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1.MB

QA Ay, ¥yAe g2y Yupag e
AAere Ak 8 A2 FYME-QAA
(glycero-phospholipids) # 2¥31-91x]8 (sphingo-
phospholipids) . 2 ¥ =d, EAHQ FA=-
xR AdzME TAMEY F¥ (phosphatidyl-
choline), XAMEld o g&gol? (phosphatidyl
ethanolamine), ¥2%E]¥ #d (phosphatidyl
serine), ¥2HE]E ©|=A]lE (phosphatidyl inositol)
3 2089 ZHE (phosphatidyl glycerol) &
¢ E F UL A2ANT-AAAZAN Ay vl
(sphingomyelin)©] ¥l Zo|tt? Untzow
2R E AXNFEE RS A48 3
A3, 71N AFde TAXAA e FA
2AAL 7R she FYHZ-X2F A
(glycero-phospholipase) (°]3} ZAX A& A
Aske Ao, o 242 9d get A, A, CED
2 ERen ¥2xgus AL 74F B 4
g 2¥3e A% (membrane-bound) o]
U, I2¥SA At HEAEE Ee Puies
WE>GEE), 4o & v EHEEY #A3gq &
st Aol gEA Aok AF X2 A
o1g A A e 7Heid YA€ Fg 1o] Jebd ut
o} 7o o7]1A R, R A 2719 47
& dujsly, X Zd(choline), o&&etql
(ethanolamine), #] ¥ (serine), ©}xA]&(inositol) ¥
o] &7|(residue) & 9jv] ok XTI oA A
T FY2AHES NBEABA = FATZ A A
F Ae AREAAAL 459 A= (y0)8 AAA
Azl o]gHo] it} o|g} Zo] EAX A
the) Ax AER glon, A2de X2¥
A E F219 FAAAY YFAHY TA) €3

Phospholipase 8 Phospholipase A:

/

CHzO CR!
Phospholipase D
R’C OCH
7
CHzO—Fl’ -0—X
Phospholipase A: o

(EC 31.1.4)
Phospholipase C

Fig. 1. Sites of action of phospholipases on
phospholipid.

(degumming) Z3 ol =Yt FAF AXAE
Az2Y-Axdz WA B9 4A SAER
AN, a9 38H FAYo2 AXNAE AAde
Ao vzl B AvFH 5719 LHE F
A £ 9lo] Al FAYELE M AxE e
& Aok gk

A E2¥eiAe BF XEFENN 43 3
of 2 At A7} AU, E EAAA= &
A7 Ak B8 HHFTH F €AMde 19
Z7o] HYjHoZ YAslEg o7]d Y/ EL
v WgAoldosl, @AR oY W& FFH
AN & de T2xddAle B8 v gl

223G T 60T oldlMe A9 FH3A &
o 10T ZAME & A2k AdS XA
£ otk #Al o] dvrt H3 e 23 EAH
F& 7l At Aol $8E ol4ske YA
F{EFREEE) O 2, prococcus®, pyro-dictium, L
2) 3. thermoproteusds Fol YR, o F
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pyrococcus® el G7t A2 @3] AYPHI U
o] AFAH &8 pyrococcuse BAYENE +
T4o2, A% E o738y FAE TAHHEA
A&ty 8o}, Pyrococcus®?l Pyrococcus
horikoshiiz &&= 2 Y7t 75~104Co| 2,
genome size’} 2,000 kb, GC§ o] 41%0] 1,
Pyrococcus furiosuse &S 27F 75~105Col 3,
genome size7} 1800 kb, GC§Hago] 3B8%olaty &
A it} ol Sulfolobus acidocaldariuse 7443
stoll 60C~NTe P M Aete 3714 342
Aoz g A

YaA 23 AE Aisle tAE9
AN dEoE FLqM QX Fe JiFRAEE
AFHow =AY & e FFEHY (N-7-
nitro-benz-2-oxa-1, 3-diazol)aminohexanoylS #
A7l Q1A A 1-hexadecanoyl-2-((N-7-
nitrobenz-2-oxa-1,3-diazol) aminohexanoyl) -sn-
glycero-3-phospho-choline € 7132 ARR3l? X%
39X #FQ Pyrococcus horikoshii®t Sulfolobus
acidocaldarius®l] phospholipase A:¢] &A1& #2113}
22 B AFE A ST

2. alEdY

a) iE 9 Alet

AN&: 2F3EA Y Pyrococcus horkoshii (JCM
9974) ¢} Sulfolobus acidocaldarius (JCM 8929) 9] &
Fv JEo|FATA(HAAEHEN (2174-8
-, The Institute of Physical and Chemical
Research, 4 AlelElvld (A& HERR) 20
Jer) AR elA] 1998d 1€ 2996 FFgo} ALg-
3 Th

