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tfrom

gonococci gave solutions which killed gonococci in liquid medium , inhibited
growth on solid medi um , and inhibited uptake of 3}f-a Ienir~e.~ Analysis of
phosphc ’lipid composition of lysophilized cells showed : phosphatidyl-
ethano lamine , 69-75%; phosp hatidy lglycerol , 16%; cardio lipin , 2-3%; and
lysophosphatidylethanolamine (LPE), 6-11%. However , the amount of LPE was
only l~ when freshly grown cells in growth medium were extracted . Phospho-
lipase A activity was associated with the cell membranes .~ There were nosignificant differences between cell s from gonococci colony types 1 or 4.

The urethras of a group of human male volunteers were cultures to determine
the aerobic and anaerobic flora . A large number of bacterial species were
found. Of those , Staphylococcus epidermidis and a hemolytic streptococci
were inhibitory to N. gonorrhoeae.
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Final Repor t : Gonoc o~ cal Bacteriocins
DAMD- 17 - 7 5 - C - 5007

Summary

Analys is of previous data , as outlined in the initial
proposal of January, 1974 , suggested the gonococcal inhibitory
substances produced by N. meningitidis and N. gonorrhoeae
were bac teriocin-like m~ terials , possibly tEe protein corn-
plemellt of the lipopolysaccharide of the Neisser ia cell wall.
The inhibitors can be extracted quantitatively fr om
meningococcal or gonococcal ce l ls using chloroform. The
inhibitors are heat stable and are not degraded by pro teo ly t ic
enzym es . The inhib~itors are not proteins , hut appear ~~~~~ ...

— - - - -  . lyso~ñm~ph~ttIã ~~~~~~~~~~~~~~~~~~~~~~ acid rep~vr~rdorr~~of these substances on silica gel thin layer plates after
CHC13 extraction from gonococci gave solutions which killed
gono cocci in li quid  medium , inhibited growth Ofl solid medium ,
and inh ib it ed up tak e of 3H-adenine. An al ys is o f phosp holip id
composition of lysop hilized cells showed: phosp hatidyl-
ethanclamin e, 69-75°c; phospha tidylg lycero l , 16%; ca rdioliç n,
2-3%; and lysop hosp hatidy lethanol amine (LPE) , 6-11%. However ,
the amount of LPE was only 1% when freshly grown cells in r

growth medium were e x t r a c t e d .  Phospho l . ipase A a c t i v i t y  was
a s so c i a t ed with the cell membranes. There were no significant
d i f f e r e n c e s  be tween  ce l l s  f rom gonococca l  colons ’  t y p e s  1 or 4 .

The ure thras of a group o f human male vo lunt eers were
c u l t u r e d  to d e t e r m i n e  tile ae robic  and a n a e r o b i c  f l o r a .  A
l a r g e  number  of b a c t e r i a l  species  were  f ou n d .  Of those ,
Sta h~ lococcus  e p i d e r m i d i s  and ~ hemolytic streptococci were
inhi itory €~~N. gonorrhoeae. P
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F inal Repor t : Gonococ cal Bac teriocins
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I. Funding and Performance

O f f ic ial not if ica tion for the firs t ye ar of funding for
this rroject was received on August 19 , 197 4.  The con trac t H
was renewed and abruptly terminated on October 31 , 1975 ,
three months into the second year of investigation. The work
was continued after the termination of contract using in part
resources from tile contract and limited funds from other
sources .  

. anc es Issac was assi~ ned as the full-time technician
~~~~~~~~~~~ ~~ ~ x~~t1r~~pr~jtt—r Str~~ h~rd -i~~e~~ -t he techn ic  i~m for the pro~-ee-t’ • - —  —

when the init ial experimen ts were done , between July, 1972 ,
and June , 1973.

II . Analysis of Inhibitory Subs tanc es

A. As outlined in tile initial proposal the initial exper-
iments were done using meningococc us strain 51 (m51) as the
st ra in producing the mos t ac t ive inhibi tor and gonoco ccus
strain 18 (gl8) as the indicator or s e n s i t i v e  strain. The same
exper i men ts done for m51 were com pleted using gonococcus s train
11 (gil) as tile producing strain. Extracts or specimens to be
tes ted for ac tivity were titered wi th seri al two- fo ld dilut ions
and 0.02 ml of each dilution were dropped on lawns of gl8
using Mueller-Flinton agar plus IsoVitale-X (MIII agar); the
g18 lawns were made from broth dilutions containing about io 8
colony forming units (CFU) per ml. The following experim ents
were d one:

1. Ex tr act ion of m Sl  and gl i at n eu tra l and a l k a l i n e
1)11: Neisseria mening itidis strain 51 (M51) was extracted with
phosph ate buffered saline (PBS) a t pH 7 .4 and a t pH 12 and gil
were extracted with PBS at p11 7 .4. The p11 12 extracts were
n e u t r a l i z e d  be fo re  d e t e r m i n a t i o n  of a c t i v i t y .  R e s u l t s  of t e s t s
of activity are summarized in Table 1 (> 2+ activity-obvious
inhib it ion is con s idered sig ni f ic ant) .  This experimen t has
been repeated several times with comparable results each time .
Saline extraction of m5l at pH 7.4 yields an extract w i t h  mor e
inhibi tory ac ti vi ty w h en  compa red to gil ex trac t . Also ,
al kali does no t enhanc e ex trac t ion of ac ti ve inhibi tor fr om m5 l.

2. Phenol-water extraction of m Sl : A total of 62.7g
wet weight of mSl were mixed with 88% pheno l  (1 m l / g  of
ba ctcr ia) and water (‘  m u g  of b a c t e r i a )  , sh aken at room temp-
erature for 10 minutes , and centrifuged at 18 ,000 x g for 20
minu te s. Three phas es devel oped: w at er , debris , and phenol.

L~~~~~~~~~~~ . .  ~~~~. - - _ _ _
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These were  removed s e p a r a t e l y  and each was  d i a l y z e d  a g a i n s t
w a t e r  and sal inc  to remove the  p h e n o l .  None of t he  t h ree
phases contained material active against g18. This e x p e r i m e n t
was done t w i c e .

3. Heat stability of m Sl extract: M5l e x t r a c t s
were  i n c u b a t e d  a t  t i le t e m p e r a t u r e s  indicated for various - 

-

pe r io d s  of t ime  and then titered for activity. The results
are indicated in Table 2 (tIle s t a r t i n g  e x t r a c t  fo r  t h i s  exper-
iment was less active than some other m5 l extracts). Auto-
claving the m51 extract for 15 minutes did not change the
a c t i v i t y  when compared  w i t h  the  u n au t o c l a v c d  e x t r a c t .  The
ni 5l e x t r a c t  was hea t  s t a b l e ;  h e a t i n g  could  have e n h a n c e d

• 
a c t i v i t y  or caused rc~ ease of an t hh i b .itQi~ froyiLthe  e x t r a c t .  

.
~~ 

.
~~~

