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= Abstract =
Gene Expression of Surfactant Protein A, B and C in
Platelet-activating Factor(PAF) Treated Rats

Jang Won Sohn, M.D.," Dong Ho Shin, M.D., Sung Soo Park, M.D., Jung Hee Lee, M.D.

Department of Internal Medicine, College of Medicine, Hanyang University
and Pochon CHA University*, Seoul, Korea

Background : Platelet-activating factor(PAF) might play an important role in the development of acute
respiratory distress syndrome. Since PAF induced lung injury is similar to changes of acute respiratory distress
syndrome, and abnormalities in surfactant function have been described in acute respiratory distress syndrome, the
authors investigated the effects of PAF on the regulation of surfactant protein A, B and C mRNA accumulation.
Method : The effects of PAF on gene expression of surfactant protein A, B and C in 24 hours after
intratracheal injection of PAF in rats. Surfactant protein A, B and C mRNAs were measured by filter
hybridization.

Results : The accumulation of SP-A mRNA in PAF treated group was significantly decreased by 37.1% and
41.6 %, respectively compared to the control group and the group treated with Lyso-PAF(p<0.025, p<0.01).
The accumulation of SP-B mRNA in PAF treated group was decreased by 18.7% and 32.2 %, respectively
compared to the control group and the group treated with Lyso-PAF but statistically not significant. The accu-
mulation of SP-C mRNA in PAF treated group was significantly decreased by 30.7% and 38.5%, respectively
compared to the control group and the group treated with Lyso-PAF(p<0.01, p<0.01).

Conclusion : These findings represent a marked inhibitory effects of platelet-activating factor on surfactant
proteins expression in vivo. This supports, in turn, platelet-activating factor might be related to pathogenesis of
acute respiratory distress syndrome.
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Platelet-activating factor (PAF)& @&%H89
za8 v oln, AW T e FTHITIL,
F4d A5 n¥GE 84719 leukotriene]
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SEo] A d¥Ao R
z 2 # PAF7} Agdia 4 d&idol &
atdil PAFZ3AE W54 Fo dol ALEst
& Al olF wWslEo] o3l YLy, o]t
PAF= ARDSe9] W¢lol lo] a3 sizixe] &
vz @EA oo,

FAZETTETF(acute respiratory distress
syndrome : ARDS)& 19673 Ashbaugh?} Petty
Zo] g BUF FA| AFREC] 58% ol A=
50-80% <] & AMHES Ho|umgiri?. ARDS %
Aol Q918 takslam, of2fzlx] 71de] olgte] H
= wjeito] gt ARDSe| 7h4 sE8ish elst

d

Zof], HebAe] A4 B njAllA FEef ARE 2
). 337, 4w 2 ®A, prostaglandin,
leukotriene, thromboxane, interleukin-1, tumor
necrosis factor£3} 22 AN vj7iA1Ec] ARDS]
Helo] #ojdls Aoz deiAd Urtk?.

ARDS glolA surfactant8] G B 0|
ok o] ojgo] ARDSe| Wejdelo] FEHe
2 7]odeted 'O HegbAel 2, 18ln $7)eh dRAt

olo] B8 & A3lA7Ith. Surfactant systeme] ®¥
317k ARDS #HiAre] YAkl w7 de opy ARt
a8k $j4 ARDS9] o)A Fa/do2qre] ofn|
2 Bog|M% okdt}. Surfactant system e Yat3
o]& o]x}o]E7td] A3 H7)5E FABkEH A
=3) a8 ok oz, oW HelE surfactantZ
Ho] Heo| Welpaed Azjol] wf- AdE AGE
njx]7] wjFolrt.

olo] Az} & ARDSe 8§ vjpalel sl
PAFE #9] 7|=HE Fo 3 surfactant@¥ A,
B 9 C 12 wdld) tist PAF 9] 3-8 B3]
dsle] B ATE A3t

