONSES;TYF’E I INFLAMMATION; Th2 ACTIVATION:
ALLERGY; KILLING AND IMMUNOREGULATION
ENCAPSULATION OF PARASITES

IL-10

f . SLAM

J

\u
|
A
K\“‘a.____ _____/’Ir MR
IL-1 N

TGF-B l

Matrix (versican,
PTX3,  antitrypsin)

M2c

Deactivated

l

IMMUNOREGULATION;
MATRIX DEPOSITION
AND TISSUE REMODELING

Th2 RESPONSES; ALLERGY; IMMUNOREGULATION; KILLING AND ENCAPSULATION OF PARASITES;

MATRIX DEPOSITION AND REMODELING; TUMOR PROMOTION

Ay A iR B H A R ER MBS G S

(Mantovani et al., 2004)

Fig. 6. Inducers and selected functional properties of different polarized macrophage populations
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TiE- A E M2 M2b 2 M2c Bz ki - 4 £ dpehd
FR > REF 7 Rangit 42 55 - M2a %’g@ interleukin-4 (I1L-4)
g g @ M2a fwfe & i 5 3(Polyamines) % interleukin-10 (IL-10) -
iTH-g ek i gF W e grF IFN-y~IL-6 2 TNF-o ch& 2 @ & 5 $3
Lenie 4 oM2b 7 & % i TLR 2 Fragment of constant region y receptor
I (FCRIN)» 2514 22 19G % & {4 M2b fw%e ¢ 41« £ e 1L-10 2 8% X
F]+:1L-6 ~ TNF-a ~ IL-1B > & % ) CD86 mPz % 7| » M2b it 1B38 o
F 4% F A S Qe T dere (Th2)g M2c « M2¢ #24c 3] 1L-10 ¢
flcts ¢ fdvee ot LF € @ 4 £ %5 (Transforming growth factor § ;
TGF-B)¢z 1L-10 FT 24 it > M1 ‘oz iy it 3 ¥ 538 b i3 4
(Mantovani et al., 2004) -
()~ ¢ MRk

B R ? TRY w IR ¢ 00 P 4 ape sk (Neutrophils) #ic g & 5 -
AR T Pt AP e 6-8h wd B LR LAY BRIk 4

AR BoPE s L ek > B X 4R ehimee 2 — (Borregaard,

—i

2010) - 2 A& A2 4 x & ¢ Mgkt > spkiwe & jx F]3 (Granulocyte
colony stimulating factor ; G-CSF)&_& 7> @ 4 L e s ¢ & 4 4§

it ¥]+ (Chemotactic factor) i%_iz © 43¢ k3% B & (Summers et al., 2010) -
ol Erginte -t BAERIRS BT HET ;gg; N R P
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BF P BBEEEYCECDRRPT X DAL VB <
1ROS £ RNS 1 883 L F o Bops 8 X g F chlm iz o 2 @ 437
ek LPS eF 57 4o B riim e SUR 0 A & EE AR TS S
%_i&](Tumor promoting agents) ;% & % (Lectins) % {2 4 % W F
J& (Sredni-Kenigsbuch et al., 2000)- & ¢t @ 433k 7 188 T 3 LNz
%”gr} g el 1% (Exocytic events)ff 1 72 p s = > (Bl =) » 4ofr 2
(Defensins) ~ i 7 f=(Lysozyme) ~ 5448 F-v (Lactoferrin) % fw 4 B aL
. ' 7] o P2 (Faurschou & Borregaard, 2003) -

()% %P

FHLE P ok XMLk LB WA & S AE opost v X 48 (Pattern
recognition receptors ; PRRs)z %] #h 3% TR 2 T B FaAp e & = 30
(Pathogen-associated molecular patterns ;. PAMPS) - @ *3 % f&
(Lipopolysaccharide ; LPS) " % PAMPs =~ #(Postel & Kemmerling,
2009; Takeuchi & Akira, 2010)°LPS % 1 fF = 141 jm ) *H el & &
B &4 = BIA e @ fElipid A~ core r4 2 O-specific chain(#]
A B9 lipidAAins £ 3 2 e core £.d X 10 B H 4
7k = ehgE 3 78 4 (Glycosidic part) » @ O-specific chain p] &4 - 1 ~
BEBEROEFL AL B G wFz £ E # B 2 (Caroff & Karibian,
2003) -
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Blood

Endothelium
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Membrane

Extracellular
Matrix

(Faurschou & Borregaard, 2003)

Bl= ~ ¥ MRk A Eg LE RBP e (B
Fig. 7. Exocytic events in the neutrophil-mediated inflammatory response
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\
Polysaccharide
Outer y
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(Caroff & Karibian, 2003)

DESNCRS 288 3
Fig. 8. Structure of lipopolysaccharide
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LPS B E vilimrz ¢ L F &3 sxergh M2 - > LPS § & u 2 ¥
LPS % & 3¢ (LPS binding protein ; LBS)#, 24 £ 48 > ¥ @1 F
rman?z CD14 % o X W ¥ #&# T myeloid differentiation
protein-2(MD-2)/TLR4 4f & ¥ » & fx#> myeloid differentiation factor
88(MyD88) dependent 2 MyD88 - independent pathways :d & i+ it
IxB kinase (IKK) pathway 3 3z % ## 4% 5] 5 NF-xB /5 i* » 538 88 X fw
Pz grd IL-6~ IL-8 0 IL-12 ~ IL-23 £ A %1 & 3 I wPe % (Gyorfy
etal., 2013) » ¥ ¥ % & induced NOS(INOS):HiA 14 2 & # — § * §
(NO)( B4 ) e > £ LPS ¥ fligcdh st & Sfad ppiimier » v § e
LPS 5 & R A% > &L WpF KA 2 B # (High fever) » w peii 5
H4v~m g o (Intravascular coagulation) ~ 'k 3 42 ik 5. (Septic shock)
M IR S § o % #B(Caroff & Karibian, 2003) -

(I)~-% "%

— § 1 % (Nitric oxide ; NO)&_& & ehim¥e N % fmiz ¥ B 4 F » 422
o B A S LR EARF Y P ARSI AR AR v E-
PR p ) A(NOW)T (7 % mIifz e chimse 3 A > £ 8 £ g ¥
F ¢ €~ & A 2 (Bogdan, 2001; Moncada & Higgs, 1991) - NO #_{%
JES ST R BB e T REEFE R H AA R
Wp hg S B gEd LA ek (L-arginine)#r § 4 = 1% NADPH i+
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TIRAP

NF-xB

v

Inflammatory Type | interferon
cylokines

(Gyorfy et al., 2013)

B4 ~ BErfiwre ¥ LPS 2 2 4 @i je
Fig. 9. Lipopolysaccharide induced signaling pathway in macrophage
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ECs

Lf@ﬁ v dd &= g b g iy LR sepg (L-citrulline) £2
NO(Mayer & Hemmens, 1997)(B] ) > » NO Afp hs 2 2 £ 55
NO & = p=(Nitric oxide synthases ; NOS) =i it » p w ¢ &+ NOS 3 =
Fupal > ¢ 42 A 3] NOS(Endothelial NOS ; eNOS) ~ 3£ 7]
NOS(Induced NOS ; iNOS) % #! 4] NOS(Neuronal NOS ;
nNOS)(Alderton et al., 2001) » £ ¢ eNOS 4= nNOS /7t 2 = 4]
NOS(Constitutive NOS) &_7 %7 % L34 & w2 (Resting cell) » X 4T 3
+ 2242 % (Calmodulin)i i 2 4 kR NO @A &1 F 4 125 5t o
INOS R 7 73 & L lwe ¥ @ B 3 A& e E vilim?e ~ B 238
v+ tm®2 (Mast cells) ~ p & sn*2 (Endothelium) ~ & i » ! #z (Smooth
muscle cells) % > § izt e X | 8 w8 2 4o IL-1B ~ TNF-a ~
+ # % y(Interferon-y ; IFN-y)2 o F A f 4o LPS {jxpr { ¢ 22 < &
I NO(Rl -+ - )31 4= L & e R (Aktan, 2004) - % i NP A
NO » %22 & %ol Al i (Atherosclerosis) ~ # b /& i & % (Rheumatoid
arthritis) ~ #& 7 (Diabetes) ~ k4 4 i 5 (Septic shock) % %32 & J&
(Buttery et al., 1994; Hubbard & Giardina, 2000; Luoma et al., 1998) » #]

i E NO i §letimre A & 4 1255 55%@‘*“}}%}‘—?"2‘ B P ¥ amre &

IEELE
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H,N  NH,* H,N  N-OH HN O