4. Enzyme treatment of m5l extract: The results of
various enzyme treatments (60 minutes , 37°C) of the m5l
e x t r a c t  are o u t l in e d  in Table  3. None of the e n z y m e  c o n t r o l s
showed a c t i v i t y  against g l 8 .

Enzyme treatment of m5l extract did not reduce the
inhibitor y activity. Proteolytic enzymes may actually have
enhanced re lease of ac t ivity from the extract.

5. Bactericidal activity of rnSl extract: Several
experiments designed to confirm the bactericidal activity of
the m~ l extract were completed. Inhibition of growth of g18
was iii liquid media using a 1:10 dilution of rn51 extract.
Four l i q u i d  m e d i a  were  used:  M HI bro th; MIII bro th c o n t a i n i n g
d i a l ys a t e  of  y e a s t  e x t r a c t ;  a media  outlined by Mayer , et al
(1); and M lii broth plus 10% calf serum . Results of typ ical
e x p e r i m e n t s  w i t h  t h e  first three media are in Fi gures 1 and 2.
The data from several experiments were s i m i l a r .  T i t e r i ng  of
the rn~ l e x t r a c t  showed ac t  i v i ty  a t  a 1:15 dilution with minimal
activity at a 1:20 dilution . Addition of l0°~ calf serum to
MIII b r o t h  revers ed the bac ter icida l e f fec t o f ex trac t.

6. Inhibition of ‘4C-adenine uptake of gon ococcal
i n h i b  i t o r y  s u b s t a n c e s :  The same a s s a y  s y s t e m  o u t i  med in
F i g u r e s  1 and 2 was  used fo r  t he se  e x p e r i m e n t s .  The i n c u b a t i o n
m i x t u r e  c o n t a i n e d : 4 . 0  ml Mli i broth; 0.5 m l  of a s al i n e  e x t r a c t
of m 5 l ;  0 . 0 5  m l  of  14 C - a d e n i n e  s o l u t i o n  (500  i c / m i ) ;  and  10 8
colon ’  f o r m i n g  u n i t s  ( 0 . 5  m l )  of t h e  g 18 s e n s i t i v e  s t r a i n  ( l o g
p hase  c e l l s  f rom M I I I  b r o t h  c u l t u r e s ) .  At  t i m e s  0 , 1 . 2~~, and 4
hour  s a m p l e s  were  t a k en  fo r  c o l o n y  c o u n t s  and fo r  d e t e r m i n a t i o n  H
of 14 ( - a d e n i n e  i n c o r p o r a t i o n .  The i n c o r p o r at i o n  of ‘4 C - a d e n i n e
i n t o  n u c l e i c  a c id . was  d e t e r m i n e d  by  p i p e t t i n g  a (1~ I ml  s a m p l e  of
t h e  b r o t h  m i x t u r e  i n t o  2 . 5  m l  o f  2 . 5 %  c o l d  t r i c h l o r a c e tj c  a c i d
(T C A) . Th~’ TCA i n s o l u b l e  14( : m a t e r i a l  w a s  c o l l e c t e d  on a s m a l l
m i l l i p ore  f i l t e r  and w a s h e d  w i t h  10 m l  c o ld  s a l i n e .  14 C
a c t i v i t y  was d e t e r m i n e d  u s i n g  a P a c k a r d  Tn - c a r b  I i qu i d

_ _ _ _  - —  - _____ ~~~~~~~~~~~~~~~~~~~~~



— ~~~ -. 
_____ ~~~~~~~~~~~ .— ----------- --- ~~~~

scintillation counter. Results ol one experiment are
plotted in Figure 3. In the control tube (without m5l ex-
tract) botil the CFU and the 14C incorporated into precip i-
table material increased over the 4 hour sampling period . In
the t s t  system the CFU fell to 102 after 2.5 hours; and no
incre ase in l4C incorpora tion was ob se rved ov er a pe riod of
4 hour s. This  exper im en t sho wed s i g n i f i can t bac ter i c id a l
ac tiv it y o f the inhibitor as well as inhibi t ion of inc orpor-
ation of 14C-adenine. The determination of viable colony
coun t s  was more sensitive , at least in tilese early experiments.
h owever , the d i f f e r e n c e  at 4 hours  be tween 10 , 000 cpm/ ml  and
100 ,000 cpm /rnl in the test and control tubes , respectively, is
a l so ve ry  s ignificant. This type of experiment was repea ted  -

:

several times with comparable results. 
- —

7.  C h l o r o f o r m - m e t h a n o l  e x t r a c t  o f m Sl  and gll:
A m o d i f i e d  B l ig h - D y e r  p rocedure  (2 , 3) was  used fo r  c h l o r o f o r m -
m e t h a n o l  e x t r a c t i o n  of the  t es t  p r o d u c i n g  s t r a i n s .  A f t e r
e x t r a c t i o n  and c e n t r i f u g a t i o n  t h r ee  p hases  were e v i d e n t :
lower  c h l o r o f o r m  p h a s e ;  m i d d l e  c e l l u l a r  d e b r i s ;  and up per
m e t h a n o l - w a t e r  ph a s e s .  M a t e r i a l  f rom the  phases  was  s po t t ed
on MII I a g a r  p l a t e s , evapora t ed  to d rynes s  and l awns  of g l 8
placed over the spo t s .  R e s u l t s  are  outli ned in Ta b le 4.

