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HOST LIPIDS IN TUBERCULOUS INFECTION

I. Phospholipids

Eiko KONDO* and Koomi KANAI

(Received for publication August 23, 1980)

In view of the recent progress of lipid chemistry and membrane biology, a brief survey was

made of the literatures demonstrating or suggesting the role of host cell lipids in tuberculous infec-

tion. As the first part of this review, dynamic aspects of the membrane phospholipids in macro-

phages, lymphocytes and granulocytes are discussed with particular reference to their phagocytic

functions and immune response. An additional statement is made on the biochemical and biological

significance of lung surfactant (dipalmitoyllecithin) with a prospect that it might have to do with

the infection.
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Table 1. Percent Distribution of Main Phospholipids in Phagocytic Cells of Various Origin
Rabbit Mouse i Guinea pigs
Phospholipids ;Normal* FCA -sensitized ** Normal*** | BCG-sensitized *** |_ Normal**
Resident alveolar Resident S&Sﬁg; Resident Sﬁistexlcr;i ipﬁ?iﬁﬁgﬁfnulfggar
macrophages PEC PEC PEC PEC i leucocytes
Lyspphospholipids 17.9 17.6 12.4 5.6 12.1 13.5 0.6
Sphyngomyeline (Sph) 10.0 13.5 14.6 19. 4 32.3 32.9 18.7
P h?f,fg?)a“d‘/kh"hne 36. 3 32.8 36. 1 35.7 33.0 21.5 33.5
Phosphatidylethanol-
amine (PE) 18.8 22.7 29.0 20.0 16.5 11.6 32.0

These data are simplified from the original ones of *Huterer and Wherrett”, ** Mason et al.® and *** Kondo and Kanai®’ .
PEC—Peritoneal exudate cells; FCA—Freund Complete Adjuvant

Table 2. Percent Distribution of Fatty Acids in Main Phospholipids of Phagocytic Cells

Fatty acids (%)
Souce material Phospholipids
16:0 16:1 18:0 18:1 18:2 18:3  20:1-3 20:4
*Vesicles from PC 34.0 5.6 14.0  22.0 12. 4 0.4 11.2
alveolar macrophages
FCA-sensitized rabbits PE 1.3 1.8 23.0 26. 4 6.7 0.7 22.7
LPA 3.2 1.4 7.1 581 22.1 1.0 7.0
**Alveolar macrophages of PC 48.1 4.3 6.7 16.8 16.7 1.0 0.4 6.1
normal rabbits PE 88 1.0 129 187 9.0 0.4 0.6 247
BMP 4.0 0.9 6.0 46.8 29.1 1.3 0.8 6.4
***Resident peritoneal cells PC 34.3 5.6 17.4 18.2 6.2 5.7 7.2
of normal mice PE 28.6 51 320 10.7 3.6 4.7 9.1
Sph 74.9 2.9 20.3 1.9
#**Casein-induced PC 39.9 4.0 17.3 12.6 12.1 14.1
peritoneal cells of nor- PE 18.8 26 36.5 19.8 7 4 14.8
mal mice ’ : ) ' : :
Sph 50.9 6.2 15.3 16.5 3.5 1.5 6.2
*Vesicles from
casein-induced pPC 29.2 1.7 14. 3 20.0 29.6 3.7 0.4
polymorphonuclear
leucocytes of normal PE 9.1 0.6 29.0 28.2 27.2 3.3 2.6
guinea pigs
These data are simplified from the original ones of * Mason et al.”. **Huterer and Wherrett”, and ***Kondo and Kanai® .

LPA—lysophosphatidic acid from whole alveolar macrophages; BMP—bis (monoacylglycero) phosphate
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Table 3. Phospholipases in Phagocytic Cells

Rabbit phagocytic Phospholipase Opgg“m Stimulated by Inhibited by Location
Ag* 4 EDTA Ca2+ Lysosome
Alveal b Ak { 4 EDTA Ca2* Lysosome
veolar macrophages
Phag : 7.5—8.5 Caz+ Membrane
Lysophospholipase™* 7.5 Deoxycholate
. 5.5 Ca2+ EDTA Membrane
Glycogen-induced Ak { }
peritoneal 7.2—9.0 Caz+ EDTA Granule
leucocytes Lysophospholipase** 7.5 Deoxycholate
These data are simplified from the original ones of *Franson et al.'"'®, **Elsbach'”, and ***Franson et al.*®.