NH NADPH 1/2 NADPH
- _
02
Nitric oxide
H,*N  COO- H,*N COO- H,*N  COO-
L-Arginine N"-hydroxy-L-arginine L-Citrulline
(Aktan, 2004)
B+~ £+ pefEd L-arginine £ & NO 2 & Ji5

Fig. 10. The reaction of NO synthesis from L-arginine
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=y

4 ™ .
| CD14 IL-1B R IFN-Y R |

— - -
N // (Jak-1) (Jak-2 )
\ / staft )
y STATI1-P
IKK
/—\' STATI-P
NF-«xBAxB
P
NF-«B/IxB -
phosphorylation (STATI1-P)2
‘ ubiquitination

P
NF-xB/IkB”
N [Ubln
ldegradation of IxB

NF-«B

: .

iINOS gene expression —«————— [RF-1

(Aktan, 2004)
Bl - ~INOS A& Fl& Reni@ it o
Fig. 11. Signaling pathway of iNOS gene expression
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’

R
-

\

~m LESE l’i—l—_t

TP B - R L e ko E (cytokines)end-o BT

—

B dmE gk B AR R en

v T
1 ;\1 T3 iT%
(synergistic) ~ #=F#u(antagonistic) & 7 %

e E B
Beng

(Stenken & Poschenrieder, 2015)

ARG AR B e g5 R AP B 2w e IL-6 ~ 1L-10
TP T AR
1.1L-6

IL-6 5 28 kDa &9 3=v

LERRN S e T3 sl 53

d Tim% ~Bime ~ H 43k - B o
b e s S b B 5 fhlw
Kutikhin, 2015) » IL-6 =z %] & 3R

‘:_Ii m

4 (Yuzhalin &
Hd F 3% (IFN) ~ "85

(TNF) ~ IL-1 2 ‘w5 LPS % 73 # 0% £ 5 Bo%i¢ - IL-6

v F]F
654 4
b gt 4 OB ES A T mre Th2 ~ ThI7 s 1 0 S et 1 ok 22 4
REFRMLER BY S A
e i |

18 #-¢ (Acute phase proteins)*+ i+
(LN R fmr dENF]F 0o m IL-6 1T G
TR

= 34 | (Maturing agent)
T mEe A Fime s ¥tk B e o i LB
e 5

7]g N LS

(Neurath & Finotto, 2011)

<
—
A

7] IL-6
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2.1L-10

% 1990 & > IL-10 A& Tim R. Mossman #74f e 5 B Fj 974 3
X vV U ERS S fAme R Ao IL-2 2 IFN-y thA 2 5 5 i
farcs IL-10 A4 §E 5 %2 jjrd & = Fr4] F]5 (Cytokine synthesis
inhibitory factor)(Fiorentino et al., 1989) - IL-10 =i & ka4 ¥ {53k 2
Evgim® > 2V s BFREEAEASTA T % (T regulatory cells ; T
reg)(Vieira et al., 2004) ~ Thl m?z (O'Garra & Vieira, 2007) ~ B m?z
(Pistoia, 1997) 2 #t% ‘w2 ( Dendritic cells ; DCs) (Corinti et al., 2001)
FolL-10 e A 2 ¢ & DCs~ Treg mfe frE v iw?e o |L-10
B4 s imre T3 o004 T B B X g eE IL-151L-25IL-6~L-8
IL-12 ~ IFN-y 2 TNF-y(Asadullah et al., 2003) » #r#] DCs ~ E v
2 H LRy k&R0 5 (Romagnani, 1995) #r4 T so %z 3 78 (Tang et
al., 2012) 12 2 fgcp PR B+ e (NK cell; NK) e 78 22 3 4o fm e £ |4
(Mocellin et al., 2004)> d ¢t ¥ & 1L-10 & 5 £ £ 3 & % figf L g
s i ATE PR AR Y Rk AR IL-10 e R prdla 4 A

F_fe %t NF-xB % & 7] DNA 4a7 33z (Clarke et al., 1998) -

35



v WS
-~ Rk
(=) kizy WA
3~ & F-v (Isolated soy protein; ISP)NEW Soy 88 » ptp -
A ¥R > 3 L2 & (Taipei, Taiwan) < Pepsin from porcine gastric
mucosa Ftp Sigma (St.Louis, MO, USA) - Sodium phosphate
monobasic monohydrate (NaH,PO, « H,O)p g J. T.Baker (USA) -
Hydrochloric acid (HCI)p#-p B 1 it & g ik i» 5 FL o &
(Hsinchu, Taiwan) -
(Z) R~ A
A2k k¢ Fu(Ultrafiltration membrane reactor system) g
WA A e PR i 5 "2 @ (Taipei, Taiwan) - # ;¢ %-(Spiral-wound
membrane) » + & *2 i (molecular weight cut-off ; MWCO) 4 %] %
30 ~ 10 # 1 kDa (kilo dalton)e£ g Osmonics Inc. (MN,USA) -
() @i
#4n K& 47 ¢ 4L InertSustain® C18 10 x 250 mm pp GL
Scinces Inc. (Japan) - HP 1100 series quaternary pump ~ variable

wavelength detector F£p Waldbromm (Germany) o

36



()~ kSR
Sodium tetraborate (NaB4O; + H,0) ~ Sodium dodecyl sulphate
(SDS) ~ o-phthaldehyde (OPA) ~ B-Mercaptoethanol ~ Leu-Gly % p&
p Sigma (St.Louis, MO, USA) -
()~ TCA® A1+ § Bl T
Trichloroacetic acid (TCA,C,HCI;0,) ~ Methyl red ~ Brogresol
green ~ Sodium hydroxide (NaOH)pi-p Sigma - Boric acid (H;BO3)
Pt p SHOWA (Japan) < 3 1* 4z ( 7 Potassium sulfate (K,SO,) %
Cooper sulfate (CuSO,))ftp & & 45 P RE LA F A2 &
(Taipei, Taiwan) - Hydrochloric acid (HCI)# Sulfuric acid (H,SO,4)#-
BB Y B O 3 " @ (Hsinchu, Taiwan)
(3)~ 25 B4R
48 & 47 ¥ 1= Superdex"Peptide 10/300 GL ~ -5 GE
Healthcare (Sweden) - Acetonitrile ~ Sodium phosphate monobasic
monohydrate (NaH,PO, « H,O)ft-p J.T Baker (USA) - Sodium
chloride (NaCl) ~ #& # & Cytochrome C ~ Aprotinin ~ Vitamin B12 -
Glycine-Glycine-Glycine pp Sigma (St.Louis, MO, USA) -
(=)~ HES e %
| B E eiime RAW264.7 (BCRC 60001)p-f & 51 %% E &
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% #7(Hsinchu,Taiwan) - Dulbecco’s Modified Eagle Medium
(DMEM)ptp Gibco (USA)- L-glutamine~ Charcoal/dextran treated
fetal bovin serum (FBS)#p Biological Industries (Kibbutz,Israle) -
Sodium carbonate (NaHCO3)#p Sigma (St.Louis, MO, USA) -
(™ )imPe 03 7% 5 R
Potassium chloride (KCI) ~ Potassium dihydrogen phosphate
(KH,PO,) ~ Sodium carbonate (NaHCO3) ~ Sodium chloride (NaCl) ~
Sodium hydrogen phosphate (Na,HPOy) -
(3-,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) ~
Dimethyl sulfoxide (DMSO)E£ g Sigma (St.Louis,USA) -
(L)~ - F 52 +ERT
Dulbecco’s Modified Eagle Medium (DMEM)pEp Gibco (USA) -