All inhibitory activity was associated with the
chloroform phase. Analysis of these data and results of the
other experiments suggested that the  i n h i b i t o r  was a lip id
component  bo th in tile m5l  and in the g l l  s t r a i n s .

8. S t anda rd  c h l o r o f o rm - m e t h a n o l  e x t r a c t i o n  of l i p id
i n h i b i t o r y  s u b s t a n c es  f rom N.  g o n o r r h o e a e :  A s t a n d a r d i z e d
method for  e xt r a c t i o n  of gonococc i  with chloroform -methanol
by a m o d i f i c a t i o n  of the  method  of B l i g h and Dyer  (2 , 3) i s
d e p i c t e d  in F i g u r e  4 .  This  m e t h o d  has  been used to e x t r a c t
producer strains of gonococc i  in ord er to test for differen t ial
activity against other strains of gonoc occ i .

9. Liquid medium assay for d i f feren tial inhibitio n
of gon ococc i by chl or o f o r m  ex trac ts o f producer strains:
Three s t r a i ns  of gonococc i  were  p i c k e d  to tes t  fo r  the  pro-
duc t j on of i n h i b i t o r s  w h i c h  are  C u d . 3  e x t r a c t a b l e .  Tile t h r e e
s t r a i n s  w e r e :

1. g i l , s t r a i n  p r e v i o u s l y  shown to y i e l d  e x t r a c t s
a c t i v e  on s o l i d  m e d i u m  and in l i q u i d  m e d i u m
assay experimen ts ;

2. g163 , strain thoug ht to produce an i n h ib i t o r
w i t h  the greatest spectrum of activit y u s i n g
the  solid medium assay sy st em; and

______ - __________ 
k.~~~~~~~~



3. 2686 , s t r a i n  w h i c h  d id no t sh ow inh ibi tory
activity against 60 strains of gonococci
using the solid medium assay.

Til e ch lo ro fo rm extracts were prepared as outlined
in s e c t i o n  8 ( F i g u r e  4 ) .  The l i qu id  media bac ter icidal assay
sy stem is as fol lows:

1. 0.05 ml of the CHC 13 extract was placed in a
glass tube and gently heated to evaporate the
chl oroform . A control tube containing 50?%
of CHC 13 was treated similarly as was a
con trol tub e wi th no CH C 13.

‘~~~~~ . 4c~~ -m1~ of MHI b roth was add ed to each tube and
the residue from the extract was suspended in
the broth.

3. 0.5 ml of suspension of the test strain of gono-
cocci (108 CPU from log phase cultures) was
added to give a final concen tra tion of about
107 CFU/ml.

4.  Samples for colony counts were tak en at 0 , 1 ,
and 3 hours , diluted in MHI broth and plated
on MHI agar .

The th ree  CHC 1 3 e x t r a c t s  were  i n i t i a l ly t e s t ed  for
activity against 12 s t r a i n s  of gonococci  d iv ided  into  f ive
arbi tra ry  sub groups :

1. previously sensitive (possibly sensitive) to
most  sa l ine  e x t r a c t s ;  g l8 , g46 , g 68 .

2. previously resistant (possibly resistant) to
most saline extracts: g15 , g9, g20.

3. i s o l a t e s  f rom p a t l el l t s  w i t h  a symptomat i c  gono-
cocca l infec tions ; g 590, g578.

4. isolates from patients with symptomatic gono-
coccal infections; g593 , g596.

5. isolates from patients with disseminated gono-
coccal infec tions (DCI) :  g681 , g779.

The results of three assay experiments are shown in
Figures 5-7. A positive assay is defined as a decrease of > 1
1og

115 f the test strain as compared to the c o n t r o l s .  F i g u r e  5

___________ - - 
~~~— ~~ ~~~~~~~~~~~~~~~~~~
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s hows  t h e  test s t r a i n  (g 5~) 3)  wa s L . i l l e d  by CIIC I 3 e x t r a c t s  of
a II t it roe p r o d i i c c  r st ra i ns . r j gu re b s h o w s  K i l l  I iig of g(-’S 1
liv tw e  of the three extr acts ich I Ic F i g u r e  7 s h o w s  k i l l i n g  of
~~~~ Fv one  o f  t h e  t h ree e x t r a c t s .

The r e s u l t s  o f  3 i  of  t h e  1 i qu id  med m m  : t s s a v
exper i m o n t  s a r e  summa r i :ed in  Tab I e S . These  d a t a  i nd i c a t  C
t h a t  ~ t a 1 : 1 0 0  d i l u t i o n  t h e  c h l o r o f o r m  e x t r a c t s  o f  t h r e e
s t r ai n s  of  ~on ococc  i d i f f e r e n t  j a i l  v killed o t h e r  st  ra  i n s  o f
gonoc ece i. The c h l o r o f o r m  e x t r a ct  o f  g il ku l ed  a l l  h u t  t h r ee
o f  t h e  t e s t  s t r a i n s ;  that of g 1~~3 d i d  n o t  k i l l  one t e s t
S t r a i n ;  and that of 26 8 ( - t k i l l e d  a l l  b u t  one o I t h e  test stra ins.
‘Uhie pa t to m s  of bac terc ida  I j o b  ib  i t ion  were d i I fe ren t f o r  t he
t h r ee extracts.