BWTT7 5% NV, VA VER AT7 ) VEBRITh
7h30%, 20%, 10%% 5, PC TX-v 3 5V
0% Thok b5, HEZATT I VE, F VAV
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Wiz, PCImis\ Tk s VBN EICAT 7Y VIR
I 0%, —F, PEBWTIAT T ) VERFIC S
NI FVEEER EEOTWA, FIChD< Y ALKT %
SHEL 4 FEET, DI & DEMFNEFRIEINE
BEicDhdh Liig\ o (Table 2), Huterer & Wherrett?
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ERCEWR DD, 7% FVER, v A VR, 3
FvEEOIET, F & LT PC & Bis (monoacylglycero)
phosphate (ZHR DA Fhic,
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Fig. 1. Phospholipid-associated enzymatic activities as detected
in phagocytic cells and lymphocytes.
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VIEBE DIFBRDBEME X T B Tl 7 s, Wang
b BCG THU LIcKEMa~2s v 7 7~ 2285, &
PRITOEMO S & T CH) + v A vEROR D AAh%
I DBERCITIRO T ERBEL, PV SV 5L FRE
Y VIEEAEROMRGE T &%, T LTT7Y
MMEEFTHRERD 2 ODREBOB T 52 EHREL
7z (Fig. 1 ©(5)),
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BETH D, B Z~T ADME~s7 7 »—2D )
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BT Dtz, LAL, < o DR Bl B
DIRATO BRI, Fhh e REEOMFEITE T
DROB D RABNARE L I HEE L RE I hic, Lich
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osmium % f\ o Ry CER VS OB R REL, in
vitro ICBIFT A= r7 »— oD MIF T & A¥ERE
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WL, PURERTAY 75— e U TRESRD,
FERFHT U TR ZZBITA SRR L TW 5
2%, FEEEL O b DDJFEIC O TORBILHLBIIE S
hHTw5,

Allan & Crumpton?? % LT Ferber 522 [} K D&
ey v osfgd bR s L EDTHHL, v VIEED
B 438+10pg/mg EED BN 727300 £L/mg
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BERLEHL DB, ZLTavATr—A LY VIEE
DENLHITIT 1 THOk, KBV VIEEOXEL LD
% PC, PE, Sph & ) V'L v 5 v (LPC) THoia®,

) VIRERBICBId 2845 & L TIX Ferber & Resch
LOWFENFEETH 5, MEHIFED Y v FRH B\
F4 thymocyte /e ER I, 74 b~NET SAF =V
(PHA) 2 v #753) v A (ConA) @k 57 mitogen
THIEL TV VIREREANOHEL LT3, [MC) =
Y vV EE (MC) v — + D PCAD uptake | mitogen
D TEDbR®, PC IR DRAThIcH VA VER
DYOLIL a fLZFEE L Tz, V VIEBEARICES S %
BEEELTCD Acid : CoA ) F— L &R AKY =K A
R 50 TERIEEIR DM, V) VhAKRY R — €5
PEIZIRAD Lic, 5130 oD PC &R R AR Y 24—
€A DIFEHILC X DY Y vy v okREF RIS
BO7 772 —LLTRIBF7VAMMEEE 2T, VY
v SERO IR AEEES S PC 07k B0 T
5z &ix, PC o de novo DAL L iy LA LPC
B7YMEER LT 5, FE, H51% (Acyl-CoA :
Lysolecithin acyltransferase) ) V'V v 7oL b5 v
A7 =7 — CIEENRAFECHEE T & 2 B 12
(Fig. 1 ©(4)), PHA ik 5 F72KED Y v 52D %
5k ConA TR E e F4 D thymocytes?® 12 33\
TUE, T OBSRIISHIRD 2~ 3 %5 5\ M3 3 ~ 4 fED1%
xR LI, WThoBS LM e T 52 &
Zrotaoh, =3x4¥ @, BAERLLELL
e\, Z DFEROFAMEL S M LIRNEN R, 27 5
* FYERCIRWO T, ) v IRE OREBIRIR OMEH
EHILCFEL T 5 2 EMEZE S h b, FIiz Ferber
BBTIKETRD V) v RER, FE4gofgiEo PC ¢ PE
DIEHBRARAE 7 » FIFDZR S L LB L, IEREY
DY VAR TEREY OEEE M T & e th o
7223, Ty MFDY VIEE & OREIE L, BTSN
REGFMEIIR DD I & & TH O, Tk ik
BEALNILNERED 1-4F VA4 2-313 b -
sn-7"Y &m 3-KRAKRY L) UYRNGERT I, T4