Sodium nitrite (NaNO;) ~ Griess reagent ~ Lipopolysaccharide (LPS)

pEp Sigma (St.Louis,USA) -
()~ Jm¥e BB R 2
DMEM-LB broth p& i Becton, Dickinson and Company (USA)~

Agar £ p HiMedia Lab (India) - Glycerol ~ pEGFP BL 21 E.coli

Ftp USB Corporation (USA) - Lipopolysaccharide (LPS) ~
Trypanblue solution (0.4 %)~ Citric acid monohydrate ~ Sodium citrate
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tribasic dihydrate~Sodium chloride (NaCl)Fp Sigma (St.Louis, MO,
USA) -
(- ) fmre jEd R T
mouse interleukin-6 (IL-6) ~ mouse interleukin-10 (IL-10) ELISA
kit B p R&D System (Minneapolis, USA) - Tween-20 ~ Sulfuric acid
PP BRI B FOK 3 "2 @ (Hsinchu, Taiwan) e
(=)~ ] BB e 5 ek A iR
B6 -] &P p ) mdedF 2 ¢ < (Taipei, Taiwan) - RPMI 1640
medium B g HyClone (USA)  Trypanblue solution (0.4 %) ~ Citric
acid monohydrate ~ Sodium citrate tribasic dihydrate ~Sodium chloride
(NaCl)pp Sigma (St.Louis,USA) -
(+ =)~ MLM2 Ewimee & A 4 47
PE-anti-mouse CD68 ~ PE/Cy5-anti-mouse CD197 ~ FITC
anti-mouse CD206 ## p Biolegend (San Diego,USA) - Sodium azide
(NaN3)#p USB Corporation (OH,USA) -
- NP
(-) F®indz
AR ERALE R G ZIFEREF o B - PR A7 ISP & kR
Bt o o eTE KRS A WK EREFRF 005124 6h B
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BATK R 2 KR S A F 0 XA e B SR FE K R $ B

Isolated Soy Protein(ISP)

Pepsin-ISP hydrolysate
(P-ISPHO~05~1-2~4-6h)

In vitro
Degree of : . .
Yield immunomodulating
hydrolysate activity
|
| | |
Relative NO
hagocytosis iabili
phago yt Cell viability oroduction
activity

Bl = ~ % - FFEf i A2 R

Fig. 12. Experimental flow chart for the first stage
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Ke LA

HANOAXE 2w 3EFEALADBEWN2ZHT Pk i
ENEAEDE W IR EFB2IEEE-F0 FREP o R
Pl B LB a8 2 S E F Rt E -y TR &2 R A
F+ & MWCO T & 4Bl = » F ¥ Kfidd SiBRMA s A 18 i -
HRAHELB DGO P FHREAITE BRSSPI 2 AT
ELF T RERERA PP OIS E LS f@_&\#%[ﬁa H Aokfz

EC IR LIRSS OB - RUREE RN LR B PAR ) RIS A OF S e S ed

&

PRFEGEENER LG AR SBEEL RER AP MR
BEZ B o H D ERE LA EAG B RIER A T BT
RAREFTAcRl e TR R RA P EF ) AP TR A FTRE
FEAmPE P MR e B O dnte 2. B rEEMR S RRROR T dmre B4 B
PR AL REARABREH AT RELABEH N FHEAS

PIRBFIET R LA LT B 4

¥
(7
Bl
4

(=) kjiztWa
Aot 0.2 M Bifie % b7k » 33 B pH & X Pepsin #if pH &:2.0
e x 25 % (WIV)ISP 1 % JE4E B 4 AR & o R R ki 3 AR
B % 37 Cié4e » Pepsin (E:S = 1:100) & & ]3> Kk f2pF & 0-0.5 »

122~4~6hP 2 4 ¥ SR ks 15 min 33 2 75 1
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P-1SPH

Filter by ultrafiltration membranes

(30 kDa ~ 10 kDa ~ 1 kDa MWCO membrane)
|

| | 1
Molecular In vitro
Recovery weight immunomoulating
distribution actilvity
| | | |
Relative Cell NO Cytokine
phagocytosis viability production production
activity

Bl =~ %2 I3 kAL R

Fig. 13. Experimental flow chart for the second stage
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Immunomodulating fraction from
ultrafiltration membrane

Fractionating by
reverse HPLC

In vitro and in vivo
immunomodulating

actilvity
| | | |
Phagocytosis M1/M2 Cytokine Identification of
activity polarization production peptide
sequence

1 Rl = R - S )|

Fig. 14. Experimental flow chart for the third stage
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BN ki 0-20 C o IR #3020 TR T %R
#* o
(Z)~kfEFpl

# % %+ Nielsen % 4 (2001) » f#% |+ (pH9.0) % B & 3
B-mercaptoethanol (7 #=f% 2 ; HS-R;) % %™ » o-phthaldehyde (OPA)
€8 o B~ s PR Rl Y a-MR K (HoN-Ry) < & > 25 = 3% 340
nm 2§ Ex k@2 fmd PR T) e A d R R ot RA R A
T g LAt R TR AR § A R AR AR -

A e gL

Solution A : 3.814 g sodium tetraborate (NaB,O7- H,O) 2 = =x &
k&3 100mL

Solution B': 20 g sodium dodecyl sulfate (SDS) 4 = =t 2 #+ -k

Solution C:20 mg OPA 12 7 iz ¥ E 3 0.5mL -

Solution D : 50 ul B-mercaptoethyanol -

F i 0 12.5 mL Solution A+1.25 mL Solution B+0.5 mL
Solution C+50 pl Solution D » ™= =t g+ -k 2 & 1 25 mL (£

3R & B TARS HgP oo
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* HS-R.I SI—R1

CHO c
+H, N-R N-R )
2 2 2 + Hzo
CHO N

CH
(Nielsen et al., 2001)

RN S cEF ISR 2

Fig. 15. Reaction of degree of hydrolysis determination
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RIE 50

Poif AR 1S 2ok iR 50 plde » I mLF fiE Al Y 15 R &

re

R R e 2min {8 roa ks BRI E 340nm T 2wk kg

d fErers(Leu-Gly) & 08 Sl (e B 46 £ 0 80 35 5 K f2# o

vl ez £ &% ~ -k & & (degree of hydrolysis ; DH)z+ & =3¢ o
DH & o3¢
Hsample
DH(%) = ———— x 100% (1)
H¢otal

Hsample e *‘t ks p"

ST 5 oY% Ak & (mmole/mL) o

Hiotal & T & 30 3RS H(ISP 2 a-"%248 5 £

£ 7.8 meq a-=

H/g % 12 ISP & #0) o

(z) TCA¥ B hjs% Rl T
= % ¢ p&(Trichloroacetic acid; TCA)¥ # + & & F-v 200k »

Aol T 2 VEERE MRA TR g AT o Bl I TCA ok 3 gk

fEp P xS Fd Fie v U b Ty 2R kRSP

A F IR

%okt TCAT LG F 2 4

|l
St
1;:

A F P23 5mL 54 » 920 %(W/V)TCA /2

MY
RIS R

# % 15min fs '//},E‘Q—i “,/f/ﬁﬁbt»f” > b ‘} R AT /)J 'L BN Ae A /)J v 4z

% 10 mL Sulfuric acid (H,SOy) » 4 4c £ 4e 402 400 CF B 2h - &

L Eris e » 75 mL = =x & #+ -k 2 40 mL Sodium hydroxide (NaOH) -
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M v B BT FAER T BT Z4F B 5min> &2 7§ Bromocresol
green ~ Methyl red 45 7+ #|(MR-BG) 2. 4 %(w/v) Boric acid(H;BO3) 65

mL ¥ 5 #47i% - & &% & & 2 0.1 N Hydrochloric acid (HCI)j¥ #4%

Yield (N mgimL) = —oiVDXCX14 @
e ( mg/m )_ Sample volume(mL)