Ak, 837129 1-hexadecanoyl-2-((N-7-
nitrobenz-2-oxa-1, 3-diazol) aminochexanoy!)-sn-
glycero-3-phosphocholine= SigmaAte|A] #1383
3, UV-§471& 744 7189 1-decanoyl-2-(p-
nitrophenylglutaryl) phosphatidylcholine2 o4&
7ol g3ty ARS-3%th & Wako Chemical#| 9]
L-a-lysophos-phatidylicholine -y- decanoyl (LPC)
o] 72 mg, glutaric anhydride 320 mg, Ez&]o|& o}
%l 043 mL3} A% tlF22Mee vpigd A
oo 713 o] AL 40CH block heaterel A 3}
29 Wk A7k HEAAEL slicic column (W)
7 16 cm, slicic acd: 25 g)oll FRAAA 22
Zogto 2 EeEE 98 AAY E2EXE
/oNEE/ B/ EA (65 1 30 ¢ 12 @ 3, Huju])g

Rt eari

AM89 (150 mL)E &% 1-decanoyl-2-(p-
nitrophenylghutaryl) phosphatidylchdineE =43 A 3}
o ARE-EATE Gl2E28 7lFAZAE Sigmaite)
L-a -phosphatidyicholine-dipalmitoleoyl, L-a -
phosphatidylcholine-g-palmitoyl-y-oleoyl, L-a-
phosphatidylcholine-dihexadecanoyl, L-a -
phosphatidylcholine-distearoyl, L-a-phosphatidylcholine-
B-oleoyl-y-mynistoyl, L -a-phosphatidylcholine-f-oleoyl-
7-palmitoyl, L-a-phosphatidylcholine-B-linoleoyl-y-
palmitoyl, L-e-phosphatidylcholine-8-arachidonyl-y-
palmitoyl3} L-y-phosphatidyl ethanolamine-8-cleoyl-y-
pamitoyle] AAAE AHE3H Y, AHZY 7A=
A& DL-e-phosphatidylcholine-#-palmitoyl-7-O-
hexadecyl, DL-a-phosphatidylcholine-8-oleoyl-y- 0 -
hexadecy], DL-phosphatidylcholine-dihexadecyl®] <1A]
2 (BiomolAl, Plymouth Meeting, PA, USA)& AHg-
set. vl &8 WA= Difcorts] AEE, Yt F
7NN L Al BE BEFAYLE P 2
HPLCE &1le MerckAre] 2-& AME-3 o)

b) &Y

1) Pyrococcus horikoshii®l AujeF®; 29
135 g, NaSO« 4 g, KCl 07 g, NaHCOs 02 g,
KBr 01 g, H:BOs 30 mg, MgCL-6HO 10 g,
CaClk 15 g3 SrCk 25 mg& FF4 1 Lol Zolx
o 7le) resazurin €9 (02 g/, Sigmarl) 10
mL, yeast extract (Difcorl) 10 g9} bactopeptone
(Difcorl) 5 g& 78t €33 %o pH 68E =4
g F 120CeM 1587 7ipd@stach ool
100CeNA} 33e) X AE Y4 FHELE 02
%A 7F8t Iexe] AAvtAZ wAE YA
AE 2 RS, resazurinX Zto] F AN oA A o]
g 713 NasS - 9H0 +89 (02 g/L)g kg
A 7atRA REINE v FY] AMAE 3] A A
sk A7]o) & Fasty BTN 547 1)
gt T, wjgdg 3000 rpme] HAEFZAA F
Z&4 o (Tabke 1-a).

2) Sulfolobus acidocaldarius®] FA|uf<¥™; wjx]
ZAL ZF5 5 L9 CaCk (04 g), MgSG (125 g),
KHPO: (14 g)9F (NH)SOy, 65 g5 [0|3, o7)
o] yeast extract (5 g)9} sucrose (10 g)& 7}sle
A3 T pH 258 2T F, 120°CelA 1587
7IA73dn. 58 Hadte 7B5CoA 39zt
371302 w3t widalE 3000 rpme] YAE
2]71elA sttt (Tabe 1-b).