Mz S Uy

1. &=

Sasco 3FARZ RE P2 300-400 gme
Sprague-Dawley# (Grand Island, Nebraska)Z
A B 25 BU £oAT F B ATE 919 A
3}9t}. Pentobarbital (0.2 ml/rat) & v}gd}dl] 6
ulzle] AA}Y ERFS EF9] bovine serum albu-
min 0.1% £ (BSA) 0.1 ml& FAgE F 2447t
o) 33t a, PAF 500 ng, Lyso-PAF 500 ng
0.1 ml& &z 6vigle] HEANA 7|22 o9 F
2447kl Z4zh A HZ2HE 471 A3 pen-
tobarbital2 wHAlZl & #HE 4T s
Wet to dry weight (WDR)& &43}7] $lslo 3
zZ do 2/3%9E AR FAE FHdrh
mRNAE Zxs}7] sl 500-750 mge] #H=3
£ 10 ml9 solution D (4 M guanidium thiocy-
anate, 25 mM sodium citrate pH 7, 0.3%
sarcosyl, 0.1 M 2-mercaptoethanol)el]l Y& %
Tissumizer (Tekmar-Cincinnati, Ohio)2] high
speed 2 30-60% Tt FA3EIA dry iced] FfAl
—70°C 9] YEHE Bast.
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2. RNAQ| 2|

Chomczynski9} Sacchi'®e] whio] olale =
RNA$& solution Do] #ENo el Helstyc.
S Eppendorf tubeo]] 500 x1¢] solution Dol pH
4.090 50 1 2 M sodium acetateE 7}3he A4
31 % pH 759 0.1 M Tris 2 pH 7.5¢ 10
mM ethylenediaminetetraacetic acid(EDTA V2
@23 & phenol 500 x1& 7FlETh. Vortex@
2 4& & chloroforma isoamy! alcohol 9] H]7}
49 1191 &9 100 ple 713 F ohA] zEkAlZ).
o] E3H&0| Eol2l= Eppendorf tubeE 15% Eot
ol ZEAIZI F 10,000 G2 microfuged 5%
% A2 A AT, 943 (aqueous phase)
<& micropipet 2 2§22 Eppendorf tubed)] &7 %
&% isopropanolg 7}sle] RNAE #7AACH
2ARkel —20°Col FHEAZ ¥, 10,000GA] 5
TEU¢ AAAL. H2A L e BEsy AR
150 #19] solution Deojl 591 & —20°Cof shzu)
F? T2 isopropanol2 A A A)Ac}. 5REH
10,000G2 Y& F AHEL 2 oS 70%
ethanol 2 ¥kale] MUk AHAES A28 & dieth-
yl pyrocarbonate ( DEPC)Z X3 1 mM
EDTA(pH 8)& resuspend &%t} 223+ RNA
T spectrophotometry 260 nanometero|A] Aak 2
stk RNA<9l A (quality) ethidium bro-
mide2 HA3 formaldehyde/agarose denaturing
gel2 Flsle] 23 WA AgE BMoaola] A
9] Al

3. RNA Hybridization Z{44

Ztzte] mRNA<9] Hgkg Aa) RNAS fractions)
Bcytoskeletal actin mRNAg} ##z|o] filter
hybridization Aoz =gy, e SP-
A, SP-B¢} SP-C z}tz}e) surfactant @i o} com-
plementary DNA (cDNA)<] thgt b3 coding

9E Gem 4Zo) 4z} subclone 8T, anti-
sensel} sense B} (transcript) & SP6 RNA
polymerase& o]43le] @Aich. Eipg oz Hy
AFEE2 linealized vector microgram( zg)@ A
A Adol7t 20-30 1 go] EAM L.

0, 0.1, 0.5, 1.0, 2.5, 5.0 ng<] sense EA}H|9}
1 g2 RNAE 65CeA 10-15% denature® 3
Z°l 13 mm nitrocellulose filter (0.45 um in
pore size, Schleicher and Schuell, Keene, N.H.) <}
10 x standard saline citrate (SCC)/50% formal-
dehyded 20 414 7}8tr}. Filter5g 80°C ol A
2A% 799 % 1 M sodium chloride, 10%
dextran sulfate, 50% formamide, 1% sodium do-
decyl sulfate (SDS)& ¥$s}= prehybridization
€& filterd 0.2-0.5 ccFod 56°CA 12-14
A2 50 cc Falcon centrifuge tubeujolj 4] &5
prehybridization &}%Jtt. Prehybridization & 4 x
SCC, 1xDenhardt’s solution, 45% formamide,
10% dextran sulfate, 0.5% SDS, 0.1mg/m] salm-
on sperm DNA¢9] £ol8- filterw 0.2-0.5 cc 7}3+
F 5o] 8457} 5x10° cpm/mlQ) *P2 g2 A7)
#e] o] cDNA probe& 56°C oA £EHA] 17-
2041t #< hybridizationalgir). 2= filters 2
2041 2xSCC, 0.2% SDSEHo = 3M, 65C|
A1 0.1xSCC, 0.2% SDS g0z 3 M3y
ot Filter= E7]%o] wal & scintillation viala
247} Artetgdn. Eol mRNAE 3944 (re-
gression equation)& AM2-8le] FAMZA (standard
curve) 0 2 ] AbEElgic).