V1 &iF <% (mL) -

V2:z e &g & (mL) -
C:HCleE R (0.INX 4 @) -

S

14: 5 R+ a1~

|l

() T A

T A KRS AT 2EF Bk BLAeBl L o o B R A RIS R
* 72 & 3 £ *2ie (Molecular weight cut-off ; MWCO) 2. jjg "5 K & 4~
BT o BoRfRP BN E Y ,‘fgc} if e &7 Bk iz ix
F o AR R A RO DERT o KR g T F R
e g AENEASRRIER ) > g FAET v RER KRS
¢ R LR MWCO 2 1 FA i iR 0 ) % g ik (permeate) > <
IRMEMWCO 2 4 H R &% EipiEn v I E B S E RT R
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il Iy ="

i W 2

r"’: Ilq,_ g

| |: z

a w2

Reaction ! E
vessel g_
=

=

~

» e %, 4L
Bl = ~ R R kAL

Fig. 16. Membrane reactor system
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(retentate) o & =% F % & * 2_ g3t js 4 W 5 30kDa~ 10 kDa 2 1 kDa
MWCO - 5 A Bk 25 12 30 kDa MWCO g %% 4 ¥ 1% 30 kDa
retentate 2 30 kDa permeate; + ¥ #-30 kDa permeate 2 10 kDa MWCO
e " 4 7 17 10 kDa retentate 2 10 kDa permeate ; # #- 10 kDa
permeate 2 1 kDa MWCO /g% % 4 ¥ 1 1 kDa retentate 2 1 kDa
permeate(®] -+ = ) -
(F) A3 EAFRIT

KRS B e A e 5 & A AR & 17 (Size
exclusion chromatography,SEC) ¢ t1fiz & % 2%t iz 4p & 47 & (high
performance liquid chromatography ;: HPLC):& {7 4 47 o # RIZ 2 ¢ 41

PHLEF MR g RSS2

B A ke Flpt T AL 2 e+ 2 AR 2 TR A e &
2+ A F§EF o F % %4 Chiang ¥ 4 (1999)2 = 2 » B2 4p 5
Superdex ™ Peptide 10/300 GL » # #4p 5 % 0.25 M NaCl 2 0.02 M
Na,HPO, z_ phosphate buffer (pH7.2) - # &% 0.2 pum filter & g fs » /1
520 ul & HPLC & stig {7 & 47 » i 5 0.5 mL/min > sk & 3% 2
% 214 nm > * 12 Cytochrome C (12,327 Da) ~ Aprotinin (6,512 Da) ~

Vitamin B12 (1,855 Da) ~ Gly-Gly-Gly (189 Da) ~ Glycine (75 Da) i* 2
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P-ISPH

30 kDa MWCO membrane

I
I I
30kDa 30kDa

Retentate Permeate
10 kDa MWCO membrane

I
10kDa 10kDa

Retentate Permeate
| I ] 1 kDa MWCO membrane
1kDa 1kDa
Retentate Permeate

BlL = ~ 2 2A3F0 5 30 frkizde (P-ISPH)2 i % A B

Fig. 17. Fraction chart of Pepsin-isolated soy protein hydrolysate
(P-ISPH)
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AR S® Y 2 KB w2tk 5 RAW264.7 - ‘w2 32 % »> DMEM
£ & A& (7 10%*:2 & 3 (FBS)~1.6 g/L NaHCO3 2 2 mM L-Glutamine) -
5% C0O,~37 Cigit ™% »48 3 T2h s { #HITE A ANEF S
Rk F o2 A BAZB 00 s PR T £ ATIER -

1.5 0% % 3
ﬁ@%éﬂ%%m%&ﬁikﬁﬁﬁ,%%%ﬁﬁ%,h»%%
& AR R R e R e B 2 50 mL 3 e F 182 200X g
4 CigitTams 5mins 2 ‘5 RS B RINmRe AR 0 R F
ber1mL 2 10%DMSO 2 % A fFamiek 3 REHF i8R
Wk R o ACH FE Smins 3 x4 2-20 CiF g 20 min- £ 4 3 -80
CAXL2hisH IR E P} g
2.9 f2 %

Mg dmre 2 PU E A R F 0 120 37 Cokip Imin f2i
B¥meiihr 2 B2A210cmMBERc P 323 RE-EZ5%
CO,~37 CEER A » 324 24hts {45124 4
3. im e ik

P ERR AL RGNS EF O MR EAB G b AR
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% AR E-im e P R RAE 0 Mlmre iR 0 13 3 19 et Bt 2 3 F AT
BEAZERZr? BEE % o
()~ dwe oy i SR

%% Mosmann (1983) z p|Z > 2 » R L Fwe ? FRHEE 7
184 & fw(Succinate dehydrogenase) » # #- MTT E&R R A2 4 &
595 nm T F B Ak iE2 K I S H (R )0 F]ptF 4~ Dimethyl
sulfoxide (DMSQO)#-'& £ 74 f&{s f#* &Kk & ik 14 /p] 595 nm w3k & -
TF o~ 25N E e 7z 55 ((Cell viability %) 0 ek AR g L A E G E
PImapd 4 pr2 Blwie AR T o

£ % RAW 264.7 |- Bl F e me 4 96 3 32 % 47 (1 x 10° cells/well) >
%37 C~5%CO, g™ 24h {5 > %%‘éfi%%g s e xR e
ERHESAE3T C5%COiET % 24h- ﬁ%‘ff‘%f&’%c ~ PBS
Fikimte o BT FRlde A FRASE 2 1 3min (FAAMHEE &
FA% PBS 2 7 0 4 r MTT 32#1(0.5mg/mLMTT)s % 4he 5 &
PR R 1S A5 % MTT 5830 4e » DMSO 35 % 20 min» B8 14 sk
BOR MR 595 nm sk iE o T A~ 2383t B e i3 % 5 (Cell viability

%)

2L 5 N A\ -
g

Dsample_O-Dmethanol

Cell viability(%): x 100 % (3)

O-Dcontrol_O-Dmethanol
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= |
] | mitochondrial
<:>_< N reductase
"-/"

BlL N~ b s R RF M

Fig. 18. Reaction of cell viability determination
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O.D sample: 1 & A2 8 2_ w3 % (B

O.D contror: & 51k A edy 4 fe s & (B

O.D methanol: 5 7 Ff A dZ 2. P& 14T PR 0
(L)~—F *§ 2 &R

FHEUFREAE B g A2 < B - F 1§ (NO)» NO &

oy

itis A4 NOz3 £ ,‘%ﬁé nitrate reductase 4 f% = & Z_r nitrite (NOy) ;
Bl 2 Griess method » & #% Griess reagent ¥ 7 ¥z A F AR
(Sulfanilamide) ~N-1-% & ¢ %% = %= @ A: @ (naphthylethylenediamine
dihycrochloride) % #ips » B¢ & AFmp g ? NO s A2 £ § 1t

E o Lgd N-L-Fdhe ove- BRLRITY & 2 4 & 550 nm £ &

Lmk g (R T AR RR KR 4T R ER NO,

Il

o

15 0 g QAR & ALfs 358 NO A =
£ % RAW 264.7 /| Bl B e in#e 32 96 74 32 % 47 (1 x 10° cells/well) >
%37 C 5% CO, 15732 % 24 hs # fr‘%fé_\ 3 N )
Rtk &30 1 ppm LPS iF 5 B gt e e & 37 C ~ 5% CO,if i T 32
% 24ho el ? ik B NO, IF 5 518 5. 5 Be 50 ul fw¥e e b 528 5.4
»~ 50 pl Griess reagent’ % £ & & 10 min {5 » 172 & Sk 5k & %] 550 nm

o

2B kgt R e £ M35 E NO 2 =

|

(1)~ e B i R T
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HoN_ 2
P
L
Ch O
Hzn,SfP thl“s»p N~ NH2 N @
oL et e
NHa Ng*