10 .  So L i d  med iu m a s s a y  f o r  d i f f e r e n t i a l  i oh ilii t i o n
of gonococci u s i n g  c h l o r o f o r m  e x t r a c t s  o f
p r o d u c  i ng s t r a i n s  : i w o  o I t h e  d l  I or o  f o r m
e x t r a c t s  (gl~ 3 and ThS() u s e d  i n  t h e  l i q u i d
TIICd  i U TlI a s s ay  ex p er  i m e n  t s ice r e  t i t or _ d  u s i ng F

t h e  solid med iu m  a s s ay  p r o c o~i i t r o  ou t  I j o e L 1  i n
s e c t  i o n  7 . The re ’~tl 1 t s a r c  summa r i :ed I n

b I c ( . F 0 I’ p U r ~ 0 S C 5 0 1 c 0111 1~ 
:1 r I 5011 t he

f o r m a t  ill ‘l ab  1 es 5 and ~ and are the same

I t s  l o g  e x t r a c t s  o f g1~~ t h e  r e S u l  t S  o b t a  m e d
011 t h e  so i i ~i 111 ed i Urn ic or e  i’ Ci 1.1 g Ii I V Co P a r ~i ii 1 C
to those in tile I i qut id no d  I urn a ssav .e • ,

g I S wa s not K i 1 1 ed u s  i i~g e it h ~r cy s t  CIII ) . I n
Co Ut i’a St , the 2 (iS ( ext rac t s h o w c , 1  110 oh ii i  i —

t i o n  on soi i d iiic d i a w h o  r ea  s a I I b u t  one of  the
1 2 i nd I ca tor St r a i n s  we r i’ oh I h i ted  1 n t h e
I i (~U iLl iiied turn as ç;~ y , su g g e st  j o g  t ho in h i  Ii I t o r
~ roduc  ed by 2 (iS (i w a s  b o u n d  or i na c t i va ted by
m at ci’ iai S Present ~n tile ag :I 1’ h u t  not in b r o t h ,
C . g . , S t a  r ch t  . Sta rcit I nac t i va t i o n  o I Ia t t v
ac Ri illh iii i tot’ s was noted b~ o t h e r s  a n d
we h a v e  n o t e d  r o v e r s a  1 o f  m u  i b i  t o t ’  act i v i  tv
by se rum ( s e e  sec t i o n  5)