3) SuA 8 ¥ASeaba A9 HA
gAeg=g EfgdAds dAA

P ESE
HAE

-264 -




Vol. 16. No. 3 (1999)

Table 1-a, Ingredients of the Medium for Culturing P.

horikoshii
NaCl 135 g | MgCk. 6H:O 10g
CaCk 15g | KCl 07 ¢
NaHCOs 02 g | H:BO: 30 mg
SrCh 25 mg | Yeast extract 10 g
Bactopeptone(Difoo) 5 g
Resazurin aq, solution(02 g/L, Sigma) 10 mL, Water 1L

The medium was adjusted to pH 68 and sterilized at 120C
for 15 min, followed with addition of 0.2% of sulphur powder
(dry-sterilized 3 times at 100C) under a stream of N Na,S.
9H,0 aq. solution (0.2 g/L) was added to the medium until
the medium color disappeared. The medium was cultured at 95
C for 5 days.

Table 1-b. Ingredients of the Medium for Culturing S,

acidocaldarius
CaCt 04 g MgSO« 125 g
KH:PO« 14 £ (NH4)2SO4 65 g
Yeast extract 50 g Sucrose 10g
Water 5L.

The medium was adjusted to pH 25 and sterilized at 120C
for 15 min, The medium was aerobically cultured at 75°C for
3 days.

(kcithin) & 7132 AM-3lS A7) 2 dFolA 25
Aot ¥2xmkA) A9 BHdRE ZARBIYY
A B HALE 2z o 3~4 mgE v}
Agd Addol &713, 100 mM Na-cholate 84
ImL9} 20 mM CaCk89 1 mLE 7isik & &%
39ty ©HAl P honkoshi®} S. acdocaldanius®] )
€ 10W2 3N "Herd £ 210 mLE i3t
BCAA 12A7F wHgAIZ T SN ES €28
TEo = 243l TLC HA s F22XE ¢
e @ B (65 25 : 4 oy EFgLdz
sty HARY 7R E ARG E E
2&H Q1o 7 ES FH% TLCHE AN
i ERRXE ¢ OMHE R (M55 05
Fou)) o g Asfdte) $AXAY st A1 E
A5

o2 Awite] AN AR 4% 2
AAE AMR-Se 2 ] 2T mhA] A9 A4t
ogrg =z &, L-a-phosphatidylcholine-8-
oleoyl-y-palmitoyl, L-a-phosphatidylcholine-g-
oleoyl-y-stearoyl, L-a-phosphatidylcholine-g-
palmitoyl-7-oleoyl3} L -a-phosphatidylcholine-g-
linoleoyl-y-stearoyl & Z+7z} 2 mg¥ #H3kd 2 mL&
Eppendorf viale]l 713 <«§7jo] 100 mM Na-
cholate 40 gL, 20 mM CaCl 100 4L & 7}3lod 2
E339t A P honkoshi®t S, acidocaldanus®)

23 ¥4 ol A48 phospholipase Aso} B8 47 3

4AE 1002 3 HEg 49 05 mLE 738k
T5CAHAA 12417t kA ) WA BoA] o]a
Seo 2 5 FIYAAYIE wAAH 233
of 2 24E& GCE BA3Y )

4) §BEAH} UV-F-EF0] Bx9 7189 ¢
S XAFYTA] A0 FAHE? | whgA] 71
9|8 acyl7]g AHE HA3E7] Ao, 712N
33849 NBD (NBD ; N-7-nitrobenz-2-oxa-1,
3-diazol) & HA]A]Z1 L-e-phosphatidyicholine -8-
(NBD-aminohexanoyl) -7-hexadecanoyl (Fig. 2)
UV &3%& 713 pmitrophenyld EAANZ  1-
decanoyl-2-(p-nitrophenylglutaryl)
phosphatidylcholineg 71d 2 Al&3Qt}. L-a-
phosphatidylcholine-8- (NBD-aminohexanoyl)
-7-hexadecanoyl®} 7]1& 3 1-decanoyl-2-(p-
nitrophenylglutaryl) phosphatidylcholines] 713-&
A8t Tl

NBD-PC ; 1-hexadecanoyl-2-[N-(7-nitrobenz~2-oxa-
1,3~diazol-4-yl)aminchexanoyl}-sn-glycero-
3~phosphocholine

CHz O-C-{CHJu CHa

. 2N\
| o § )
CH- O - C - (CHa)s - NH- ~NO,
u <>
[
o CHs
CHz- O - P-O-CHCHN'CCH3
! CHs

NBD-acid : N-(7-nitrobenz-2~oxa-1,3-diazol-4-yl}
aminohexanoic acid

NH(CH2)sCOOH
{
PRV AN
o]
S Ny
Ny

Fig. 2. Structure of fluorescent substance-labelled
supstrate,

5) HPLCel| 93 HFEX MAHEL AW,
HPLC® AX= Hewlett-Packard model 1050019
on ZYE ChromSpher™Cis (100X46 mm, 3g¢
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m, ChromPack, Boerhaaveplein, the Netherland) &
AHS-Et9 Y. A&7l Hewlett-Packard model
1046A 9] programmable ¥2H&712 o793 3
ZAEH3E 77} 40 nm3} 510 nmel] 23 st
AN S22XE/MTL/E/ I EA (500
D250 145 1 45 Kuu)) Egel g ARgER o o)
4 §4& 10 mL/mine}g.o.H, 130 Alge] F¢
F& 1~5 oYk