B4 ~-3F i3 RlEF R

Fig. 19. Reaction of NO determination
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RIL L trypan blue 5 2. T 0 AR B2 AT A Y kX HEF
(PEGFP-BL21)#7 & 2 g & ¢ 4 if £ (quench) » A& E ¥ilim%e & v 2 &
k4 95 45 R F] trypan blue 7 § 3~ se ok @ T R B H F R
L T R R A T e 2 BAEM S R B R A e
2B
1.pEGFP-BL21 £ Fl#& 78 § & < 75 & ’"pfli% &

% j8 B4k 17 5 B50 pl 3 50mL LB % (25 g LB broth/1 L RO
k)e > 37 °C ~200 rpm #&FgE & 18 & 20h o
2.FE ik

Mg Fie 710 B ASIFFEE - MR ER L s LR R
P E 345 600 NM T 2 Bk g o 4 F B 100 pl AR R 2 L At
#> LBagar & £(7 1.5%agar 2 LB % )72 % 37 CEE
BA# 181 20h 83 ficfFix Bo o Bz B2 ok in kg GRS &
T IEL R R Al Y Ry o
3. PRI

#-F BT ® 1 1x10° 2 Ei 2 4 °C ~ 3500 X g &< 10 min > 2 %
iR ts s~ 7 20%glycerol 2 LB 32 % AR £353 04 ok 753020
C .

4% v 1T % P
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£ % RAW 264.7 /| & B w5 in %+ 96 34 32 % 47 (1 x 10° cells/well) >
37 C 5%CO TR & 24N BrEpEA > » 84 »7 Fik
Btk T v Lppm LPS e 5 s st e » 237 C~5%COy ik i ™
% 24 ho 4% % pEGFP-BL21 # Fl# % & % < % 4% 5 (5 x10°
cells/well)4e » 96 34 2 % 4% » 12 4°C ~ 120 x g &~ 5 min & & & < %
BRI IRAEAIGEE R we BT 54T » ¥ 4 37 Cigi2T™
T% 2he HeFH067 24284 C~120x g3 5mins £ 4 x
2x trypan blue &~ & 2min> & “,f 2x trypan blue & #| {3 12 % 4 X ik
(Ex:485 » Em:538)ip| @k K {5 o #diclmd » SN EAp ¥ B (v 7

4 +v (Relative phagocytosis (%)) e

Eal A
. . 0.D 1
Relative phagocytosis (%) = ——"P 2 % 100% 4)
R e W

Citrate buffer: 2~ 0.2 M citrate acid 28 mL £ 0.2 M sodium
citrate 22 mL 3523 ;8 & o
2 X trypan blue :#%|:2~ trypan blue 5mL ~5M NaCl 3mL ~ 0.1
M citrate buffer 20 mL = F-k T2 2 50mL 2323 R & -
()~ e jpdpl T
BBkt R R LA A 154 (enzyme-linked
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immunosorbent assay ; ELISA) 117 ¥ % e/~ 47 w2 % interleukin-6
(IL-6)% interleukin-10 (IL-10) > Fg 2" = 37 & &4 dm 2 LR 3 &7 i 2
Adr o - RAW264.7 /| B Evgimre 12 %3 243 12 % 4% (5x 10°
cells/well) » >+ 37 C ~5% CO3 & 24 h > B lmPe 32 % % 4 if =%
320 CH A 371 * o B~ 06 3¢ ELISA & 4545 > 4 » 100 pl/well capture
antibody *# % (coating)12 = 14 h & F # “,f capture antibody > 1+ wash
buffer 300 ul/well 7% 3" 1 3 =t »4e »-100 ul/well reagent diluent & {7
blocking1h » # “,f reagent diluent > 2 wash buffer 300 pl/well 7%= 4"
3% 0 4 > 100 pl/well #2524 fmfe 32 & % (& LPS % 12 % 2 woe
Himse s e £ g AR i ek AR 30 B)F b 20 BE
52 twfe 33 &% 0 v4 wash buffer 300 pl/well 523t 4§ 3 =x » 4e »
100 pl/well detection antibody ¥ & 2 h-#% K,ért detection antibody- r+ wash
buffer 300 pl/well 773 4 3 = » g% ¥ 4e » Streptavidin-HRP 100
ul/well & 20 min» 2 wash buffer 300 pl/well %3 ) 3 = » i#F & ¥
4v ~ substrate solution 100 pl/well = & 20 min » 4c » 50 pl/well stop
solution » & 18 12 & Sk Sk B % R 450 nm e sk B T i iE d o~ R
RS s B
E ey
PBS: Z 5.36 mM KCI~0.44 mM KH,P0O,4~4.17 mM NaHCO; -

58



0.14 mM NaCl %2 0.35 mM Na,HPQ,4 % f2>+ = =t & g5+ -k ¥

Reagent dilute: 0.1 % (w/v) Bovine serum albumin (BSA):% f#
> PBS ¢ o

Wash buffer: 0.05 % (w/v) Tween 20 ;% j#>* PBS ¢ o

Substrate solution: Tetramethylbenzidine: H,O, = 1:1 -

Stop solution: 2N H,SQOy °

(=)~ ) BUAR am Pe B e 1T R

o mre RY R dere % | 2R R T oo R A MR M P 2 F
v 4m*z (Macrophages) % # |4.%g 2k (Neutrophils) - l%ﬁ“d At e B
VA T kA e Bl RN E R S H T et
FEEITH 2 P T RF R MG N SN B S K s

(positive fluorescent level) » [5 14 % K & fAX 5 4 77 ‘o B i 4 4%

B ot 5 B6 [ B19 % 4 5 2 Bl S 54 5 mglkg
ths o L1 = X dR4E > M) B isoflurane i | 189 T R X SR
e B E (5 B Y 5 mL YAC medium 12 200 mesh & i B
T Rl 2 e igie > 1 300x g~ 4 CiERT 4 10min 4

iR dEdp s B OAINRSTR 02 4h AT 0 4o~ 0.1 x Hank’s
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balanced salt solution (HBSS) 5 mL #-’= x ZE B » £ 4 » HBSS 10
mL# % 5mine #&%12300xg~4 CiEizTage 10min» 2 % i+
o g AL B ORIRHEIUIK 0 a4 4r ~ YAC medium i s\ G g
RAFTimre Bp SR RIFRIER AL S 2X 107 cells/mL - HPh
T Rz 12 % 5 YAC medium 2. 96 3¢ fm7# 12 & 45 (1 x10° cells/well) »
# % 4c » BioParticles® FITC-E.coil (2.5 x 10° cells/well) > r2 4 °C ~ 120
X Qg #e 5min i€ ¥ kX e I E D ORINE e (T AT o
96 3t 45 % 37 T % 2hy FR AP L4 4 T ~120xg 4 5
min > #% 'ﬁ i > 4c ~ 50 pl 2x trypan blue % 50 ul analysis buffer £
mie R Aria g 0 B (S IR e R B R R 0 BlE i HA A

17 F R MELE » AN E Bk s o

eI
positive fluorescent level = M1 + M2 x 10 + M3 x 100 + M4 x 1000
(6)
ML k28t 2 10T U p 2 fmoe | A v
M2:% k288 4 10% 14 p 2 i | A v
M3 ks 5 10° 1 p 2 tmoe A
M4 kgt % 10° 0 2 fmve | oA L
R pe