I I . A ct I v i  t V of I v s op hos p ha t i d v i  e thaiio l a m  j o e
l v s o  li E )  

~~~ inst 12 stra ins of i~on ococc  i
lv so l i E i~ l 5 pul’cll a sod comnic ’r c  i a I I v  ( S i
Chem i ca 1 Co . ) and d i s so 1 ved in cli i o ro f o r m
(21) m g / t i t l )  . ‘the s o lut i o n  was t i t t ,’r e d U s i n g
tt ..’o — t o l d  d i i  u t  i o n s  a n d  t es t e d  f or  a c t i V i t V

a i l l S t t h e 1 2 i n d i c a to r s t ra i n s  o I go nod occ I
US I 1lt~ t he  s o l i d  iito d i a as say  . ftc r e su  I t  s
a i’e summar I :ed in -l Tb 1 e . \ t  t i t i s  c o n c e n —
t i’J t i o n  LVsO Pl~ tia 5 a c t  i y e  :1 ~, ;I 115 t a 1 1 h~i t
t h r e e  St r a i n s :  gIS , g I S and i~~7 79.
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The a c t i v i t y  of ~yso PE , and r e s u l t s  of the
so l id  a n d l iqu id media assays of gil , g163 ,
and 2686 extracts showed correlation with
lack of activity against indicator strain g15;
also , a few indicator strains were sensitive
to Lyso PE or extracts by each assay method.

12. Silica gel thin layer chromatograp hy of
chloroform extracts of m5 1 , gli , gl63 and
2686: Chloroform extracts were prepared from
m5l , gil , g163 , and 2686 as previously out-
lined (2 , 3) e; ’ ept t h a t  the  c h l o r o f o r m  ex-
tract was not concentrated 10 fold. Each
extract L0.G5 m

~
).and authentic standards a-n~~ -~

appropriate controls were spotted on silica
gel thin layer chromatograp hy p lates (Brinkman
Co.) and chroinatograp hed using a solvent
system ~~ 65 parts Cl-Id 3, 25 parts Ci-130H , and
4 parts H20 (3) . After development with
iodine vapor the spots were  marked  and the
p l a t e s  were  deve loped  w i t h  n i n h yd r in to
detect compounds that contain free amino
groups. Results are schematically depicted
in Figure 8. Each of the four extracts had
significant amounts of lyso PE , PE , and phos-
phatidylg lycerol. Also ,spots probably repre-
senting free fatty acidswere present for each
extract.

I I I .  Anal y s i s  of Phosp h ol i pase A A c t i v i t y

Subsequent to the development of the data outlined in
Section II and to the publication by Walstad , et al (4), it
was apparent the gonococcal inhibitors being studT’~d wer e
primal ily ly sophosphat~ des and long chain fatty acids. The
elaboration of large ar’ounts of lysop hos phatidylethanolam ine
indicated that N. gonorrhoeae mi ght have hig hly active , cell
wall- associated , phosp holipases. Subsequentl y, a series of
experiments were performed in collaboration with Drs. Leah Senff ,
W.S. 1.egener , W . R .  Finnerty and R.A. Makula. The results of
the analysis of phosp holipid composition and phosp holipase A
activity are summarized below and detailed in the attached F

publication (reference 5 , appendix I). In addition , portions of
this data were presented at two different meetings (6,7).

i~~. Phos phol ipid Composition and Phospholi pase A Activity
of Neisseria gonorrhoeae.

Exponential-p hase cells of Neisseri a gonorrhoe ae 2686
were examined for phospholipid compo~ ition and for me~ br ane-
associated l)hoSPholiPase A activity. When cells were harvested
by centrifu gation , washed , and ivop hilized before extraction

,9
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approximately 74% of the total phosp holipid was phosp ha t idyl-
ethan ol amine , 18% was phosp h at idy l g l yce ro l , 2% was c a r d i o l i pin ,
and 1(1 % was lysophosp ho t idylethano lamine . However , when
cells still suspended in growth medium were extracted , the
amount of lysophosphatidylethanolamine decreased to approxi-
nia tely 1% of the phos pholipid composi t ion. This sugges ts
that a gonoc occ al phospho lipase A may be activated by condi-
tions encountered during centrifugat ion and/or lyoph i l i z at ion
of ce l ls pr ec eding ex trac tion . Phospholipase A ac tiv ity
assoc ia ted wi th ce ll membrane s was assayed by measuring the
conversion of tritiated phospha t idylethanolamine to lysophos-
ph a t i dy l e t h a n o l a m i n e . Opt ima l  a c t i v i t y  was demons t r a t ed  in
10% methanol at p1-I 8.0 to 8.5 , in the pr esen ce of calcium ions.
The activity was both detergent sensitive and thermolabile.
Compar isons of gonococcal co lony types 1 and 4 showed no
significant differences between the two types with respect to
either phos pholipid content or phos pholipase A activity .

IV . Inhibition of Neisseria gonorrhoeae by other Bacteria
Present in the Human Male Urethra

Twenty-three male patients , a ttendin g the Mar ion  Coun ty
V ener eal Diseas e Clinic , were cultured to determine the normal
flora of the anterior urethra. Specimens were obtained by
insertion of a calcium alg inate-tipped urethrogenital swab
(Cal g i swab , Inolex) into the urethra. The swabs were streaked
first on sheep blood agar f or cu lt ivat ion o f anaerobes  and
then on chocolate agar for cultivation of aerobes . Ana erobic
isolates were maintained in cooked meat broth medium and
aerobic isolates on trypticase soy agar slants or were frozen
in sk i m milk .

Isolates were screened for inhibitory activity against
N. ~2porrho eae by the basal streak-cross streak or basal streak-
overl ay me thods . Basal s treaks of aerobic organisms were grown
on Mueller i-Iinton or on brain heart infusion agar plates and
those for anaerobic organisms were grown on sheep blood sugar.

‘l’able 8 out lines the spect rum of org anis ms recovered f rom
the anterior urethra . Staphylococcus ep id erm idis was the
aerobic organism most frequently found , while members of the
genus ~~p~oco ccus were the mos t fre quently recov ered anaerobes .
Sever al of thes e isola tes have be en exam ined for the abil it y
to mIT ibit N. gonorrhoeae in vitro. Table 9 shows the  results
of these studies. Among tT~ acrobes tested , all of the
Staj~h v l o c o c c u s  e idermid is and a l p h a  hen iolyt ic streptococcus
strains were in Ii itory to the gonococcus. None of tile
anaerobic species tested was inhibitory.

L - 
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Table I

Gonococcal Inhibitio n by Neutral and Alkaline pH
Extracts of Meningococcus 51 and Gonococcus 11

________  
Titer and Activit y

Extract 1 1:2 1:4 1:8 1:16 1:32

p11 7~ 4
m5 1 4+ 4+ 4+ 4+ 2+ +

gl i 4+ 4+ 3+ - -

ph i 12
m 5l 4+ 4+ 4+ 4+ 2+ -

Table 2

Heat Stability of rn5l Extract

Titer and Activit y
Temperature Time (Mm ) 1 1:2 1:4 1:8 1:16 l :3 2

- 17°C Storage 3+ 1+ + - - -

Room Temp. 60 4+ 4+ 1+ + - -

37°C 30 4+ 4+ 3+ + + +
60 4+ 4+ 3+ ~~+

56°C 15 4+ 4+ 1+ 1+
30 4+ 3+ 2+ + +
60 4+ 4+ 2+ +

80°C 10 4+ 3+ 2+ + -

20 4+ 3+ 2+ ~~+ +
100°C 10 4+ 4+ 2+ + - ‘

Table 3

Enzyme Ac ti vi ty Agains t Ex trac ts of Meningo coccu s Stra in 5 1

Ti ter and Acti t~~ y F

Enzyme 1 1:2 1:4 1:8 1:16 1:32
Control ND* 4÷ 4+ 3+ ],+ +
Ncurami nidase ND 4+ 4+ 4+ 2+
Ti’ypsin NI) 4+ 4+ 3+ 3+
Pi’otease NI) 4+ 4+ 4+ 4+ ‘

P ap a i n  ND 4 + 4+ 4+ 4 +

*NlJ = not done

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —~~~~~~~ -—~~~~~~~~~~~ --- - ---~~~~~
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Table

Inhib itory Activity of Chloroform-Methanol Extracts of
Meningococcus 51 and Gonococcus 11

meningococcus  51
‘
~xtract phase 1 1:2 1:4 1:8 1:16 1:32 1:64

chloroform 4+ 4+ 4+ 4+ 4+ 4+ +

d e b r i s  - - - - - -

m e t h a n o l  - - - - - -

~~pococcus 11
ex trac t phase

chloroform 4+ 4+ 2+ - - -

debri s - - - - - -

me thanol  - - - - - -

Con tro l s

chlor oform -

methanol -

Table 5 t
Liquid Media Assay:  Inhibit ion of 12 Strains of Nei sser ia

gonorrhoeae by Chlor oform Ex trac ts of 3 Inhibitor Producer Strains

Gr oup and Chloroform Ex trac t of
Test Strain gll gl63 268t

(Logs of Tes t Strain Killed in 3 f lours)
Possibly
sensitive

gl8 3 4 4
g46 2 5 2
g68 3 3 4

Pos s ibly
Resis tan t

g15 0 0 3
g9 2 7 5
g20 1 5 3

Asy mp tomat ic
g590 0 6 0
g578 3 4 3

Symp toma t ic
g593 5 6 5.5
g596 3 3 2

DCI
g681 0 5 3
g779 1.5 3 2

LA -- ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _  
_ _



Table ‘- ‘

Solid Media Assay:  Inhibi tion of 12 Strains of Gonococci by
Chlorof orm Ex trac ts of 2 Inhib itor Producer Strains

Gr oup and Chloroform Ex trac t of
Test Strain g163 - 2686

(Titer yielding .>2+ inhibi tion)
Pos sibly
sensitive

gl8 1:8 -

g4 6 1 :32  -

g68 1:2 -

Po ss ibl y
resistant •

gl5 - -

g9 No growth No growth
g20 1:8 - —

Asymp toma t ic
g590 No growth No growth
g578 1:32 -

Symptomat i c
g593 1:2 -

g596 1:32 -

DGI
g681 1:32 -

g77 9 ~,l : l  -

Table 7

Solid Media Assay: Inhibi tion of 12 Strains of Gonococci by Lc.
Lysop hosp hat idyle thano lamin e (Lyso PE)*

Group and Test Strain Lyso PE**

Possibly Sensi t ive ~~
gl8 -

g46 1:4
g68 1:2 -~~

Poss i bly Resis tant
gl5 -

g9 1:2
g20 1:2 ~~‘•~

Asymptomatic
g590 1:4
g578 1:32

Symp toma t ic
g593 1:32
g596 1:8 ~~~ -

DCI g681 1:4 !1-
g779 - 

‘

* m i t  ial concen trat ion Lyso Ph 20 mg /m i
** Titer yielding >2+ Inhibition 