4. 95 £

FA8H H7h= unpaired student’s t-test2 A
HET# 2H F3he] mRNA gk AtolollA] srbatut.
Regression equation & Epistat statistical pack-
age(CSCC Statistics Packages Archives, Clarion
University, Pennsylvania, USA) 2 2] 223ty
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Fig. 1. Comparison of wet to dry lung ratio after

Fig. 3. Standard curve for SP-B mRNA transcript
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Fig. 2. Standard curve for SP-A mRNA tran-
script input.

t}. Probability values 0.057|%E §-93F Ro=
wAsr

4 =
1. Bi&del "
Wet to dry weight ratio (WDR )+ PAFZ x|
Fo] 4.89, AAHET 4.95 % Lyso-PAF Bo
4962 BAzFa PAF AT Atelel] BAIEHA

oz o9 e Wshk= filtk(Fig. 1).

2. SP-A, B, C Ztztoff cH#t sense HAMH|(tran-
scripts) &f H4=M

SP-A, B, C Z+zt¢] sense A4 0, 0.1, 0.5, 1.0,
2.5, 5 ngoll W& cpmz}e] FALA B FHAF

Fig. 4. Standard curve for SP-C mRNA tran-
script input.

(r)e= theat 2tk SP-Adl ujdh sense HAH] 9]
AT e  Y=452+1068.1 X (X=SP-A
mRNA EALH], Y=CPM)oln rAl4s 1.0 o%ct
(Fig. 2). SP-Bd] th3l sense E-Abgjo] AHAFZHL
Y=113.9+1371.7 X (X=SP-B mRNA A},
Y=CPM)o|1, rAlsE 1.0 o]k (Fig. 3). SP-
Coll thd+ sense HApAe] AHA=dL Y=66.0+
356.8 X (X=SP-C mRNA A}, Y=CPM)o]
2 rAlgE 1.0 o)t (Fig. 4).

3. SP-A, B, C mRNAZ| &3

SP-A mRNA%S PAFSoitola 262.0+83.5
cpm (0.203+£0.078 ng)ez i 4168+
106.4 cpm (0.348+0.099 ng) % Lyso-PAF+
of2o] 448.3+103.1 cpm (0.377 +0.097 ng) <l
wale] 747k 37.1% 2 41.6% H-2shA Bastde
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Table 1. SP-A, B, C mRNA and beta-actin levels in bovine serum albumin(BSA), PAF and

Lyso-PAF administration

BSA

PAF Lyso-PAF

SP-A mRNA 416.8 £106.4 cpm 262.0 +83.5 cpm* 448.3+103.1 cpm
(0.348 +0.099 ng) (0.203+£0.078 ng) (0.377 £ 0.097 ng)
SP-B mRNA 458.2+£61.8 cpm 372.0+:84.8 cpm 549.5+171.1 cpm
(0.251 £0.045 ng) (0.189+0.062 ng) (0.318+0.125 ng)
SP-C mRNA 2595.4 £ 348.5 cpm 1797.8 £414.9 cpm* 2924.5+846.2 cpm
(7.085+0.976 ng) (4.8514+1.162 ng) (8.007 +2.370 ng)
beta-actin 193.8+24.3 cpm 178.0 +24.5 cpm 190.0+18.9 cpm
Mean +SD

