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Abstract — In order to screen new allogeneic mixed lymphocyte culture (allo-MLR) inhibitor which is expected to be immu-
nomodulating drug lead, we have investigated allo-MLR inhibitory activity on the marine-derived symbiotic microorganisms
(1,895 strains) from the marine algae. The potent inhibitory activities (over 45% inhibition of proliferation at 10 and 2 pg/ml)
without cytotoxicity were observed in the extracts of 46 strains. While, the significant stimulating activities (over 100% pro-
liferation at 10 and 2 pg/ml) without cytotoxicity were observed in the extracts of 5 strains. In the second assay using 46 bio-
active strains, 14 strains exhibited again significant allo-MLR inhibitory activity. Finally, 11 strains among the 14 strains
inhibited proliferation and IFN-y production of CD4+ T cells during the stimulation with specific antigen in the third assay. On
the basis of above results, the marine algae is nice source for isolation of immunomodulating microorganism, and the marine
algae-associated microorganism is also nice target for development of the new immunomodulating drug lead.
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o] dgho =AY 9ael aligh, el 2 Asitel] A
2ehe AIERENE 217} 21065, 9657 720 52| 3
A ES s, o] &S S E allogeneic mixed
lymphocyte culture (allo-MLR)'" 94 &35S in vinrool A
AMEte] HAZHEAAL s dmAE ALY 7| 2A5E

ZAIA.
HE o

Alek & 717] — &1) (acetone, CH,Cl,, MeOH, EtOAc,
DMSO) ¥ uj A= Sigma-Aldrich A} (Wisconsin, U.S.A.),
Acumedia (Michigan, U.S.A.)) 2 F)E4t R}, A71=)9
15 AloFS ARgstlon, wiAl 242 o= Zth
SWS+agar HlA] (1% soluble starch, 0.1% soytone, 0.2%
fish meal, 1.5% agar, 100% seawater), YPG+agar HJA|
(0.5% yeast extract, 0.5% peptone, 1.0% glucose, 0.2%
fish meal, 1.5% agar, 100% seawater), YPM HJ =] (0.2%
yeast extract, 0.2% peptone, 0.4% mannitol, 100%
seawater). MLR media [RPMI 1640 (WelGENE, Korea)
supplemented with L-glutamine (1 mM), penicillin (100 U/
ml), streptomycin (100 pg/ml), HEPES (10 mM), 10%
heat-inactivated fetal bovine serum, and 10° M 2-
mercaptoethanol.
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In vitro cytotoxicity assay (HAMZ MESM 2AM) -
Specific pathogen-free 3] 2 AFS-3t inbred strain P}-$-2~
C57BL/69] 7S AEato] ujFlolr &l Alx= Ff
A|AA AFEEA T Cytotoxicity= 96 well plated] A 52
AA % (10, 2 pg/mL)E 71, 5x 10702 splenocyte
S A7kt 16~1847F 5F MLR media®ll ¥ - Al
o] A& o= CellTiter-Glo (Promega)® A XS £3)A1A
A E ATP2] ¥ luminometer2 =7 5% th (Infinite
M200, TECAN, Mannedor, Switzerland). A|32] AFE H%=
£ A2 gajol AM-eF DMSO tl&-S 100%=2 153}
AL AR HE-S AR ST, 80% olate] At A&
£ Hole A& M E MEEgo] e AR 15
Elrve

In vitro allo-MLR assay") — C57BL/6 (H-2" MHC
haplotype)®] peripheral lymph nodeE A&3tal @ Al
2 FR31] responder® A8} Antigen-presenting cell
9l stimulator® % inbred strain®] 22 H-2' MHC haplotype2-
2 (C57BL/69}+= MHCS} minor histocompatibility &
mismatch 1 BALB/c PF-229] B} A X5 GAMEE 7
3t A&sIT). Stimulators cesium irradiatorsS: AME-5}
o] 3,500 rad® ZAHEH ol AL&aH3lTh 2 x 10°¢] B6
lymphocyte responder$t 5 x10°¢] irradiated BALB/c
splenocyte stimulatorE 96 well plate®] MLR mediag %
A4 Bt RESAIZT o] W A FE(10, 2 pg/mL)°]
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MRS F7PeET A2 S4 A== CellTiter-Glo
(Promega)s ARS8l ATP| & 745130 om, AlEe] &
ol AF&-3 DMSO thxwg 100%% 7HFafal g2l
Hl&-& ARt