~~~~ -- — -~~~~~~~~~~~~~~~~ -~~~~~~ -‘~~~~~~~~~~~~~~~~~~~~~~~~ - -  - -~~~~~~~~‘ 
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Table 8

Aerobic and Anaerobic Bacteria Isolated from the Human
Male An terior Urethra

Aerobic Isola tes Number found/Number tes ted

Staphylococcus epidermidis 19/ 21
diphtheroids 14/21
~ h e m o l y t i c  s t reptococcus  6/21
1-I . parainfluenzac 2/21
H. vaginalis 1/ 21
Gram-ne gative rod (not identified) 1/21
None 1/21

Anaerob ic Isola tes

Pep tococcus asacchr olyticus 7/23
P. prevoti 3/23
P. magnus 3/23
Bacteroides melaninogenicus 4/23
Bacteroides ~p. 5/23
~iiI5acterium lentum 1/23
Pseudomonas parvulus 1/23
P. acnes 1/23

itococcus ~~~ 1/23
Veillonella parvulus 1/23
Euh ac te r ium ~~~ 1/23

Table 9

Isola tes Inhibi tory* to N. G o n o r r h o e a e

Aero hes
Stap h Ep id ermidis 10/ll**
~~‘Ti~ iioly t ic s trep tococci 2/ 2
Di phtheroids 0/ 8
Other 0/ 1 ( I I .  par a influenzae)

Anaerobes
~~~~t ococcus  a s a c c h r o l y t i c u s  0/ 5

— P~~ p r e vo t i  0/3
P. inagnus 0/2
Ilacteroides ~p,. 0/ I
~Ther 0/1 Euhacterium lentum

0/1 Veillonella parvula
* Ass ay ei ther by basal streak/cross streak

o r basal st reak/ over lay
**Ne of i solates whi ch inhibited

No.of isolates tested

15
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FIGURE 2. Bactericidal effect of producer
strain tneningococcus m51 alkaline extract
against indicator strain gonococcus gil ,
using two different liquid media.
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Figure

Flow Char t for Ex trac tion of Lipids from Nei ss eria gonorrhoeae

Gonococcus overn ig ht growth on tared glass centrifuge
produc ing  str a i n  ——— -— ---— -__

-> tubes on ice (deter-
Mueller-Hinton Isovita leX Agar mine bacteria wet

w e i g ht )

Discard
(Add 5 ml Saline ,

Supernate pH 2, per tube

Add Pellet Centrifuge
I x CfiC1 .~ < -

~~~~~~~ 

_ ‘.( 
- Vor tex into

2 x 013011 30 ,000 g x 30 mm suspension
0.8 x H O  I ,2

Vortex
Room Temp. x 15 m m .

I ), inactiv~ -discard

Add
1 1 x CHC 1 3 Centrifuge Interface debris

1 x 11 ,0 > 3 la ers— inactive-discard
20 ,000 g x 30 m m

~~CUC l 3 (ac t ive)

Reconst itute ~~~~~~~~~~~~~~~~Ieasure vol. and evaporate
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FIGURE 5. Bactericidal effect of
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- FIGURE 7. Activity of chloroform extracts of
three producer strains of gonococc i (gil, g163, -
2686) on Inhibitor strain g590: inhibition by - :
g163 ex trac t and lack of inhibi t ion by gll and -

- 2686 extracts.
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Figure ~

schematic Diagram of Results of Silica Gel Analysis
of Chlor of orm Ex trac ts of Meningoc occus Strain mSl

and Gonococcus Str a in s  g i l , g163 and 2686
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(up s-righ t F I ‘i~ Ari,,’ rr,-an Siicrt- tv fur 2.lic rohiulo gy Printed in 1 .S.A -

Phosplioli pid Composition and Phospholipase A Activity of
Neisseria gonorrhoeae

I.. ~ ~~~~~~~ W. S W E G E N E R , G.  F. BROOKS , W . K . l - I N N E R T \ ’ , AN t )  K. A. M A K t ~ LA
1)

~
’p.z r/ni i-n t, ’. ‘‘I %fier oloo/o gs - and M, ’du,  r,i ’ . m u  10 FlU Un , r i ’r s i l v  Si /woi of ,U, i / i i i  OF’ - 1usd IUFSCI J IO1I.S - Jodianci

-Ii , 21i2 - clO d I ),‘p cir (,li,’,,(.i of Micr ib~o!ogv and Bioc ’ht ’,n istr s ’ , Unis ’~’r sits . of Georgia . A t / ie ns , Georg ia 30602

