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Effects of Rudbeckia laciniata Extract on Phagocytosis of Serum-Opsonized Zymosan Particles
in Macrophages
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Abstract

Phagocytosis is a primary and an essential step of host defense, and is triggered by the interaction of particles with specific
receptor of macrophages. In this study, we investigated the effect of extracts of Rudbeckia laciniata (RLE) on the phagocytic
activity of macrophage, by monitoring the phagocytosis-associated signal transduction. RLE markedly increased phagocytosis
of serum-opsonized zymosan particles (SOZ), while phagocytosis of IgG-opsonized zymosan particles (IOZ) or none-opsonized
zymosan particles (NOZ) remained unaffected. However, RLE did not affect the binding of opsonized zymosan particles
(0Z) with the cell surface of macrophage. This suggests that RLE may regulate SOZ-induced intracellular signaling during
phagocytosis of macrophage. To confirm this hypothesis, we investigated whether RLE was involved in the RhoA-mediated
signal transduction during phagocytosis of SOZ. Inhibitors of the RhoA-mediated signaling pathway, such as Y-27632 (for
ROCK), ML-7 (for MLCK), and Tat-C3 (for RhoA), totally blocked phagocytosis of SOZ enhanced by RLE, as well as
phagocytosis of SOZ. Additionally, RhoA activity was markedly increased when cells were treated with RLE, suggesting
that RLE could increase the phagocytic activity of macrophage via RhoA-ROCK/MLCK signal pathway. Thus, RLE may
be used to develop functional foods for immunity.
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E3], Rho family GTPase % Cdc42/Rac= FeyRo| &J3t 4]
2h8-& A3}kl RhoA= CRe| &3t BHA13H-8-S 2H35k=
AogZ I#HA QtiCaron & Hall 1998).

Rho family GTPaser= GTP%} Z¢= %S o A E T,
GDP&} ZEH EB/3}E = AbolE% 7L Qith o]y
4 - A e 2AL Fold 2 erel=s meIR
(guanine nucleotide exchange factors, GEFs), F-o}d #+&3| 2
o= dfj2] 2JA|Q1AK guanine nucleotide dissociation inhibitors,
GDIs), 12]11 GTPase &4J3} Tl 2](GTPase activating proteins,
GAPs)o]| 2J3]] o]F o] A th(Etienne-Manneville & Hall 2002).
A A 0] A2} Al ZolE F4F, GTPLF 23 RhoA
= &3t o] a4l T D ¢IAR] Rho-Kinase(ROCK)E &
A= actin®] F9& ZXI8}L, Myosin light chain kinase(MLCK)
£ E3)A] myosine?] £%H2 YO 71t Castellano 5 2001).

A3 Rudbeckia laciniatay= =3}}2] thdA) ZEO
24, BoplE|z7t f4tRo|al 2 HFHolu FAA
TAE B3, 3, 43, $7Y ARG A=
AREE AL QlAL, 2O U= oY & A8Lo s o]gE gl
THLee CB 1998). o] 2|3t A d=3}of| thgt W A+t T
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B H3L9o] Agof A fetal bovine serum(FBS), Dulbecco’s
modified Eagle’s medium(DMEM)< GibcoBRL(Braunscheig,
Germany)2 X 8 343} 3L, 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide(MTT)2} Zymosan A, fluorescein
isothiocyanate(FITC), Y27632, ML-7, Glutathione S transferase-
agarose bead(GST-bead)+= Sigma(St Louis, MO, USA)ZH €]
T3, mouse serum¥} anti-zymosan IgG= Invitrogen(Camarillo,
CA, USA)L2HE U3
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3. M= HHQF

F9] A EZEF2] RAW264.7 AlE+= 5% FBS2} 1% penicillin/
streptomycineS 3713t DMEM HJ A& AR5} 5% CO,, 37T
ol A wjeFstHA Aol ARSI Ad=3 FEES Al
2o A5t A A EELE serum-free DMEM Hj X| o] A] 16A4]
7 F3 wjeFstich

4. HIE =4 A3

RAW264.7 A Z2] HJZEEL MIT E4HE A3 Th
N ZES DMEM iR oA 5x10° cells/welle] W2 Hes}
o 0~ mgmLe] FER AT FHES A5tk 24
A7t B F 5 mg/mLo] FEE MIT & H715ta, oAl
30 & HiFBFATE MTT-formazan A§/4d=-> DMSO 200 uL
£ A715ko 24 83A)%] &, spectrophotometer(moleculardevices,
CA, USAYE ©]-&3t FF%= 540 nmof| A 45Tt