. thymocytes (% ConA T X % in vitro DR, PC o

BLDJEMEE © fAFMC X D REIFID ratio 4% &
0.538 735 0.926 128N L7, ¥ KR Lk BCG
4mg/ml Bayol F @ 0.1ml % 4L, 11AKOELE
TETF Y v Eirh ORI 8 ~ 105 H#inT %, #
WA 517 Z DI oW CRMEIC ratio 2 & 5 &, Xt
BD 2,673 6.2 DEIN% DY, PE COWTLHA
Cfim 2% bivic (Table 4), DL Rkl &
20 VAROEDREIECEIEL T, V Vv Fv Ty
NEFVAT =F—EHBWLY VIEE DRI ERE:
W afrd BN B0 BRI E EIFIOD ratio HITEEE il
ERE U T DT EAVRE IR TV B,
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Table 4. Changes of Fatty Acid Distribution of Phosphatidylcholine and Phosphatid ylethanolamine
in Rabbit Lymphocytes after Stimulation In Vivo with BCG (Data from Ferber et al.?®)

Phospholipids 16:0 16:1 18:O(mol %) ! 18:2 204 Polyenoi%?éiaoturated
Phosphatidylcholine
Position 1 { Control 45. 4 3.4 20.6 23.5 5.4 n.d. 0.082
BCG 41.3 tr 25. 4 23.6 8.3 n.d. 0.124
Position 2 { Control - 37.5 4.9 1.4 17.5 17.3 19.0 0.933
BCG 33.3 3.9 1.2 16.7 25.6 17.5 1. 250
Phosphatid ylethanolamine
Position 1 { Control 20. 6 tr 57.2 17.7 4.4 n.d. 0. 057
BCG 12.1 tr 66. 2 17.3 3.5 n.d. 0.045
Position 2 { Control 16.6 4.9 3.3 17.0 11.6 46.8 2.935
BCG 9.5 1.1 2.5 12.2 18.7 55.8 6. 208

Note : n.d., not detectable; tr, trace amount.

Maccecchini & Burger?® (1) vV J§H D PERHER AR A
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O X 5 A EFIE R OEIA X oT, Ml ZLEER
BN B EEBIEL TV %,

ADBIRILY v BT 52 % mitogen DRHFITDOWT

X, OB CioRE Y vIREC NG TEARE
NBRAT 2 FOAL Y =L ORBIPER Sh T
23, = DRE T-cell mitogen Tig = b, B-cell
mitogen THE I N2 & 53D,
_ Morimoto & Kanoh3? |t e + O RHERERD K IEY
VR G, MR BT B A ) VIRE &
LR TIRL, 27V T4 FE PC BB PE
& DBIREHREL T2,

7r3s, BU v AEREARAKY A= Ay TAET DL,
Erty b buer2-2EHEEEh2 L0 SRED, V
VRERE R AKRY A= A IO CTAET S E, B
offgEre 7Y v (M-Ig) ZRELL S 2 &\ 5HE,
Ty vARO—ICIE T e A2 75 vV B 2T %
veFx—0h b, ThEDERIT 2T c-AMP Ok
A5 L oE®, v FEFmBEROA VI vERE
Y ) — AR SR G VY FVRY VSRR RN
B 23430, %7z, Frye & Friou [l v
v REROMSRECBIL C, Z @ effector cell RE D+ A&
Y 2= A PMERHIN & DEEfRT X o TEELE S A,
ERaE 05 FREZIHET 5 & La Ry, ZOF
BizveFvEo7Frr— 2 THEIRD LW 5 #
&I C ) v SBROREY VIRE & REBLS & OBIER
BT AWMEITYEICIEINL TV 2,