6) Ca™ol ogt A3} A¥”: 712 20 mge)
L -a-Phosphatidylcholine-f- (NBD-aminohexanoyl) -
r-hexadecanoyl, 100 mM<2] Na-cholate 40 #L.3} 20
mM¢e] CaChk 4048 Z+2} 2 mL4§ Eppendorff vial
o €713, &7)¢) 1008} 34T FAEEN 05
mL3} 20 mM9] CaCb8 YA F (0,10, 20, 0 ¥ 40
HL)7F8te] Catoll &3t o] AA o] A3 BB
ZAFSIA T}

7) A 49 Awat 2498 BR-HEE
Yol et AAlEA & 7 whg EgeM #
YA EYE o)AV 35Eld, TLCE
FHAREE &3] Balsidd TLCY faA4
A EE UxdE Fo] Bol 25 mLg 3¢ &
230 &7 g Ai-toldolgla (50 @ 50, B
o APitE &3l 10 mL v €3 A
ool 713, A7]e] 005% BHT-84}+ (100 A.)
€ 71 ¥ FAVIFEAM 5539 ) AnE
ol 14% BF:-"e&b& 3 mL& 718t 70°ColA 5%
ZF AIFY o7le] A4 3 mL)# $FF 3
mL)E 7}8te vortex mixer2 & 4L H AW
Heo A28 YAEoF o|gAl7| T, BSd o}
Al 4 3 mL)E 713l BEshe 24 v do)
ZH2E A3 Yoz Iyt 2L ¥
AEoA At e AHEZE e RS
Flois™ ZHgol FAA# "4k @ olHE (9 : 1,
Fou)) o At gl 2u 28 ¢35 Badt
Aot. 4771 Hewlett Packard 58901
capillary gas chromatographo]glo™, o] mw ARg
3 Zy-& Carbowax 20M7} =29 fused slica B
H (25 m X 002 mm, id, thickness 25 m,
Hewlett-Packard, Orlando, FL, USA)olgdt}. &d
2EE 175CY 387 #$A8 £ 205C7A 4C
/mnZ FEAZAL, 05CAM 02 o §A &
£ AA3A YT (injection port) 9t HZ7
(detector) 9] &%+ 20CHoH, AM-3l= HE7)
© flame ionization detector (FID)ol® X ©]F A4
Wb (carrier gas) 2% HE ARE-8lgTh

REmRarE

8) HHLE A, 71W2AM 20 pgd] L-a-
phosphatidylcholine-g- (NBD-aminohexanoyl) -y-
hexadecanoyl, 100 mM¢e] Na-cholate 40 L3} 20
mM¢®] CaChk 404.& E33, 7|9 Pyrococcus
horkoshi & Sulfdobus acdocaldanus®] a3 34
o (1 mg/mL) 400 A8 H7teich o] EFAL
ARG MR (S addocaldanius®} 7 9ol &= 75C,
Pyrococcus honkoshii®] 73-¢-¢l= 75°C, 85°C, %5C ¥
100C)o A Ztzh 0E WAIR & dgoz g
ZEAFT WgE whgde F22 ¥ E/d g/}
HEL (10 © 20 : 06, ¥Hu)) 9] EFYL 78},
A 09% 494 (pH 2002 2A) 125 mL3} 4
E22WY 125 mLE 75t £t o] kg
A4 EE 5000%goll M 587 AR F B39
A€ WYL S (H714903)¢ ALIF5
A ZAZAZ F, LS 2004.9) g 3o 2
5 W& HPLCH 13] ¥MA 82 AL

9) #2 pH ZAM; L-a-phosphatidylcholine-g-
(NBD-aminohexanoyl) -y-hexadecanoyl 20 pgoi
100 mM®] Na-cholate 40 #L.3} 20 mM$] CaCLg-l
40 W& 7¥st] F EGF ¥, o719 Pyrococcus
horikoshii <= Sulfolobus acidocaldarius®] 4 3
49 (1 mg/mL) 400 A& H7}8Qrh o] TP
o] Trs buffer8g 713t vi=l9] pHE 60, 66,
72,76 % 822 2W 8o (S, acidocaldarius®] 7%
ol pH 12, 18, 253 35) 95CoA (S,
acidocaldarius®] 73%-ol 75C) Z+zt 0pE7F vkg
Al F dEoz YA Y 99 ‘HFHex 2
AFolA g e Moz izt wrgoelx Fg
¥ YHES Y5t HPLCE B4 8yt