5. Al X102 &K Opsonized zymosan particles)2| &=H|

FITC7} Z2¢HE|o] 9l+= zymosan particles(FITC-zymosan)-2
PBSE 7¥ o]AF A|H3t &, 5x10° zymosan particles/'mL7} &
Al PBSZ 3|45t} ~70TCof| Hak & AYPA] Zofx] ARg-s}
gt 21z A3E 93 2Fo] = QAHZymosan particles)
o] 1 pg/mL mouse serum(serum-opsonized zymosan, SOZ) E+=
1 pg/mL mouse IgG(IgG-opsonized zymosan, I0Z)E 37 Coj| A
1AZE B3 Aeistel Aldstnh @O AFetde 4
© AN E Y EA|(complement) 7} Apo]BE QAo At
grkPark 5 2003; Kim 5 2004).
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RAW264.7 H|ZE 96-well plateo] 16A|7F 52t vljF X, uj
FA-E serum free HjFH 02 ZHobz it 16A|7k0] At 2,
2x10* FITC- NOZ, SOZ, T 10Z-& 1X]7F St A|3E2e] A2
S}t PBSE 5 A|&3E & excitation 490 nm®} emission 520
nmel| A 32| A|71E FLF=A|(F4500, HITACHL, Japan)2
S7sto] AN 2] A& AEshsich FITC-Zymosan 9]
AZxH 252 crystal violeto] 10 uMo] EA| 7}s}o]
Az o] A3 FITC-Zymosan 2] B3-S {1 $(quenching),
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FAAG L2 Qlef A2z Wol| EAsh= FITCY J3ts &
At of2, AA FHF2] A|7]ol| A crystal violet 22 quenching
AR 39| P32 AI71E e Ao AgES At
tHKim 5 2004). ROCK SAA| 21 Y27632(50 M), MLCK ¢}
AA ¢l ML-7(30 uM) T+ RhoA A A<l Tat-C3(10 pg/mL)
= WAAIE SOZE A)s}7] 30 Hef ml2] |28t

7. MIE 22=l(Subcellular fractionation)2} GST-pull down
assay

HloFE RAW264.7 A|ZE serum free BN O 2 ZrolF11
LhA], 500 ng/mLo] =3t 252 24417t S A5
t}. Tat-C3(10 pg/mL)= thAA| o] SOZE A 2js}7] 308 A
of ulg] A XAt

Almukah HEA o] £26Hs RhoA SlAS Rejals] ¢)
314, 1% Triton X-1000] 33+E PEM buffer(100 mM Pipes,
pH 6.8, 1 mM EGTA, 1 mM MgCl,, 2 uM phalloidin, 10 mM
NaF, 1 mM Na;VO,, 10 pg/mL leupeptinyE ©]-23}3 K Nagata-
Ohashi & 2004). PEM buffer2 AZE =< &, A8
(13,000 1pm, 30 min, 4C)E E3)] LA = A|ZZ(soluble fraction)
7} A|Z2K(insoluble fraction) T A5 SDS-PAGE®] 2J3|
AR, A|lZet} M|z o] EA3}= RhoA T2 o] ¢F
2 anti-RhoA antibodyZ AF&-3}¢] immunoblotting © 2 &-213}
STt PEM bufferof] =ojX N Z 2822 d4l&g Hof 7]
] 50 pL& £235}9] anti-B-tubuling- ©]-8-3t western blotting
9] load control2 A}&3}Th

243tE RhoA TAL &921517] €8] GST-pull down
assayS P SFHTHKIm 5 2006). A|EZE lysis buffer(50 mm
Tris-HCI, pH 7.2, 1% Triton X-100, 0.1% SDS, 0.5% sodium
deoxycholate, 500 mm NaCl, 10 mm MgCl,, 5 pg/mL each of
leupeptin and aprotinin, 1 mM PMSF)o]] =21 F QAR
(15,000 rpm, 15 min, 4C)3FQTh. HA| Z(supernatant)o]] GST
o]l ROCK 2] GTPases 2% =1|2lo] Z % GST-ROCK binding
domain(GST-RBD)& 21 1A|7F ¢t A3A|7l &, SDS-
PAGE®] 9J3 GST-RBDo|| 23t
4 3bE RhoA Western blotting®]] 23] 2213} tHKim
= 2006).
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RE AP 33 o4 WhE AAste] FAy EEHAL
(mean+S.D)2 VERJQlow, Z} FFghol digh AF2 SAS®
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1. CRANIZQ] RIO|2A EHAlSTH ZBHS0l U0IM A2l
33 8820 &7}

HQTI FHEY YA JE 9T AY5ES &
obm7] Slotel, AT £EBS FEH(0-1,000 gl
AAE 24417 B R F, AEEAS AT
T3 FEFE 0-500 ngmLe] FEAAE Fo3lE A
37} BolA] SFSEAEE, 1,000 nghmLol A AEEA o] Lhet
wekFig 14). £ 238 53 theo s AR APoIA
L 4TI 2529 AYEL AN Y AES
g E37t QL 500 ugml o]sfell A o] Rl He

qgoR HAF 228 JAAY T
g EE AR 9Jstel, SEH(0-500 ngml)E oA
RIS 24412 B ARG F, SOz 1028 1417 F
A EiFSLTE. Fig. 1BA ol AAH, AHQ=et 3
B S0z HASL = GEHOR F/HIFA, 10
o B SOl Wakh BEEA) goreh whE, A
£9] zymosan AFSNAE SOZIH 1029] 39, BRAA &
ogit= Wah ek skeiFig 10)

olEe At Julst AL AR F2E0| EYE
ofe] 7 JESo] AFE =G PAHE S§AIZ)
Yol FFL 1| Y, FAHS 2B AT 4
Y el Fele ¢ 4 A SrkKim 5 2004)
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2. M35 FE2E9 ROCKS MLCK AE7|H &
=k