* . p<0.05 compared to BSA and Lyso-PAF administration
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Fig. 5. SP-A mRNA accumulation after injec-
tion of BSA, Lyso-PAF and PAF.
* p<0.025 compared to BSA
* % p<0.01 compared to Lyso-PAF

o (p<0.025, p<0.01)(Table 1, Fig. 5), SP-B
mRNA & PAF§-oftoA] 372.6+84.8 cpm (0.
189+0.062 ng)o@ thzFe] 458.2+61.8 cpm
(0.251 £0.045 ng) ¥ Lyso-PAF%ojite] 549.5
+171.1 cpm (0.318%0.125 ng)dl| v|ste] ztzt
18.7% B 32.2% ZAasielont, BAIEHE §93 2
= ¢l%ch(Table 1, Fig. 6). SP-C mRNA%&
PAFSoFolA 1797.8+414.9 cpm (4.851 +1.
162 ng)o.& thxe] 2595.4+348.5 cpm (7.
085+0.976 ng)¥ Lyso-PAF$oiie] 2924.5+
846.2 cpm (8.007 +2.37 ng)off vlste] z}z+ 30.7%

Fig. 6. SP-B mRNA accumulation after injec-
tion of BSA, Lyso-PAF and PAF.

% 385% FroldtA FaHAT (p< 0.01, p<O.
01) (Table 1, Fig. 7).

4. [factin mRNAZ2| &5

Adizes 7h 7709 ffelsle Hdle glla, &
actin mRNA¢9] &7& dA&yr}(Table 1, Fig.
8).

o %

PAF& 783 o2 x]d=z 167] £ 18749 &
28 383 1-0-alkyl-2-acetyl-sn-glycerophos-
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Fig. 7. SP-C mRNA accumulation after injec-
tion of BSA, Lyso-PAF and PAF.
* p<{0.01 compared to BSA and Lyso-
PAF

phorylcholine o] WS4 2] 283 uj/jda &
#HA doHo. dlA g, g4, 527, $97)F %
FAE7HMEEC] PAFE #1] 3it}!'9, PAF 54
b AAAQ A, Az 74 3 HER Rt
e} Fhe] dgle] & = Ut A8 Fopge
F7W71e 7138 HHzt 2tEe] Hola FAld
prostaglandin E, T Lol 2|3 A5 migl2e] o
o2 #ijel FyPt doluA fRa} o] Phy
oA vpgoz Mol vrbr] yEelcH?, YEAE
’é*‘%—%‘)ﬂ Fo3l9e Al AEE FapAde] vk <)

g AAE ohe} dlo] Rt Ws}, WET 7
Z, WAV A4S, §4 d&dg 2ag & ok, @
dg #H¥daFaAde HiE ¥eddl= '®l-albumin
leak index7t WEAE FAT FoA F7l8le 4
HEBe &A% X AW YEPIT?. AgE
Wb AWM HELREF] ¥ 1 2 e
AE £afe] zejoln ojg|dk & HUTAZE
& PAFE #23g®. PAFZ8A9 CV 3988¢]
1} kadsurenone® SRI 63-441-8 AM3IEE A
WSzl ot HE@ge] +2 9 AEYgEe WAL
UL AEVTE AFE F Jon?, Ei F o
isolated perfused #9] 8879 ZV15 Wx] g
4 SlgiT®. ojd Hew nj%e] PAFE WEaol
o8t &bl WAl Fadk uiAAzt Az
PAF & 3578 A=38te d&3y 2 (seque-

B

Fig. 8. Beta-actin mRNA accumulation after in-
jection of BSA, Lyso-PAF and PAF.

steration) Hjo] ZA#H o2 5§ FAUAERE,
olxfe] WEE 9 v mAAES felrA Hed
g zefstd ), e 1=l 2 PAFE A3 Fosts
Al BT F Ao Fop4do] FUlsle] PAF
1=9] 23t 45 fdske A=AYE S8t
102, 5277t Frkehe 718 Jalo 554
1 Uae ZRIFIAUY®, B 2 dal gae
& WPl dolut 2578 Z71EAF . o9
Zo] PAF& ARDSe] wilof] Fa8k o3 sk
2 A Q.

Lyso-PAF = 1-O-alkyl-2-acyl-3-GPC ¢] %
AER AESHog PAFe #4484 zkz] 13
t}. Lyso-PAF& PAF 9] A7Eoln] HAlo Eafiri
AE2 A PAF+ acetylhydrolaseo] 2]8le] lyso-
PAF = Fxu B},

£ AT WDRE PAFE XA Fo] 4.89%
AN 2T 4.95 2 lyso-PAF 4.969) Blaled £A)
gHo R oo gle W3l flch(Fig. 1 ). ol #
°] WDR7} #j&de] ME2 AREE A, WDR 9|
Hslglo|l® B8 B AL An|gh #Hdyol
AEE 5 A