3. Wy

Pyrococcus horikoshiis} Sulfolobus
acidocaldarius®] @AW %, Pyroco-ccus horikoshii
8 ZAfde 47 AFT wiA o] 100THAA 334
AA 29EAE FHEDE 02 %EA M 3 2
£xd AA7AZ WAE ¥4 duEs dsy
NasS « 9HO 89 (02 g/L) 2.2 &3t v Fe
AL AR AASK T (KA ¥ resazurin] 2
o] PN FMo] & w71x] LN et
A). o71e) Pyrococcus horikoshii #5& HE 8t
BT i FrIoNA 5U7 WAt o) FFE F

B2S duAdez olg3y F3ristaE
HEFoZ WYF 4T f3eas] JNE =2
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Choi

PC

Fig. 3. TCL Chromatogram of the Hydrolysates Derived
from Lecithin by Lipolytic Enzymes Excreted
from P. horikoshii and S, acidocaldarius Cell,

Culturing conditions were described in Experimental
Adsorbent: Kieselgel 60F

Developing solvent: CHCL : methanol @ HO (65 : 25 :
4, by vol) Spots on TLC strip were visualized by
spraying of 50% sulfuric acid and chaming

1' : hydrolysates from S. aadocaldarius cell suspension

(10 mL)

2" and 4' : hydrolysates from P. horkoshii cell suspension
(5 mL)

3 hydrolysates from P. horikshii cell suspension
(10 mL)

PC  lecithin, LPC; lysolecithin, Chol: Na-cholate

& Ao, WYy AAst Fe 2L Hurt
o] B Fde e 4AAF g2y HA
o2 FIYHAUL. o] widdE 3000 mme] AR
27194 stk $¥ S aadocaldaniuse 75C
oA Z713 FejollM & Aster JAF #3
H2E Q3R Ysirh

Way ¥23uAe A, 3 mge EATE
923y (L-a-phosphatidylcholine-f-oleoyl-7-
palmitoyl) 3 100 mM Na-cholate 40 s & X33
L9, P. honkoshii®} S. acidocaldanius®] 8%
A& 74z} 05 mLE 7}8ted 75°CoAM 1247 whg-
At o] whg-Alg TLCo| spotdte] E22XE/

23 947°] A48k phospholipase Ao B AF 5

He&/8(65 : 25 : 05 Fu)E AN P
horkoshii®] 3 WAL H7He Ao B=-
¥2REdEdY 4L A & Aoy, S
addocaldanus®] ¥ dEdE 713 AYPolrMe &
A% £ AN (Fig. 4). EFZFPAZ= Egg
AL 71A=Z 3o 47 2 259 EHYL Yo
4718 e 2702 A BH] ARE ZA}
st Fig. 5914 B ule} 2ol S addocaldanus
o] FHE F& AYZAA fFeAgAte] EAFL
Z o] #AdM e At BuHL JSS & F
Ao, 28Y P horkoshidt #) HEr)S 3 7hst
AP FiMe FNEHAZFE S/MAAE Bt
oA feAate] £ $98 4 i F
P. honkoshire ¥ 22X 294 AE Fushd glA
v BuEtA] Rae R Zgken, uike) S
addocaldanus®] A M E EFLAUL B sle
g opAe] A7t AFHR oW, EAX A Ag)
#4428 Holx pH 15~359] HHdAMe QAR
ket

TG

FA

1 2

FA 3 4

Fig. 4. TCL. Chromatogram of the Hydrolysates of
Triolein by Lipolytic Enzymes Excreted from
P. horikoshii and S, acidocaldarius Cell,

Culturing conditions were described in Experimental

Adsorbent: Kieselgel 60F

Developing solvent: CHCL @ acetone :
155 : 05, by vol)