AN 2= BAGEES S35 BAlsH Y9I EERG
£ % S5 24t HEE AlZY Az g7
9J3) o]F o] R thCaron & Hall 1998). EA|7} A% SOZ2]
2] 50 A= RhoGTPases 5 RhoA7} #3111, IgG7} Ao+
% 10Z9] gH4]%59]| A= Racl/Cded27} 22t Zolict AHel=
3t FE=2 Fig 194 SOZ9] F25S S7H%7] d&el
RhoA7} Zrojst= AT HD7| S SAATAZ 7Hs7d0] L
o} A=, ol2gt 7S EIst] flste] thAlA e Al
3} F#&E 500 ugmLE 24 h T AA T &, G5 =
A5z RhoA 9] 31917] Thal A 9] ROCKF MLCK 9| oA
A(Y27632 for ROCK, ML-7 for MLCK) 2] 27 3} 4 SOz
T A2 FASS AHEYTh

Fig. 204 HojX= AXH, HAANZ9 SOZ FA5<
100%2 FFstae o, Y276322F ML-79] &4 stof A= df
A X Z22] SOZ g4)%50] 33.5%2} 30.9%2 ZHzF Uelstth o
AAEo] §li= 2AMA =3t F2E(500 pg/mL) A 2o
o SOZ HASE 224.5%AAIT, o3t HAls F7ta
L AAe] ZA Sl A 56.7%(Y27632)%} 44.5%(ML-7)E
Aak= e,
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Fig. 1. Effects of RLE on the phagocytosis and binding
of zyomsan particles in RAW264.7 macrophage cells. (A)
Cells were treated with or without RLE as the indicated dose
for 24 h and cell viabilities were determined as described
in the materials and methods. The graphs represent the
averaged, normalized cell viability values; the value in
untreated-RAW264.7 cells is taken as 100%. Values are
from three independent experiments+S.D. *P<0.05. (B, C)
Phagocytosis and binding experiments were carried out as
described in materials and methods. Phagocytosis or Binding
was measured by fluorescence spectrophotometry measuring
the fluorescence intensity of serum-opsonized FITC zymosan
particles. Cells were pretreated with RLE as the indicated
dose for 24 h and then were challenged with none-opsonized
zymosan (NOZ), serum-opsonized zymosan (SOZ), or IgG-
opsonized zymosan (IOZ) for 1 h. Values are from three
independent experiments=S.D. "P<0.05, ""P<0.01
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Fig. 2. Effects of RLE on the activation of ROCK and
MLCK during phagocytosis of SOZ. Cells were pretreated
with or without 500 ug/mL RLE for 24 h and then were
challenged with SOZ for 1 h. Before SOZ stimulation,
cells were treated with or without 50 uM Y27632 or 30
uM ML-7 for 30 min. The graphs represent the averaged,
normalized phagocytosis values; the value in only SOZ
challenged-RAW264.7 cells is taken as 100%. Values are
from three independent experiments=S.D. “~P<0.01
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Fig. 3. Effects of RLE on the activation of RhoA during
phagocytosis of SOZ. Cells were pretreated with or without
500 pg/mL RLE for 24 h and then were challenged with
SOZ for 1 h. Before SOZ stimulation, cells were treated
with or without 10 ng/mL Tat-C3 for 30 min. The graphs
represent the averaged, normalized phagocytosis values;
the value in only SOZ challenged-RAW?264.7 cells is taken
as 100%. Values are from three independent experiments
+SD. "P<0.01
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AEAYAR] ROCK 53} Z3ste] 4155 ALethCastellano
S 2001; Etienne-Manneville & Hall 2002).
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o154 olR|SIYT, Ea RhoA Beide] BHEE A
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Cytosolic fraction &= oo RrRhoa

Total cell lysate
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Fig. 4. Treatment of RLE activates RhoA in RAW264.7
macrophage cells (A and B). Cells were pretreated with or
without 500 pg/mL RLE for 24 h and then were challenged
with SOZ for 1 h. Before SOZ stimulation, cells were treated
with or without 10 pg/mL Tat-C3 for 30 min and then
performed subcellular fractionation (A) and GST-pull down
assay (B). (A) Cell lysates were fractionated into Triton
X-100-soluble (cytosolic) and -insoluble (membrane) fractions
and immunoblotted with antibodies to RhoA or [B-tubulin.
(B) RhoA activation was analyzed using a GST-pulldown
assay, as described in the materials and methods. Representative
images of experiments performed at least in triplicate are
shown.
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