A3 RNAd) digh J4 mRNA<S] &8& sense
BAMAE o] &8 HHFAE o]fdte dg F 9
(Fig. 2, Fig. 3, Fig. 4). ol¢}= dzHoz 4
actin mRNA¢] 88 7} Fof loja] 34 YA s}
Art (Fig. 8). oje}zto] cpmA|7} Z+ filterol] -3}
#H  RNAgL sl HHEAZ  AYHz:,

©

N

L0 R Tmlo m\
I )

2o
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hybridizationo] Eo|s}tha Az g PAF=Z
A FollA filterd cpm& v|mFozM Aoz
& W dd. B AFA ARSE filter
hybridization®}*¥-& Northern blotoJu} slot blot X
o Aol Wislox oRlsta AHAJo] ¥ B oh
2} el M= Lolsltt. £ Aol AMeE 2
nitrocellulose filter: 80 u g/cm?2ke] RNA<9} A
L =

Surfactantz #Hgol7|del] &S wAA 3H,
SP-Ag} tiAM 27t Faago] A3 M E 7]
& AAENE Fosn. EX, FES dEd #
o= AAES Aol 2™ A, surfac-
tant A7} Fadk dshiAFo] dom® 4
), 3714 HEY o 2 QRHETE ) B Al A,
o] F olx=&litell eliz} A =" ARDS2| H<lo
2938 ogakg vlzick. ARDS9| ¢lojA] surfactant
74 AHEF 884 E5AS 7= phospha-
tidylinositol ¥ phosphatidylethanolami-neZ-2 ]
AR 9 surfactant®] X3 (spreading)7]5# ¥
o] Wol7)del| Fa¥ H¥S k= surfactant@o
W}t e,

Surfactant T3 SP-A& gadioln] gheld ol
Fxleko] 28-36 kD, ojn) AA surfactantghie]
30-40% & #H3ln*, SP-A¢] 7]%5L tubular mye-
lint?Z=& A7l £83% 9L gl SP-A=
type I pneumocyte® ¥ <ixde| 42 73
3l1 type Il pneumocyte®%-E] surfactante] &
H g 2dste] A AuH & dgee) ol9zie] SP-A
€ surfactanto] #4], ¥4 B e Qo] F4a
& AFE o) E3 Feu Asme SP-AXE ¥
of 4% 2 ARDS9] 2 & o] 58 4= glcksiin} .
£ H3ol|A SP-A mRNAS2 PAF S|4 of
Z 3 Lyso-PAFFofo| njgte] 247} 37.1% ¥
41.6% FstAl Z4stY vH(p<0.025, p<O0.
01), o]}ze A= PAF7ZIEY T2 #He] o4
due) B3 F7F s dgue, qEebaa
9 A T Ugs FAEEY 2EL vAY Ay

Ho g HEW EAsle surfactante] BB 283
Holl A QAA7l= Qgleg 918 SP-A mRNAW
do] xS 7 Aes yzEd. SP-Be
Do), vigheige] Bxlare 18 kD, o]z,
SP-C= wispAdduoln, v e] Balge 5-8
kD, olt}. SP-Be} SP-CE surfactant®] A3
film&g/dol 2lolM SP-A9} A5 PFae8 §o.
SP-B mRNA%2 PAFFozoA dizgd %
Lyso-PAFFo7o) nlsle] Z4zt 18.7% 2 32.2%
Zastd oy, BASA §od A= gldlx, SP-C
mRNA 2 PAFFojoA 27 2 Lyso-PAF
Folwo nisle] z42k 30.7% B 38.5% oAl
A AE (p<0.01, p<0.01), o|ig wWiFA
s A3 surfactante] filmEAJd)] Qo] "4
Holw, PAF§o=g <13t SP-Be} SP-Ce] mRNA
o] Wg oA ¢85l surfactante] 284 A o
olp] ez HEAE sAlTIE Wike s =43}
I AzH o WEel 7|=e] HHE or|A7|E= o
8 Astivia M ") olgkde] surfactantt
M=o gurfactante| 228td AJake] AA 1l A}
ZHo| UM Fa dFS 3

ol4te] m#E dAup= SP-A, B, C mRNAd| st
PAFe| oA a5 53 Zlog ootz surfac-
tant@lEo] WrEell th3k PAFe] A avrt 34
FLHETT Bl gecler Hgsitdn A