24 HHQF (1 L) H A& (ZAR ¥ kY) =X -
Alazol] g Al E=Ao] flo] +o/d A= allo-MLR A
Aol A& 4659 FF (% Inhibition : 45% ©’HE
YPG+F uiA]ellA 27°C, 3097F 1 L =2 wjdst 5, ul
& FAHIE A= (cheesecloth) 1345l FAR] (mycelium)
oF wiFey (broth)o. &2 ettt A= 4% &
CH,C1,-MeOH (1:1)Z FZ3}2, vl EtOAc & =
atod, 2H2F 4652] AR 2= (000M) 3 465-2] 1 gl
A2 (000B)S AUt}

Intra-cellular interferon-gamma assay, CFSE proli-
feration assay — H2-A’-restriction® ovalbumin peptide
323-339 fragmentol]] 5-0]% 22 ¥H8-5l= OT I transgenic
CD4+ T JZ75 A3l AH&3H3Ith OT 11 vh¢-29
peripheral lymph nodeE A &3te] @ Ax= F-f31aL
1.25 mM 5,6-carboxyl fluorescein diacetate succinimidyl
ester (CFSE; Molecular Probe, Eugene, OR, USA) & H41
S 3 Fol, 2 x 10°AEE A4 CSTBL/6S] ¥l £
& FAAAAE 2 x 10 cells) ¢ 0.2 pME] ovalbumin
323-339 peptides ARl 3 &7t A=At o] W Al
55 2 ngmLE H7Feidnh S48k AEE oA b
PMA (50 ng/mL)Z} ionomycin (1 pg/mL) 2 4A]7Fs<t =}
Sl FAAL, P T AR FRS 1 pg/mLe] Golgi plug
£ o] 9t} MEE= anti-CD4, anti-IFN-y, anti-VB5 mAb
2 gAIsle] FAIZEA7](BD FACSCalibur, San Jose, CA,
USA)E &3l A48t dojxl A= Flowjo software
(Treestar, Ashland, OR, USA)ZS ©|-&3lo] £3589t}
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1,895%2] F&ES CellTiter-Glo (Promega)s A-8-3}]
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1477722] 14%9] FEEH tix (DMSO)l Bls] Al X
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ooz A= allo-MLR A eA] a37F &=t
(Table ). B3+ HaliQt a2/ B Aalt sjzRFolA &2
gk 965+ R 720459 sYIE F 27 25459 25
T FE2E 9 7Y 759 FEEA allo-MLR 24
AA E37F FFE v, 57 559 FEE (A-297,
A-427, A-442, B-697, B-717)91- & ME5A0] ¢ 2o
HA (100% o2 &) AES2S 100% oJdez &
7M7) allo-MLR 24%7 a3 32= 9t (Table I).
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A o= allo-MLR &JAI&/do] thA] SRI=IITH (Fig. 1, Table
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Table 1. Bioactive extracts on the 1st allo-MLR assay for the total 1,895 extracts of the marine-derived microorganisms

Proliferation Proliferation Proliferation Proliferation C
Extract No. assay (%) assay (%) assay (%) (Ave %) Cell viability (%)