YAC medium: 7 RPMI 1640 medium 400 mL ~ 10% FBS ~ 200
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mM L-glutamine 4.5 mL ~ 2-ME 450 pl ~ sodium pyruvate 4.5 mL %
gentamycin 450 pl -
10 x HBSS: sodium chloride 80 g ~ potassium chloride 4 g ~
potassium phosphate monobasic 0.6 g ~ glucose 10 g ~ sodium
bicarbonate 3.59g =& = 1L -
Analysis buffer:2~ organ cell suspension medium (z RPMI 1640
medium 200 mL ~5 % FBS ~200mM L-glutamine 4.5 mL ~ 2-ME 450
ul ~ sodium pyruvate 4.5 mL ~ gentamycin 450 pl ~ gentamycin 450 ul)
200 mL ~ 10 x Dulbecco’s phosphate buffered saline (DPBS)(96 g
DPBS powder 2 = st 2 @+ -k & 3 1L)80mL =& & 1L -
(+ =) MIUM2 E vglmbe & A & 47

Eriimi 25 ML 2 M2 A 87 it A8 » Tt A —-F*]z m R
3 # I ens i F (cluster of differentiation ; CD)f Rk » M1 fm¥e £ 3
CD68'/CD197" » M2 ‘m*z | & % CD68'/CD206" 2_ 3| i o F]yt ¥ 4 *
7 % Fluorescein isothocyante (FITC) ~ Phycoerythin (PE) ~ PE-Cy5 % &
H e e CD R 55 & 0 1003 b e ik R LU 5LA 45 b
o A

b 5 B6 ] BL9 R #eo M w Y 5 o Bl Bz s 5 mglkg
R LB = X 4Ry #) BUY isoflurane i 5 159 T FRak 3T
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4 PUBFEE 2 B %Y 5 mL YAC medium 12 200 mesh & 4 B o
fo b Bl 2 wre ISR 0 12 300X g~ 4T HE T s 10min s & %
i ks B AIVRTER S P 44470 4o~ 0.1 x Hank’s balanced
salt solution (HBSS) 5 mL #-i= u R £ 4e » HBSS10mL # % 5
min - #% 2 300x g~ 4C#E T 3w 10min > 2% ik o dEdp g
s R FRRITR e 4 A0 4e 0 YAC medium i 3N e e R A 4T o ve
Hc P fs Rlwre Btk ok B A S 2% 107 cells/mL o B~ 50 pl ‘w7e & i
4o~ Qul ¥ Sk & dal(z CD68 ~ CD197 ~ CD206 4748) » v 4 iR
£ is3 4 CwrkF & 30 mins 4e » wash buffer 2 mL % ik & g ¥ &3
At > 124 °C ~300xg #E iz & 10 min o 2 ",%_P Ak o A
200 pl analysis buffer #23 & & » 12 38 fm 22 (R A 47 fm e & 3| A o
(- m) >~ PEERR T

DETIE RS TR VS W E L ST VS S RN SUF
G AP ICEFETE 0 R Ap k45 P B E 3% R (HPLC tandem mass
spectrometry ; LC-MASS/MASS) &= o & * T v 3L+ it 2
(Electrospray ionization ; ESI)#-4% S8+ i » ¥ Vv &4 8 Bap+
2 (Quadrupole tandem ion trap) & € 4 +7 & & % ¢ & j= * (mass per
charge ; m/z)#-3+ & 3 0 R BAERATIEL - Bk gl ~ TR
EEFVET Y a7 3 PR T RETEREPERER
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A FEMEOPRFALES AL LB B IR FAPEF ] B
TP RV LR & o

CESREIRRY

|4

R SR BIR SR F T 5B 4~ R E X (mean £ SD) & T o
f1#* Statistical analysis system (SAS) st3* 4 47 #x %8 12 Duncan’s
multiple range test » 47k S #cdp 2 A F 3 L R o BF L B -RE L p<

0.05 -
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B~ BERER

- R KRER i LR S B

=k

(=) ks 2 &
A3 dp e KRR R R 07 g 2 E 8 14 (Jamdar
etal., 2010; Liuetal., 2010) » ¢ A # 3 7 LR34 K f2BF 7 4 pepsin-~
#~ & F-v -KfE$ (pepsin-isolated soy protein hydrolysate ; P-ISPH)-k
fE5 2 A 52 B o uPKEFEF 005124 -6h24 > &
pr R Rher A 4 2 oK f#Ede & %) 5 P-ISPHOh ~ P-ISPHO.5h ~ P-ISPH1h ~
PISPH2h ~ PISPH4h 2 PISPH6h = Bl= — % ISP % pepsin -k f2 s # F
KEEEEREFE AL PR SR KRS 2 AT PR ER
FFdi4em PRz x26hE389% A28 * 6h:E] 1.55mg N/mL -
R E KRS ehy ME R - REKfE s [ AR 0 G RE R D

K ET A € 1 48 ks (Klompong et al., 2007) » F] gt ok 3 40 ¢h

Tk | REvmmie RAW264.7 (T3 4 L E D S Hw%HT 5 0

R TH AP S EFEE NO 4 =

Ik

» B]= -+ - % 4000 ppm P-ISPH =%
F Fe ok fRPE ¥ RaW264.7 fmre fp A A 2 B B R R T
P-ISPHO0.5h ~ P-ISPH1h ~ P-ISPH2h ~ P-ISPH4h ~ P-ISPH6h £ P-ISPHOh
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Fig. 20. Effect of different hydrolysis time of isolated soy protein (ISP)
hydrolysate by pepsin on degree of hydrolysis and yield in terms of TCA

soluble nitrogen.
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Fig. 21. Effect of 4000 ppm Pepsin-ISPH (P-ISPH) with different

hydrolysis time on relative phagocytosis (%) in mouse macrophage
RAW?264.7.Bar represent mean £ SD. N=3. Mean with different letters
are significant different (p<0.05) by Duncan’s multiple range test.
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At o SRR F (p<0.05)# 2 Erimre 2 Ap ¥t B v o H P
P-ISPHO0.5h ~ P-ISPH1h ~ P-ISPH2h ~ P-ISPH4h $4 E #5m %2 2_ 5 ¥E %
MEFBFegdad o P Rt Bl EFEFLE o v P-ISPH6h
BB M e 2. B S M 4 Ar kg ¥ K3t P-ISPHO.5h ~ P-ISPH1h ~
P-ISPH2h 2 P-ISPH4h » &R % K2R AZE 6 h kfzy @ B fls
FEe 2 A B AT BEAE R KRR R LR e T 4 o
Bl= -+ = % 4000 ppm P-ISPH ** % & -k f% pF FF ¥+ Raw264.7 ‘m

NO # =

=k

2§25 o & % 87 P-ISPHO.5h ~ P-ISPH1h ~ P-ISPH2h
P-ISPH4h 2 P-ISPHBh 1] F ririm®2 22 NO # & § % &7 ¥ i<+ 1 ppm
LPS 15 143414 » .k 7 P-ISPHLh « P-ISPH2h - P-ISPH6h $}3+ E vt
wrz 2. NO 4 & 8 8 5 M A4k Tz qrflie i oh > Hapokjad e
B Eme 2 NO 2 S & pdludpit gl X4 8 - ) 2% 4 7
ki3 pFRF 0~6 h 2 P-ISPH *t 4000 ppm A& T % # £ (] E o m ¥
A4 B LF BE D NO dek o

d Bl= - 3Bz Lz ek %+ 74 P-ISPHO.5h ~ P-ISPH1h ~

P-ISPH2h « P-ISPHAN B 2 4 flicawrie® 2 gt > ® B¢ 2 ¢ E
Evgime A48 L F BN 2 NO- # ¢ x 2 P-ISPH4h 2 2 £ %

BF 0 L7 F5 ARNSHAES > 15 F -2 P-ISPHAD & 7 i 5%
% 2 ¥£3 P-ISPH4h 2 H g R o b me L aB e w4 208
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Fig. 22. Effect of 4000 ppm P-ISPH with different hydrolysis time on NO
concentration in mouse macrophage RAW264.7. Bar represent mean
SD. N=3. Mean with different letters are significant different (p<0.05) by
Duncan’s multiple range test.