=

(s

1

}dﬂ
£ 1k

i

Z

4

2 E

Platelet Activating Factor(PAF)+& 7123} ojgj=
ALE 357, 48, dME, g, 97

Eoll ojgted A= 2384 HEE 2 Usa
ol glojA Fggt Wiz dHA Yot F3 Wa
F &3, FT 84 © HET] #3259 YEH
4L 7Y 4 32528 2570 Weld Bos)
© 845 F R deiA Uk T3 YA Eo
PAF+& A E Fof Al YSA &2 B A7)
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I WEAR A8 H&dE o3t AlF = o

Surfactant= F4 F&FIT S50 WA
AR oM HUHE BAE 7FAH surfactant ©
W& surfactant9] Ee|dty Ade] 24 4 dixkE
ZAAsl=d AofA F83 AFS ot

PAFE WA 72y TS & surfactantd® A, B
2 Col $@A WHYAL filter hybridization}H
o2 FHaste] v e AnE B

1. SP-A mRNA<E PAFFoFolA] a2 2
Lyso-PAF 5o vlsted Z}zt 37.1% 2 41.6%
FoJstAl ZAastAtH(p<0.025, p<0.01).

2. SP-B mRNA<Ske PAFFo oA iz ¢
Lyso-PAFSoFo nvj&te] 22t 18.7% 2 32.2%
#Aasioyt, BAEE {8 A= gl

3. SP-C mRNA%& PAFFoFoA 2t 2
Lyso-PAFFd 2o vlsted 242 30.7% 2 38.5%
fopEtAl ZaEEt (p<0.01, p<0.01).

ojAte] Fzl= SP-A, B, C mRNA<] gt PAF
o A AHE AFT Ao = ]9}k surfactant
W] Uy i PAFe dAaxt 34 28&
H2E ol Welel dhgolo g Zasiviy AzhE.

2 o

ot

Platelet-activating factor (PAF)+

a8 oixely, HA¥Ae| FAEE FrHAAL,
94 d%Y 1Eete H43 leukotriene?] $
Ae EZANZY. EF PAFE 3579 31854,
<2, g9 2@ {327 leukotriene C,, D, B su-
peroxide anion&] it % J&-S- vt PAF+
Hawe] 23} thromboxane A, ABALS x5}
o d4 S1E ix”\]ﬁ'ltﬂ HEBA ] v HE 2
oA # &4 wAEe] FQUA F sholrh. ol
AL PAFS 9% IE AR Whg-Eo] Aot
= o] #aAAuk. PAF+= 4 382 537
(acute respiratory distress syndrome, ARDS) ¢]

CERES

Lo

Welel a3 7l F sz &HA Sl

Surfactants #| Woir|dd] J§ke n=d A
A, surfactant protein-A(SP-A) &} th2 A £7} 4
F2Hg-o] HAS AME 75 SR Fas) =
A, surfactante FHLE A5 TosE A E
& o] AW A, surfactant A7) 3
23 Aglalge] Qlom K, 3|4 HESo R
el A FE 4E AHETEIES AAS
o] & of=shel Folj7} & ARDS2| ol =g
g Frg v

)

oo

PAFE WA 7|2 F£o%E surfactant@® A, B
2 Ce] mRNA @& <k4r&- filter hybridizationtt
Ho g A surfactanteh® A B 9 C §zx}
ol i3k PAFS] &2t5 faele] og3 e A

e g,
4 3

SP-A mRNAE PAFSdZAM dzzg 2
Lyso-PAFSo] 3] wale] 212} 37.1% 2 41.6%
FolatAl Zastaoh(p<0.025, p<0.01). SP-B
mRNA RS PAFFo|o|A] =+ 9 Lyso-PAF
Lol vsted 247t 18.7% 2 32.2% A5 e
uh, #9821 glodoh. SP-C mRNASLS PAFE
ofPofiAl &7 4 Lyso-PAFFoiitel nlste] Zz}
30.7% 2 385% SosHAl 7AASATHp<0.01, p
<0.01).
i E:
ojake] Awtz A, B, C mRNAd tjgt PAF
don olekke surfactantP
F«l A a7} 54 TEFL
oz A8 ¢ gglon

1. Voelkel NF, Worthen SC, Reeves JT, Henson
PM, Murphy RC : Nonimmunological production
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