MB-006 45.15 60.47 46.27 50.63 101.07
MB-010 30.58 46.99 34.18 37.25 91.64
MB-013 44.18 57.55 46.95 49.56 103.83
MB-014 46.92 57.16 4791 50.66 99.19
MB-020 45.85 52.68 43.78 47.44 94.31
MB-024 53.60 49.51 34.14 45.75 94.80
MB-087 60.07 56.60 45.28 53.98 97.94
MB-088 45.18 48.04 36.66 43.29 90.72
MB-111 31.97 45.66 32.94 36.86 9145
MB-128 31.77 36.64 49.18 39.20 92.28
MB-131 38.79 50.21 41.15 43.38 93.09
MB-136 59.24 48.65 45.04 50.98 93.82
MB-154 60.74 57.83 41.37 53.31 96.80
MB-210 54.50 57.62 53.80 55.31 94.24
A-297 148.57 139.96 140.81 143.11 116.89
A-357 19.21 42.28 39.96 33.82 92.03
A-386 26.85 32.49 31.37 30.24 100.76
A-388 32.59 35.22 27.17 31.66 102.67
A-393 36.24 43.68 43.08 41.00 108.60
A-427 194.69 93.30 116.77 134.92 122.44
A-428 26.48 59.96 58.73 48.39 103.36
A-431 8.97 32.11 33.14 24.74 93.14
A-442 211.83 154.97 138.90 168.57 155.18
A-457 41.26 48.40 32.63 40.76 110.93
A-515 48.56 53.39 35.90 45.95 101.10
A-675 9.38 25.89 3431 23.19 100.92
A-677 11.07 31.13 4498 29.06 90.94
A-692 44.53 4221 52.27 46.34 100.84
A-696 .31.40 17.54 21.53 23.49 100.15
A-702 22.30 42.96 56.84 40.70 96.38
A-714 36.76 36.27 49.90 40.98 103.56
A-736 54.89 50.74 56.17 53.93 97.92
A-744 37.67 47.66 4948 44.94 102.02
A-757 50.75 40.30 52.43 47.83 109.39
A-776 1.67 11.49 16.38 9.85 93.51
A-816 17.56 24.37 40.34 27.42 85.05
A-831 32.13 30.16 47.89 36.73 96.13
A-834 0.30 21.34 26.57 16.07 92.43
A-835 25.01 25.37 37.45 29.28 97.42
A-853 43.08 33.65 45.84 40.86 89.66
A-897 17.82 21.64 35.94 25.13 89.25
A-963 50.91 49.18 59.11 53.07 97.05
B-180 5.58 20.03 29.29 18.30 8591
B-204 10.25 25.22 39.84 25.10 85.14
B-250 9.70 27.68 38.44 25.27 85.42
B-289 29.63 46.14 58.10 44.62 91.62
B-662 2.35 50.58 52.52 35.15 96.64
B-663 5.62 46.00 47.76 33.13 86.22
B-697 251.30 107.25 111.36 156.64 114.29
B-709 27.51 50.33 53.15 43.66 105.47

B-717 315.84 130.24 104.67 183.58 105.36
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Fig. 1. Marine-derived fungal extracts inhibited proliferation of lymphocytes in the allogeneic mixed lymphocyte reaction.
Lymphocytes (2 x 10%) from wild-type B6 mice were incubated with irradiated plenocytes (5 x 10°) from BALB/c mice in the
presence of 10 pg/mL of extracts or vehicle. After four days, cells were lysed by adding 100 pL of CellTiter-Glo. Intensity of
luminescence was measured by luminometer. To evaluate the cytotoxicity of extracts, splenocytes (5 x 10°) from wild-type B6 mice
were treated with 2 pg/mL of extracts or vehicle for 16 hours. The relative intensity of luminescence was compared with DMSO

control.

glo] allo-MLR A&/ o] A== ATt (Fig. 1, Table II).
ol 1A} HAelA] allo-MLR A2 do] A2 & 46+t
% 22 A A 1455914 allo-MLR A1 E-do] AA =
o] 30%2] APYS HATH (Table II).