Received for publication 29 Marc h 1976

1 .xp nnt ’nt  al-p hase cells of Ni ’isscria g iworr Irocue 2686 were examined f i r
phi ’sp lrol i p id composition and for membrane—associated phosp hol i paso A act i v-
it When cells were harvested by centrifu ga tion , washed , and Ivop hi li -zed befor e
ext “act ion , approxima tely 74’7 of the total pliosp hol I pid was phosp ha tid I e than —

o l ar n l n e , 1 was phosphatidy lglycerol , 2’~ was cardioli pi n. and 10F% ~~~~~~
lys ip hosphatidyk’thanolaniine. However , when cells sti l l  SUS1)t’fl(lcd in growth
flit i iU  r~ Wi re extract ed. th e  amount  of lvsuphosphat idvl et  i r anol arn  m e  decreased
to ippi-ox i mate ly I ‘I of the phosphol I pid compi)si t o n  - This suggests t h a t  ii

gon ococcal phiisphol I p~r~~’ A may be activated by cond it i otis encou nt ,’r ,’d dot-log
cent r’i fugat itiri and/or Ivoph iii zat ion of cells preced i rig ox tract ion - I~l s , isphol I pase
A act iv i t y associated w i t h  cell membranes was assa\ - i ’( i  by measur ing I he
coil vei’sion i f  I ri t iat cd phosphat id vIol hanoI am i no to lvsr, l ihosp lr it id~ let li a aol —
am ne - Opt irir al act i vi ty was denionst rated in 1 (1’ riot Ira nol at p1 I S - (I to ~ - - in
the presence of ca Ict u iii Ions , ‘l’he act i v it w is h. it Is dot i-rgt-I it si ii ~ t i ye and
he ~miil ab rio - Corn pa i-Iso 115 of gonococca I coli iriy I y ia ’s 1 a ml I sb wed no sign Ill —

cant  cli fli ’rene-es bet ween th~ tw o types w i t  ii respect to either plrosp h~ l i p id
con t en t or p hiisp hn Ii past’ A act iv it .

Severa l cluiract i n s t  ic- s of N,-iss - r io  g000r— MATER I AI~S \N Il MElt Il (I (S

rho,-cn ’ suggest t hat the gonococca l cell enve— —
lop,’ is less St able than tire cell envelope of most (‘ ulturt’ conditions. ( I n  il t v ts-s I arid -t i f  .V .
gra in—negativ e bacter ia. The gonococcus is ~~~~~~~~~~~~~~ 21 51, wi re ir r , i rs t ; i r rs , ’ d OIl 1 s ,j l~~t tilt’ —

molt’ susct’1 ahl,’ to penic illin and to inhibition druni , Ct 131, ,-.intasnrng ( ( ‘  a go  l ids1- I I) ifciit s ip-
- ‘ - ‘ plt’mt ’ntt ’c l is rh V’ ls,i\ lateX l313I.t . m d  specifi cIa liar1, ch tin I itt ~ i~ iii- , i 21) 36)  th in n i  most coloni ii t\ Pt a, ri ii ill’, utt i tr l t t i r  it ) o  Forgr.,m—negat I ye microorganisms. An increased ptro~pli olip~ j an ti v — i s  or f i r  prc-parat ion if cell

,‘ndencv I o’xar’d lvs is has a Iso been observed inienrbra lit’s, g.inoeocu-i o t ’ r,’ grills ii in the hi-o rb nit ’ -
7 . 16 . 261 . ‘i’hns apparent cell f ragi l i t y arid/or dium ol ?sItr~ s- r c t  al. 2-t i r . i l r t a is u i ig 2 glucose .

al t m i t t  II ol rrit’mbrane permt’ahil Iv could ri- ‘I’tit’ nii ’drsrni is is dispen sed in Erlt’ iosii-~ F r  h usks so
f lect unis;ue envelope struc’ t ore and conri posi— that 21)’ ~I t he fl;isk v .iliinni ’ was it r I i t , - d , and cu l—
I ion or cou ld rt’pni’sent the res u lts of enzymatic irrr , -s went’ ac ’ rated liv str iking it :17 I - (‘ ills of lht’
degr id it ion it envelope constit rant ~ . 

— 

~.
p1?ropnatv r,i l ibnItl t v ~re wi re grown for Is h on

- - - (.( BI plates srrspe ’ ns t ic I  in a s m all voliri nt- of lii1niid - -I iiiisplniil ipids and phosp holrpasi- r represent -
- - - m,’drcrnr, m u  ino,ciil it ,’d nt,, t i i i ,tt i  cultiiri-s to  annni t t ’gr ~il coiripline’ntS of gram—negative outer inr i t i ~il ~‘j~hlt’ count of 1 . hF to -t . lIP colon y—nit’m brari,’s 2 , I-t i. Phosph t i l i p r— .e A l’~( forming units (‘F’Ut per ml . Ci- o ivt t r w i n  niiinrit i,red
3 . 1 1 ‘Il has been implicated in I he h iss ,l’enve— as optical d e n s i t y  at 600 tori I For l;,i- ,’ cultures ,
lope st imhml i tv  in a s- mi - i t - t v of li i c t u - n i u  13 . 8 . 13. - S i l t s nil, of tv Io -  -t cel L— only, 2 1)0—tn t i- ts i ’ i o - i-~ w i - i . -  — i

I ~~, l~
( , 3 1 1  ‘I’hat t he gonoc-occus Ir is sr i act ive inocul ated sin ~~~~~ griusiri to I t s ,’ late t ’S l i i i i iu ’ isi ~ it

pliiisp hol ipaim ’ A is su rgt ’stt’d by rdrse rvat ~~~ 
phase , and used as iritis-u lt i t uir I In,’ o pt - v  s- i ,t r inies

that ( lit’ eri l pruduc- t~ I h a t  would result from of broth. I At t tie t int’ ot ct-Il lrsu rvt ’ st - v is i t li’ i- iiisii

so - f ion of f bi s i- Iris-nit’ ar m’ Iip(s,r-t ’nt lv released m id  colonial miii pt ioIog~ is er, is~ i — ~ i t  on (a P I
- - - - - - , , , t i n der t hen ,’ c’ondrt ions ut c-a lt or,’ , the desti - ,-d t ub -il i ini nj_ in i i i ~ n i s i l l s  itt f lit it ) , inms n i 6 3~~ ni ml t ipt ~i I tt i tr ot os it i Iiil iii ’ prt ’sm ’ Iit ,t o rb i t -s  - uilnp;ire expon t ’ r i t ra l phase (‘lr,’rn6-als, l,ys,i,vnie s Et ’ 1 2 I t 7 i . l i - sn i

i~ u nis os -cr of ‘.- i i ion i i l  I~ l i t-s 1 ax is1 I ii rt i i resp ect c-le ts,’ iE(’ :1 I -i ~ i, a rid , - ihuu i i i i i ) i - , i — .1 1 -t : 2
to - i- l lrml ; ir p l o i s 1 i h o l u p n f  coi r iposrt loll rird mom— a- cr,’ prmrcli. is -iI t r i i in i  Sigma (‘Iit ’niis - sul  t o  . Sr