Spots on TLC strip were visualized by spraying of

50% sulfuric acid and charring

12 & 4 : hydrolysates from P. horikoshii cell

suspension (2, 5 & 10 mL)
3 S. acidocaldanius cell suspension (5 mL)
FA: free fatty acid, TG: triacylglycerol (triolein)

methanol (94
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vrEMME9| Z4E @ L-a-phosphatidylcholine-
B-oleoyl-y-palmitoyl, @ L-a-phosphatidylcholine-8-
oleoyl-7-stearoyl, @ L-a-phosphatidylcholine-8-
palmitoyl-y-oleoyl#} @ L-a-phosphatidylcholine -
B-linoleoyl-y-stearoyl®] 4 71AolA] Z}zte] 2 mgH
2313, o§7)9] 100 mM Na-cholate &%} 40 4L, 20
mM CaCl. 100 p#L$ P, horikoshii$} S,
acidocaldarius®] ## 849 05 mLE& 7}3le, 75
CollA 12417 kA AT ol fejd Agate
ZAE 7t AEnEaEE B4 A58 Y
Table 23 2t} &, P horkoshi®] 3 & ¥ 4
M e FAAGA] HAEHUA2Y, S
acidocaldarius®] Z$-oll= FAHAte] HEEXA
¥stth = P honkoshi®l 4AE Wol A4¥% 4
A2 By 71d OF @A "u]EAE (palmitic
acd) 3 94T (okic acd) o], 71 @A 2 el=
At (stearic acd)3} &dlite], 2] 71F @A

Table 2. The Composition of Free Fatty Acid
Liberated from The Substrates by Hydrolysis
of Phospholipase A in P, horikoshii and S,
acidocaldarius Cell (wt.%)

Fatty acid
Substrate P. horikoshii . acidocaldarius
L-a-Phosphatidylcholine-8- | Ciso  48% | not detectable
oleoyl—)‘—palmitoyl Cias 50%
others 2%
L-a-Phosphatidylcholine-f- | Cs1  47% ”
oleoyl-7-stearoyl C18:1 49%
others 4%
L-a-Phosphatidylcholine-f- | Cso  50% "
palmitoyl-7-oleoyl Can  47%
others 3%
L-a-Phosphatidylcholine-8- | Ciso  49% ”
linoleoyl-7-stearoyl Cez 47%
others 4%

Each of cell suspension (05 mL), substrate (2 mg), 100 mM
Na-cholate (40 #L) and 20 mM CaCl; (100 ul) were
transferred into a 2-mL Eppendorf vial and then vortexed. The
mixture was kept at 75°C for 12 hrs.

Ciso + palrm'uc acid, Cuo : stearic add, Cusu
Ciez 5 linoleic acid

: oleic acid,

2Hol2 A3 2}3A (lindleic acid) 0] 2tz Ael 2
S HEE ANHUTE ¢ F AU (Table 2).
S, acidocaldarius®] 2SN & % Qe v} 7
o] B5CAA FAIZF WS ME QAW opd
(acyl 717} v&AF o2 {84 Ygeve A&
o 4 A9tk 23y P horkoshii cellolv ¥42X

REMCERE

oA Ast TAX A At FEIHL YeA,
olUd old7)e] o]Fo] dojut $9) 2 HAF o
L 3 Ead 9ty sieRaisHe R ke ¢
T itk

Y4EA 9 UV-#5-E84=2 A4 7149y 9
$, 71424 #3532 NBD (NBD : N-7-
nitrobenz-2-oxa-1, 3-diazol)€ X A|AjZ] L-a-
phosphatidylcholine-8- (NBD-aminchexanoyl) -7-
hexadecanoyl® UV &3 % & 713 pnitrophenyl8-
¥ A A7l 1-decanoyl-2-(p-nitrophenylglutaryl)
phosphatidylcholine-2 71d & A3, L-a-
Phosphatidylcholine-8- (NBD-aminohexanoyl) -y-
hexadecanoyld 7142 AME3 A4l Keusrs
of dh¥el] uwiet AAS% 3, 1-decanoyl-2-(p-
nitrophenylgutaryl) phosphatidylcholine 2 7132 AL
3 73-9ole Washbum®9] Whiel] wal AA)sk%
o} o] weAy} EA e 7183 WAe 713

MBD-acid

MBD-PC

AN

$ I
T 1 T 1

0 4 8 12

1é(min)

Fig. 5. HPLC Chromatograms of (N-7-nitrobenz—2-oxa—
1, 3—diazol) amino—hexanoic acid (NBD acid)
Liberated form L-e—Phosphatidyicholine [NBD-
aminohexanoyll-y-hexadecanoyl, a Fluorescent
Substrate, by the Reaction of PLA: in the Each
Fraction of P. horikoshii Cell,

Column . ChromSpher™Cy (4.6mm X 100mm, Chrompack,
Netherland)

Solvent : CHCL/MeOH/H:Q/acetic acid (500 : 250 : 45
: 45, by vol)

Flow rate : 15 mL/min

Detector . fluorescence detector (ex. 450mm, em, 510 nm,
Hewlett-Packard 1046A)

Injection vol ; 5 uL

NBD-acid : (N-7-nitrobenz-2-oxa-1, 3-diazol) aminohexnoic

acid

NBD-PC : L-a-Phosphatidylcholine-g-{ NBD-aminohexanoyt]