Qrof| A AAJ3E allo-MLR3} cytotoxicity assay 2]ol= A}
o|EFRRI] A HRkge]| vl-g- FQakA| 28-St Al
Z9] S5 3 Aol ETRRI F IFN-ye] A8S 4618l
T}, AukA 2l inbred strain®] -2 =
vl - T} repertoireE 7FA1AL o EA 2}
T A2 A9ol% mj$¢ thkst affinitye] M EFLOZ 74
ol oA FUZ IS ARSEE IS Aol |
Aol dojupr] FA =Hol wol7} AlatA Hrh. G
ol gt ©d St affinityE 7FA|= transgenic CD4+ T
HEIFE ARESHA =™ ole} 22 EAI7F s ==, 3
2} sample 222 J ol A& allo-MLR assay 2ol H2-A"-
restriction® ovalbumin peptide 323-339 fragmentol] 5-©]3]
© 2 Hkg-8l= OT 11 transgenic CD4+ T HET-E A g0
ARSI OT 11 #R9-229] peripheral lymph nodeE 2%
slo] T MEE H-R3la CFSER 9412 g $of] C57BL/

69] antigen presenting cell3} ovalbumin 323-339 peptideZ
ARSI activation A1 TE CFSES] HES 53+ M x5
X2 single cell 9Z floweytometerZ £-235k] 71zte]
Az7E R Mo AEZEES steAE £ 60 549
intracellular interferon gamma 9G4S 3lo] EF o] Fr=9}
effector cytokine$! interferon gamma®] W& J=E 25}
o, §EZFe] g &8 ste @4 L9 effector
cytokine®] L Eshell Helshe &4 S AT
22 T AAelA '] BEE 14779] 1959 d=E
Fo R Me] SA 3 S Aol ETRL 5 IFN-yo] 44
AH-E ARG 3% 5 A 115 (NPMBO14,
NPA388, NPA457, NPAS515, NPA744, NPA757, NPAS8I16,
NPAS853, NPA963, NPB180, NPB204)¢] 12%9] o~
(MB-014B, A-388B, A-457M, A-515B, A-744M, A-
757TM, A-816M, A-853B, A-963M, B-180M, B-180B, B-
204B)°l| A4 effector cytokine$! interferon gamma2] AJAd o]
AgE= AE BRI, o] F 559 AlE (A-388B, A-
744B, A-816M, B-180M, B-180B)°lM & Al &L} 54
o interferon gamma®] A/3¢] A=t} (Fig. 2).



Vol. 42, No. 4, 2011 359

Table II. allo-MLR inhibitory activity at conc. 10 and 2 pg/mL on the 2nd allo-MLR assay for the 96 extracts of the bioactive
46 strains selected from the Ist allo-MLR assay

Extract No. % 11:1 rhoill:;eir:r’il)or(lnza Cytotoxicity Extract No. % Il; rhoiltl)iftei:)ar:l)or(lnza Cytotoxicity
MB-014B 88.20 A-75TM 66.41
A-388M 85.82 cytotoxic A-757B 93.28 cytotoxic
A-388B 89.27 A-816M 80.33
A-457TM 76.06 A-816B 92.39
A-457B 86.01 A-834M 90.21
A-515M 85.85 cytotoxic A-853B 41.66
A-515B 94.50 A-963M 59.41 cytotoxic
A-696M 75.38 A-963B 94.86
A-696B 85.61 B-180M 86.54
A-736B 92.60 B-180B 81.36
A-744M 60.86 B-204B 66.27
A-744B 83.10
DMSO MB-014B ) A-388B A-457M A-515B
0.16 3.91
4.05 80.3

10! 10?

IFN-y

CFSE

)| ,16.29

10t 10° 10! 10%

Fig. 2. Marine-derived fungal extracts inhibited proliferation and IFN-y production of CD4+ T cells during the stimulation
with specific antigen. CFSE-labeled CD4+ T cells (2 X 10°) from OT II mice were incubated with 2 x 10 splenic DC from wild-
type B6 mice in the presence of 2 ng/mL of extracts or vehicle. After three days, cells were harvested and re-stimulated with PMA
+ ionomycin, followed by intracellular cytokine staining. Cell division was monitored by levels of CFSE dilution, and staining for
intracellular IFN-y was dot plotted.

opel ARmNE SERZNE Peld A, /M FL EARSGH A48 7)) Ak Aze A fUel 48
WA VRS PO dloMLR e BAA T H-50d WeRd MR AR A% Fa3 A7)
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=
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