68



Bl= L = 5 #3317 F&E P-ISPH4h $+ RAW264.7 m¥e 13 7% 5 2.
B 8o 2 % B or P-ISPH4h “,f 7 7 10 ppm F#E T & ) EAp v 3 e
e S BE/RS 0 4 100~4000 ppm A T 82 ] ke dp it 0 e
e 2B AR F LR o &5 P-ISPH4h >+ 10~4000 ppm 3| &
I E e 3 B F dmie o
- R RA He LED S EEL T

CFF I R FRA KBRS A T S
it £ (Cheng et al., 2013; Kim et al., 2007; Luo et al., 2013; Tsou et al.,
2012) > 5 7 &= P-ISPH4h 2_ &£ 38 &80 12 » 27 7 B
P-ISPH4h i& (7 g "% 4 » 4 %12 30 kDa ~ 10 kDa ~ 1 kDa MWCO #:
FUHGEE AR A (S TR A A B 5 30 kDa MWCO retentate (30R) -
10 kDa MWCO retentate (10R) ~ 1 kDa MWCO retentate (1R) % 1 kDa
MWCO permeate (1P)- F Z#-i 7 R A dr 2 £ F F o F 2 v g F ¥ i
TR e BRAF A R A Z AR G A o
(-)>AFEALFE P ITF

Bl= w2 5 P-ISPHAh (57 b &+ £ " UE g% & 8 717 R 7R
B2 F A Rl 3 F L w5 12,327 Da~6,512 Da~

1,855Da~189Da %2 75Da- d %% ¥ #472 F MWCO 2 jg"v #-

Jui

P-ISPH4h & &2 3 & 5 22 % & L R AP 2 v e F S5 KT 4
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Fig. 23. Effect of P-ISPH4h with different dosage on cell viability (%) in
mouse macrophage RAW264.7. Bar represent mean + SD. N=3. Mean
with different letters are significant different (p<<0.05) by Duncan’s
multiple range test.
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B= = ~P-ISPH4h 57 f & F & ERNF A T H kAR 2 R
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Fig. 24. The molecular weight distribution for retentates and permeate
obtained from the fractionating P-ISPH4h with different molecular

weight cut-off (MWCO) membranes,P-ISPH4h was sequentially filtered

by a membrane module with 30 kDa, 10 kDa and 1 kDa retentate or
permeate,respectively.
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%= 32 P-ISPHAh &7 o A 3 B U H A (50 2 % A $ (30 kD
MWCO retentate ~ 10 kD MWCO retentate ~ 1 kD MWCO retentate ~ 1 kD
MWCO permeate) 2. 2 & 2 w Jc ¥

Table 3. The yield and recovery of P-ISPH4h and its retentates or
permeates obtained from fractionation with different molecular weight
cut-off membrane in membrane reactor system.

Sample Yield (mg N) Recovery (%)
P-ISPH4h 25936.6 100

30kDa MWCO retentate (30R) 795.0 3.1

10kDa MWCO retentate (10R) 9862.8 38.0

1kDa MWCO retentate (1R) 13573.1 52.3

1kDa MWCO permeate (1P) 1706.8 6.6

Yield (mg N) = TCA soluble nitrogen (mg N/mL) x Volumn (mL)
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AP W I0R 2 IR Z e & B » 4~ B 5 38%% 52% - L 3 7§ a‘ﬂ
i pepsin-~ & F-v K fRP SRR A 6 BT O & § 7 3t 1kDa
T wlz k) L 49.4% (Fr 0 2014) R AT HA B2 R TS
R*ZIEREEI R RARG AR 2 RRE EBTRTER -
() e AN EFE
R ENERELEAGFMEZ R AL KR-P-ISPHAh 2 H % & 47 30R ~
I0R~1IR & 1P Ergm e Ap ¥t Bvmin it 172 NO 2 = & & 47 »
# £ ## B 5 100~4000 ppm= Bl =+ 7 % 7 &£ P-ISPH4h 2 H g
T A Fo 4 RAW264.7 im v 48 41 5 s 2 85 o 5 % A7 &£ % 4000
ppm F¥ P-ISPH4h ~ 10R ~ 1R ~ 1P £ 1 ppm LPS 15} $F /& = 4p 0t 2 5
B AL By kS e aEd > m 500 ~2000 ppm & £ #75 de w22
rdlespt a2 pElt o B¢ 2 AP {2 B
FlLsEF o @y AL 5 100 ppm 2 e 0 P-ISPHAD 11 vk H AR
WA T REZEEFRDDSESE Bl L2 573 BAE P-ISPH4N
2 H R A ¥ RAW264.7NO 24 22 B 5% kT &E 5
100~1000 ppm F& » #74 w2 NO 2 & R & qrdlodar w g ¥ £
22 RF M Lppm LIPS B3t e » 2 7 MR EFRZ RS ¢

FHwE AL FLF KA g AE S 2000~4000 ppm FF 1P 2. NO £
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Fig. 25. Effect of P-ISPH4h and its retentates and permeate with different
dosage on relative phagocytosis (%) in mouse macrophage RAW264.7.
30R: 30 kDa MWCO retentate;10R: 10 kDa MWCO retentate;1R: 1 kDa
MWCO retentate;1P: 1 kDa MWCO permeate. Bar represent mean = SD.
N=3. Mean with different letters are significant different (p<0.05) by
Duncan’s multiple range test.

74



o
=

a
4000ppm a

=
=)

| 2000ppm

n
=
wn
=)
L

iy
=
~
=]
L

(=)

=
[~
(=1

L

=

NO concentration (uM)
=S
=

INO concentration (uM)
=

=
[=]
i

60
60 1 1000ppm 2

wn
=
L

ey
=]
L
=
f=)
L

[
=1
L
[ ]
(=)
L

._.
=]
(=2
&
(=2
&
[=o
5]
o
[=o
&
o
—_
[=)
L

=1
I

NO concentration (uM)
=

NO concentration (uM)
= =53

~ w o
o o o
I
[
=
S
=
=
3

{1}

= ~
o o
I I

b b b b

o
I

NO concentration (uM)
w
o

N

Q\ﬂo \Q® ‘3%89 S N
o & N

SN

Bl- L ~¥83 % & P-ISPH4h 2 H 5 %% A $ % RAW 264.7 NO
43582 BE
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FEHFR e e A F M 1ppm LPS % #2 NO 4 2 £ -
FALRNEEL NO 2 & § st L B i e 2 B

F(Zheng et al., 2014) > F]+ 1P » 2000 ppm #| & 12 + 2. NO # = & 3
WX AR RN LG E NF o F ONOR A FEHF LA
T d B IR R 4 o

d Bl -7 2Bt s g4 4~ 1P 3 500~4000

\w\é

Bp 3 0

ppm & & T Boi B2 F H/ L A EITHF gvEi ¥ 2 NO 4
1 ppm LPS %] > 4 77 (EE 5 a4 ¥ 2bde LPS — A 4 % ¥
FR > CEREHIPHE IPEF ol FRFAHNEHLAD G E
M2 B

FEIEE g AT B M2 BT PR L G A e e
k24 1 kDa jj i 40 oK R e i A5 F A Ao dd  E 4 (He et al., 2013) -
% B 39 1kDa g ik i B % H 4e 3T3-L1 Mm% 187 2% 14 (Tsou et al.,
2012)% o