-7-hexadecanoyl
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o 3L ¥ol7] A3l Nachoate® H7H8ld
t}. Kleuser5-9] Wi HPLCY] 93l A}71e] &
F71A3 2 JMEESAEE o YBd et He
she el of FFIAL B~105TA R
7 RAIAT HBEAA QR 7} dojur] gl
YPa2Aoz LYoz YHA TA¥IH
Ao HEA APHE & F AN (Fg. 5).
iAol Washbum e+ 100 mMel Na-cholate
100 A& WH3-8-o8 (600 A.)o] 713l A 714 o)
Hgazoz Besnz (olv} Na-cholate & 3
7Hell 9@ whgAo A}t 7 fEo
ol A7), 1-decanoyl-2-(p-nitrophenylglutaryl)
phosphatidylcholine2 WdA I AXuA A0 &
A ZHde FAHFEGT BHEHATY (data A ).

F2¥RA A9 JFHL2x, HA pHY Ca‘of
g AN, 28299 HHLEE L-a-
phosphatidylcholine-f-(NBD-aminohexanoyl} -7-
hexadecanoyl 20 & 71AZR 3} AR A
Pyrococcus horikoshii= Fig. 6914 BE ups} 7o)
BCAM a28Ao]l AY E}hoH, o] XA
2L 100%2 A 75°CAA 29%, 85ColA]
48% 183 105CoA 67%2 EAEAL Bt
% Pyrococcus horkoshiidl A 348 T AX e 9hA|
A8l H3A pHe 67~72 olATt (Fig. 7). ¥
Sulfolobus acidocaldanust 75°CelA wix| 2] g7}
A kot 4719 713 MR EA B

120

8

relative activity
23

w
o

0 - —
75 85 95

105(C)
Fig. 6. Optimum Temperature of Phospholipase A: in
the P. horikoshii Cell.
Enzyme source . 400 #L(lmg/mL)of diluted cell
solution{1 mg/mL) of P. horikoshii
Substratr : 20 pg of L-e-Phosphatidyicholine-8-
[NBD-aminohexanoyl]-7-hexadecanoy!
100 mM Na-cholate : 40 4L, 20mM CaCk : 100 4L
The mixture was vortexed before adjusting to pH
72 and 15°C then kept at 75°C, 85C, 95°C, and
105°C for 30 min.

Z23594a°l 443 phospholipase A-o} B3 A3 7

20 +

10+

product{z mol/mg, protein)

—t

60 66 72 78

8.2(pH)

Fig. 7. Optimum pH for growth of Pyrococcus
horikoshii,

Buffer . phosphate buffer

Diluted cell soln. (1 mg/mL) : 05 mL

Substrate (NBD-PC, 100 #g/mL in CHCL):100
#L.(12.95 nmol)

Na-cholate (100 mM in H:0) : 200 pl.
CaClk - 2H:0 (20 mM in HO) ; 40 4L

Reacted in a block heater set at 93°C for 40 min

o} o]¥ Az Kosugiol 239bs g8y T
yr3-fo]l 20 mM CaCk9] %g Z7HA7|H wkgA
B Fo] Frtshe RoZ Bo} o] HAE Ca*
&3 A2 ALY (data A=),
2yl A0 71AAEY, o] FAde E
&3 2 EgFYAzzde Feste g
HAl= 223814 93tk L-a-phosphatidylcholine-
dipalmitoleoy!, L-& -phosphatidylcholine-§ -
palmitoyl-r-oleoyl®} 7Z+& I AslE|ld ZYdEAE
AAlEle ¥ Aneld oghgolyl, ¥AEIY A
¥ E29EY o|xAl g e FYHME-AXES
b sen, £3) FEME-AXAgM o}
2}7]1 &4} (arachidonic acid), @AY 2+ BX
3} A Abe) dhste] MEgAyo) Egich a2y} DL-
a-phosphatidylcholine-B-palmitoyl-y-hexadecy!, DL-
a-phosphatidylcholine-g-oleoyl-y- 0 ~hexadecanoyl,
DL -phosphatidylcholine-dihexadecanoyl®} 7Z+& a-
WAE B-HA T a9} B 2 $iRo) =AY
£ 7K AAHoe LA £33 AL & &

A,

4 dE

FAATQ Pyrococcus horikoshii$}y  Sulfolobus
acidocaldarius®] 2 @ZoNA TAX A A.s] A
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1. Pyrococcus horkoshi= B4 8714 (obligate
anaerobic) . Z 105°CoA & Ao} 60°Co) 3ol
Me AtA] ¥sten, E Atagide ouxife