3) SWAMBOU IRELZOHE

Bapo@ACSE L CETHASh s EEMIST
HEERTH D, 0 SRRV TLRKT

HoT, ERELETo oML EML, WMYAEND,
Lo T 0ABRECRGRT 2 S HBAMMROEY
VIEE LEELERE L0,

Y VIR X O DR IR DT, Mason
5O 1L Ey FOHES VERERSEAMKCH
LuifsEs Lic, FEY VJFEN PC34%, PE 32%,
Sph 19% Th B Lz~ 7 v 7 v — P E XLV,
R0Y i ol e b DA NV ANV =311 1 3 o e Sy o
</ m7y—UEDE WL PC L PE &HIZY /-
BEENE L, 7% FVBODNZ ETHD,

) VIEERS s X O e BIET A EERIEEIC OWT
t%, Elsbach, Franson &O-HERIC RE—HOHEN
B, METEE L RGO 7Y 2~ v R ks
LT L b oR AL T 5, JRESEIXMinEk
BD8.7% ThHY, dbY VIRHEHI62%, ItV 7Y
v54F (TG) 22%, aVATr—A=ATA 9%,
Y= v AT w— 5%, WEEEIRTEE (FA) 2% &7
TLB®, (32P) ) vy v (LPC) HaWwik [(MC)
Repsm o A X v, (1) PC-LPC4FA, (2) LPC—
7Y awrkAi)ay v (GPC)+FA, (3) 2LPC—PC
+GPC D 3 2DRIGRIER S h i (Fig. 1 (1) (2)
(3))o BHT Z D (3) D LPC 2 b iEH: PC AR S M BT
PEix 100,000x g 1 WRC o0 B w9, ROGic ATP &
CoA » YE L Lis\s, =Dk 100,000xg TULEL,
ATP & CoA ik T 5 lifila~s »7 7 —vhd PG
MG LR T, (QORINCEST2) Y
VS~ E ORI OFROMER T A Y 2V~
} DT GPC &R T % o & THR S hic, £
BmEREO R Y Y 2T A FIXNETSH ) A—EIZ XD
CHMENB, T OEEEEL IR LPC & PC
A S hic (Fig. 1 ©(5)), Z ORIGERIERE LD
pH 7.8 1Zis\C, e A2 ) A5 v VI phagocytosis
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XD TED b, INBFEE Streptococci DIF{ET
(MC) 727 — + DIFE~NDOE Y AZKRIL, Z D phagocy-
tosis DR CRANCITEE I e D7 FE O R HSE
BRI L, L, FRIZHLWEDORDD Y Vg
BER TR, BLAMNY 7V 2T Feavaya—
N AT T DRSNS 723, 73 phagocytosis
BILC, BRDOMNADNEFRAT 7+ VERE &
A7 7 FONAL = DREE KR L Sastry &
Hokin m#fi540733% %, Elsbach &3 i 3455 ©
REGE Y VIEEZ 7 <L, MEL THEEGEDRAKY
A= EEEERREE LD TS, T MmciioAF
BHEHDPE ERAT7 720270 £r— 1 (PG)HN
GIL, RARY A= Ay OFLE (D) 2R LI, &
fi#, EEES o KB O BRI Ao PC & LPC %
LCTGIE DA F I8 = DHET A AKY =
X A less OEBREOHEHIC I 2TLA SN OTHIL
HRHRDRARY A~ A [FEETH D EHEHTE
T, COREFROE#H pH 12 5.5E 7.2~9.0 D 20D
E—~20H 0, TR Cazt icfkfElL, EDTA =X
DTHER 515, FRKEERYTH B LPC &5
BROWINC IO TLEIN DN, 7L 7 3 v
Mz s &z OMEDRILTEE B, TR OEME: S BERS
EREAL TR D, 0.15N HSO, T X h 5k
EATH D, HETRNXILZ OSEICIIIE S, &b
OB DT @ik 2 Hine Lo BiEE LIEL, Fhb
ITREELARIC W THICES 2 L TH 59, ZDHED
WERECNT AR LBE LW BED—DoTH D, B
IFRZ #D DB BRI 5 EBEBHK B2 5, CM +
77Ty 7 A, SAEREC Lo TEECER SIS
FiE 14,800 DEEMEAXTE,  ORNLHEAIN
FRORARY =% Ay IHEEWE E TN L DT
W5 I EnD, #MilasbBERPICBIT LIS DR
FEELLNICY, RIESATTEED AR AKY A=t
A B S W APTREM S R X B, FAlcb b EL =
v + DAL VFHERS KA MR S 4 PR X
O THIESEC A AR ) =€ Ay JERDOH B %
i, Z DIEMHIIEBEOFETITH#EL, LPC H 5\
RSB DREN BRI E L e b ERIGOES R S &
Ll EERBEL O 5,