Bl=- L= 5 1P 7 & E T 4 RAW 264.7 4p $ 5 viis 12 B 5o
% B or 1P &£+ 1000 ppm 2 b gr ] e dn v i 5 B F 4 2 dn e 2
FoE s D EE AR A e e Fhi 4 4 R - G-
FEn 1P 3 B 5 dedl 8 LR ek o #4353 1P & LPS £ 32 4 %
wmre NO A B2 B8 -B=- L~ 572 F&E IP>@)&D) 7 1ppm
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Fig. 27. Effect of P-ISPH4h 1P with different dosage on relative
phagocytosis (%) in mouse macrophage RAW264.7. Bar represent mean
+ SD. N=3. Mean with different letters are significant different (p<0.05)
by Duncan’s multiple range test.
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Fig. 28. Effect of P-ISPH4h 1P (a) without or (b) with 1 ppm LPS
induced and with different dosage on NO concentration in mouse
macrophage RAW?264.7. Bar represent mean = SD. N=3. Mean with
different letters are significant different (p<0.05) by Duncan’s multiple
range test.
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LPS + 32 % p¥$F RAW264.7NO # # # 2 8258 % % & 1P &7 1 ppm
LPS £ 32 % ¥ > ¥ &£ B> 2000 ppm 2+ > NO # & £ ¢ 1 4 »
G2 LPS edpit ¢ BEEH 4 > 2 NO 2 284 ¥ IPHER 4
= 5 Zo7 10~4000 ppm F & T 1P B2 g 5142 B E g XL F L $
WLPSHEhF L F A LG prdlaeek o S AL AP g
EM e EFEE LG e R o R IPR T 3RS REAT

Blo L4 %7 k2 1P 4 RAW264.7 % 545 2 B30 & &

[e}
4k

g T
1P *+ 2000 ppm A & 17 T pF2 w3 E Sl edp et W oE B E
% 77 1P » 2000 ppm & & 2T 2 £ 4 dwmfe 4 1 o fe A £ iE 1] 4000
pPM B fmf2 13 5 5 B e qp et e BE TR B 4R R 3% H_4000 ppm
HEZLERER R 0 ERBELFERELHNEARIFER - -
32 4 eni % ¥ 4o 1P A 2000 ppm AL BEF B 4w ie B RS
23R A ENOSIASHELF s 2 g5 F mie it o

d g L F o ¢ 01 2 L6 i we o+ NO T
&Y Eelmbe 32 {7 5 vm (% (Minato & Abe, 2013) » @ IL-10 R & 3 $#
#13 Lerek o A M 2 4 NO 2 B X fwPe g2 (Asadullah et

l.,2003) > ] % 1 2 1P $F 4 £ 2 & enfs 4] P %4 IL-6 2 1L-10
4R REFA o

-~
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Fig. 29. Effect of P-ISPH4h 1P (a)without or (b)with 1ppm LPS induced
and with different dosage on cell viability (%) in mouse macrophage
RAW?264.7. Bar represent mean £ SD. N=3. Mean with different letters
are significant different (p<0.05) by Duncan’s multiple range test.
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=+ 52 FAE IP>@)&D)F 1ppmLPS £ 32 % P+ RAW

2647 2w cd IL-6 A2 B2 BB %87 1P Aiz§ & LPS &
£ % B>+ 10~4000 ppm A& £ 1z IL-6 2 & £ % ¥ %3 1 ppm 1B
tE e e 3 4000 ppm A E T IL-6 2 = B A F 3 gl gt
B e R Lo~ ()4p v o A7 1P 2000~4000 ppm # € < B A& 4 (%
F ol gt IL6112 LF weF e NOe @ & 1P & LPS X312 %

R 5 1P #1000 ppm 4 F ¥ IL-6 2 = & ¥ & F 5 > 1 ppm LPS
Biigtmie s &7 IP A LPSHE2 4 Lk B2 &5 Frilivr > H
P % 4000 ppm pF IL-6 4 = & MIR"EF Mk % o IR %k p 4000
ppMm 2 F ER R e 3 ia X T EHER(BI - L4)- 5 AT HET A
ARG KR G R A e ARG RS g
IL-6 2 = 8 Bg 3 4r v 2 IL-6 2. 2 =8 & Jr f» M3 LPS B (4 4B
B AT oRfEP A i 2 B F UF R (Malletetal., 2014) -

Bl=-+- 57 k& E P-ISPH4h 1P **(a)# (b)3 1 ppm LPS =

¥ RAW 264.7 2 'wmPe jck IL-10 A4 £ 2 B2 580 %
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3 577 1P

F_x
¥

4 %1 LPS £ 33 % P>+ 10~4000 ppm &£ T 40 IL-10 2 2 £ 4 B ¥
€3> 1 ppm LPS F& |+ 44 B8 %> 2 @4 1P > 10 ppm | £ T 2234 2 4p
WIL-10 4 s Ea g A 8 > HAARE wn2 IL-10 2 =& 5 ¥ L
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Fig. 30. Effect of P-ISPH4h 1P (a)without or (b)with 1 ppm LPS induced
and with different dosages on IL-6 production in mouse macrophage
RAW264.7. Bar represent mean £ SD. N=3. Mean with different letters
are significant different (p<0.05) by Duncan’s multiple range test.
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Fig. 31. Effect of P-ISPH4h 1P (a)without or (b)with 1ppm LPS induced
and with different dosages on IL-10 production in mouse macrophage
RAW264.7. Bar represent mean £ SD. N=3. Mean with different letters

are significant different (p<0.05) by Duncan’s multiple range test.
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84



—~
QD
=

L = L
| ] ]

IL-6/1L-10 ratio
NN

- & —"

0 —
Control LPS 10 100 500 1000 2000 4000
lppm
LPS - + - - - - - -
Dosage (ppm)
(b)
9
=
*a 7
~ 6
E. 5
" |
Ly
S 3
- 2
=1
0
Control LPS 10 100 500 1000 2000 4000
lppm
LPS - + - - - - - -

Dosage (ppm)

B= L= 347 k& E LIP3 (a)& (b)F lppm LPS 32 % pF ¥ RAW
264.7 ‘%% grE IL-6 22 IL-10 v {82 § %0
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7 6~14 min Jc & % Fraction 1 (F1) ~ 7% § PR 14~21 min 42 & 3

Fraction 2 (F2) 3 7# ¥ p* & 21~35 min 4z & 5 Fraction 3 (F3) -

HRpAad 2zt brd v byme { 285 Rl wied el
AR ¢ MRk Ik R A F P H 2 R mie E SRR 2 B
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Fig. 34. Effect of P-ISPH4h ~ 1P and its reverse phase chromatography
fractions on positive fluorescent level in mouse macrophage from spleen
in vivo. Bar represent mean £ SD. N=3. Mean with different letters are
significant different (p<<0.05) by Duncan’s multiple range test.
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Fig. 35. Effect of P-ISPH4h ~ 1P and its reverse phase chromatography
fractions on positive fluorescent level in mouse neutrophil from spleen in
vivo. Bar represent mean £ SD. N=3. Mean with different letters are
significant different (p<0.05) by Duncan’s multiple range test.
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Fig. 36. Effect of 5 mg/kg P-ISPH4h ~ 1P and its reverse phase
chromatography fractions on M1 phenotype polarization in mouse
macrophage from spleen in vivo. Bar represent mean £ SD. N=3. Mean
with different letters are significant different (p<0.05) by Duncan’s
multiple range test.
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Fig. 37. Effect of 5 mg/kg P-ISPH4h ~ 1P and its reverse phase
chromatography fractions on M2 phenotype polarization in mouse
macrophage from spleen in vivo. Bar represent mean £ SD. N=3. Mean
with different letters are significant different (p<0.05) by Duncan’s
multiple range test.
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Fig. 38. Effect of F1 (a)without or (b)with 1 ppm LPS induced and with
different dosages on IL-6 production in mouse macrophage RAW264.7.
Bar represent mean = SD. N=3. Mean with different letters are significant
different (p<0.05) by Duncan’s multiple range test.
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Fig. 39. Effect of F1 (a)without or (b)with 1 ppm LPS induced and with
different dosages on IL-10 production in mouse macrophage RAW264.7.
Bar represent mean = SD. N=3. Mean with different letters are significant
different (p<0.05) by Duncan’s multiple range test
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