EU4HY %S 87T wAdg

Sulfolobus acidocaldanius@3-+= AR 9 AEEAE
233 AR (pH 25)9A 3714 A3 A
AAstged, 3 Lxe 75Tl

2. Sulfolobus acidocaldariusd 9] Yol =
oAzt St Eg]FAzize 2Ly
& 7hrRel s 9, Pyrococcus honkoshii®) %
AL ELAE HEsistA £3iact 3
B Sulfolobus acidocaldariusg-3¢) W& 1082
&3l x FHolx pH 15~359 HYdAe ¥A
E oA A9l EAE HQT F Aoy, i
Pyrococcus horkoshiigt 2] @gdoflMs X2¥ g
A A.7b EAEIS AT

3 XATAA A0 FH|GEE A= A
25+ 7142 1-decanoyl-2-(p-nitrophenylglutaryl)
phosphatidylcholine& &AL ¥ & 224
ME gkbgFol fA 2=y, §FEHA N-
7-nitrobenzo-2-oxa-1, 3-diazol& ¥ § 7]39) L-
a-phosphatidylcholine -g-(N-7-nitrobenz-2-oxa-1,
3-diazol) aminohexanoyl-y-hexadecanoyl & WHg-29)|
222 FIEAY R olFe] YojuyR] Yol B
Aol 7IA2A vj$ FgsAch

4. Pyrococcus horkoshiztFol|A d4& T AXE
oA A2 A pHe} 2%+ 742t 67~729 B~
105Ce|gem, Ca™ell 9oty BA3 HAU &®
o] XAX¥TA Av FHAHE-ARAQY AN
EY Y x2uEY oehgolnl, IANEY A
Ast ¥2A0EY o|eAEE iR Egen, =
FAEY A UM olgdlE4t 2EAta
Z2e BIZAYL AeAde] Egiol 28y DL-
a-phosphatidylcholine-#-palmitoyl-y-O-hexadecy],
DL -a-phosphatidylcholine-g-oleoyl-y- 0 -hexadecyl,
DL.-phosphatidylcholine-dihexadecyl$} 7+2 a, 8-$)
ol qHZAH-S 7H AR W= ZE3A] £3
2SS G F AT

HAl 2

29T E 197dx 28E A E3IEF ol 3
A7 (FANE I7-H-2)o] o5t 34
A7A e dFoln, Ares Z&E FAA "13‘1
oA ZAME =yYt) gl o] a7 g%
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Summary

We checked the presence of phospholipase A.
(PLA.) which could split the ester bond at the position
2 in the glycerol backbone of glycerophospholipids,
in the cells of hyperthermophiles of Pyrococcus
horikoshii and Sulfolobus acidocaldarius. The
results obtained are as follows;

@. Pyrococcus horikoshii cells were grown in
obligate anaerobic conditions at 95°C and they
needed sulfur as energy source instead of oxygen,
while Sulfolobus acidocaldarius species grew well
in the aerobic medium (pH 2.5) containing yeast
and sucrose at 75°C.

@. Pyrococcus horikoshii cells produced
phospholipase A: in the cell culture media although
this species did not show lipase activity at least in the
pH range of 1.5 ~ 3.5. Sulfolobus acidocaldarius
cells produced lipase hydrolyzing triacylglycerols such
as triolein, but did not split any kind of phospholipids
used as substates.

23 YA o] A4 8he phospholipase Az B8 AF 9

®. The compound of 1-decanoyl-2-(p-
nitrophenylglutaryl) phosphatidylcholine was not
suitable for a substrate in this experiment, though
frequently used as a subtrate for checking presence
of phospholipase A, for its decomposition in this
experiment. The L-a-phosphatidylcholine-8-(N-7-
nitrobenz-2-oxa-1, 3-diazol)aminchexanoyl-y-
hexadecanoyl labelled with a fluorescent material, did
not show any migration of acyl chains in the
molecule during the reaction with phospholipase A.
under a hot condition.

@. Phospholipase A: in the cells of Pyrococcus
horikoshii, showed the optimum activity at pH
6.7~7.2 and 95~105°C, respectively, and was
activated by addition of calcium chloride solution.
Andthe phospholipase A. specifically hydrolyzed
glycero-phospholipids such as phosphatidyl choline,
phosphatidyl ethanolamine, phosphatidyl serine and
phosphatidyl inositol, but could not split
phospholipid containing ether bonds in the molecule
such as DL-a-phosphatidylcholine-g-palmitoyl-y-O-
hexadecyl, DL-e-phosphati- dylcholine-g- cleoyl-y- 0 -
hexadecyl, DL-phosphatidylcholine-dihexadecyl.

- 971 -