4) MOFEMEMEYE (surfactant)

fifi> surfactant &3l FEICEE L CSH-KHER
EHEZERL T2 iR T, FEBL76~85% D
VVIEETH B, ) VIFEMRDT4~87%% 5 B D
X, 2 0DHIEENE LIV I FVEETH D E W
SAT LR LY F Vv TH DT, T DEEEM:
X o TR A TW5 & v B,

Jilik IF RO & 3 B REREGC B\, D) VIEE

W OESeE F1 S

REDREERNFERC OV TR & A ERENRR,
TR 7o BRIk 2 B4 5

surfactant (3 1T & (B &) ofifi F & #1J@ (granular
prneumocyte) IZ XD THEFKI N, HHWEFHShT
WBZENAZRD BT B DO, 2k e
& Z DM I BIRB AL DBIfRAVE DR S h
B o, JURESEANT b T EUNG LAY HE AL
DI HENEEHCES T 550,

DY MUY F Y DEESREREOT ST
FHRBELTED, 2200) VLY HFHOT7 Y LE
7, HAHGIIBT Y AET Y1 2 A DI R
SRTEDY, WTELFRER LD T, BEIREM®
TOXEERBETHZ LRE IR T 5, WRIEHEEE L
TOAL 3 FVEEDEGRICIIEERESFIF Sh b L
559

—75, B OFEMEAZEEMIT D\ T IEHE 7o B AE
FRITEDEEND D 7ed b, GG LA~ D
BZOWTURE LA EHEN SR TR, B O—
DB TEMBEOMALURNC R T, i LE#EE D
LDDHBRNZ UL DIledTHA S NS HEVLED
WL E 2 iAo, T Faulkner b Esterlys®
2N Freund OFEL£7 2 o AV FEAEELLCRE I IC B
W, T EEMREOROMIMND Y, —>DfifaNT
% OMAMIa,PHEL TA LR, £ OREREAEI
My, RESLHL, BIPHANCARDZ & % & T
BHo BMEDHMAHIERS & b e, FEHELLL M,
bovis DREFEDHEL 5 1Hic~y ADffick W T, T
Bk o, SAGAHRL, BREAGH,IEE
EAER LI D Z LR BE L, FCER Lcw oz
REAGOMIATED AL LT, Thrliifa~s =7
7= A ¥ h, [FMHC surfactant DTEFEES L
Wi % tubular myeline & 3, F 7oA, LT~
IRT7 y—CHCALND I ETHBH, Kistler 5560
Jifi b B Ao BRI SR I E LY 5 B aT, R0l
A~ 27 r7 7 — o KED tubular myeline 4 & T
U5, Nicholst® (3 fifi surfactant o ({3} EHE 12 ffifa~ 2
v7 7 —CHBRT SR AE T L, 2 OMas
tubular myeline %IV ikis = L HEHO Y+ T
BT L 5, LT Berman 5 |3 A ¥ h ke
surfactant TH B L I P A ALV Y F VPR AR Y -2
—ETHMREIN, TOEWTHS sn-glycerol-3-phos-
phate ERERRRATE D B BB OHFRIEN TH B acetyl-
cernitine 73 Z DM DEETREL b AT 1R 37 2 Al REM: %
R,

Mycoplasma pulmonis D&Y% 5 1Fic< 7 A2 &
W, fifiv e 5 v OREBIEIEE D SIFE L b, AREFD
HOLNERAT S5 ERWE ST B2, 2 DL
surfactant [ZB84% 4 D THIUL, iOBEREREEIC 237
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