‘s - i  i fm ’ d phuisp hioii p is i— -‘F m c l i  vi t v. Li iri .s_ Mo. l’t miis p l mt i li pi .t it tu ithi rik w i - r u -  pioiii,i-.i-i t

874



~~~Pr ~ _7
~~ ~~

—

~~

--— -- -
“

~~

‘

~

-

~~

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~:,~~
:i; -.-T 

- 
— -

‘~1 : ~~ -.— -—-—

* 
Vui 1 2 7 . I’ a; ~\‘E1SSb 1?JA PIIOSPIIOLII’l t -S A N t )  1’ l lO SI m I iO I ~1I’ASE A 875
tr , mu Si t  sh un lt,- ’a’ ir, hi l .5ilsu r si t uu r v , I..iiidmin , On— 1’li ’ iris : - nn r t ’nn i br’ ,,rit- fra i l ron is is fur ther  pun —
I ~ . m i - . ( ~ a TI ui I , Si I r i m  gu t  I ; contai ii i ng ( ‘ iSO , hi nder lied by Si ms - use de i msi ty grad t ilt ceni t rr t ug it I on m n a
- I iii I —i I ic. i gi I I I a or,’ ichi t a m cii fr om II ri n k ni~in I rr - Sp i nco nint h,’ I I, ul tract ii t rifugt’ si  I h a ii s ~V2-5 I
-I I I I lii’ - I 5 I s I s i ~ ~~t ’sl htci ry , N . ‘i’ - A qu msi u l and I 2— rot or. C rail mi nt s were prepared by I iyu’ r I rig I 2 ml of

I I p I n i n  ~ s i t e  I tic .ii r r s- I t v , ii s t ( ii nniinol I acm - 2-P7; i at/ is - I I sucro se 05 cr i ~ nr I of -~5’ ; I w r ,- ic r c .~ ii-

I ~u s  vs I ~ ,i — , -it t T ‘0 I N ia E ngland N ca-It’sir Corp . , Bos - c rose . A 3 . 0— ni I sunsp le of ’ t he crude nreln 1 m m  ne prt’p—
t u,I) . ‘iI,i-’-- oration SV is lay ered tin thy- top oft’ach grad mt- nt . Af-

Lipid cX Ii .it ’ti un, (‘ . 11-c sce rt ’ ha rst ’nt i-cl during cx -  tt ’r centrifuga l ion s it 51 500 .‘~ g f u r 10 h at 4~ C , the
pi ’ i i u- i l t  s . i t  go a t Is I u ‘ 111* t o 7 “ Ii)’ ( ‘ l’ L ‘inil: optic il resulting nrenihrane nn mte r rsi l  that tiaiiihu’d at a
it - i c - , in n . t  it 7 ii f ;0I) nor I by centrifugal iuuis at 1(1,1)01) hu rycint d -nsi ty of 1 .26 g/cnl ~ asis t’ollu-ct ,’d by sy —
* A’ liii 10 i -m n it 1t~i (‘ , sv stss tit’d once a it h 0 (15 NI ringe , dil uted five- Is ) si xf o ld in 0. t)5 M sod i un i phos-

I I F~ I’ES I ~\ 2- hi s tin , \ % t - I  iv I P )iI’~~t/.I ni- - V  ‘ -2 .m’t hsmiie— phate hrmfhi-r , p h 7 . 5. and cc-nt rifu ge sl su t t~~, It (t (t ‘ g
— t u t u  a ~. i t t u t u u i l t t - n , l’~ 

I 7 . -I , arid t y icp hiihrit ’d . Ls’mip li— for 90 miii nt 4~(7. ‘rhe pe-llu’t is-as issmn t ied lun -e and
1 r,,-d t ,- t t s i i  I i  2 1 ps  welt’ i’x i nor i’d ms pr ,’vru. iusly snispend ed in phosphi t  e butTer at a protein cui nc en~ifr ’s, r if i - . t  - 2. - itri’ ri-c- u s i-c ry mit Ivs u ip hii is p hat idy li-i Ii- (ration of mpprox I mutely 6 mg/rn I ansI st ,ir t ’d at 0 C -

a niu lsim ne F I. l’E I by t his ext ract muin method s i t s  ‘1 1w phiisp tiol i past- A act is- i ty m l  suclr pr, psirsit amos
5-S’ - m s de n,’ ‘nit nt’d b t lii— adm t if ion ill pu ni f iu-d rsimhio— dec- I i nrt -d gra d r i m  I lv s ,st ’ r a 2—is m t -k P u’ m imu m l  - Fsui - longer

l i i , ’  I.J’l ’ .’ ’ I  Iii ’ Impis h t -om p umsi t i i lfl of cells b -fbre periods oh’ srorsmgt ’ . l)ri’Pmlsit ions wi-re ht’lil sI IS 1. ’
physic-a I mi - mm itu r I i i ion a is tIet (-rims r rr, ’d by di n e t  cx— and thawed just helbre assay -
rae-t on ti- c ri ling I ’  It I igh a rid t )vm- r 15 i of’ exp .ine n— I’ hmisph ,t l ipase .% sis ~ay , Thu su b i~ I s i t , - - - u -nip t mire d

tia l-p hsmsi ’ eut lunt ’s. ‘ I ii ,’ rm ’c ma - , - rv ot I,I’E uncl t -r 6w assay of p hiosp hol 1i ssi- is -I is - i t \ -  a-e rm - pr i r ihi t s t ‘ I I—
I tim-se ’ s- s m d t  - min is is Is I-P ; - 1 ‘ro c - ,-m lrrr u --s uist ’d for cot— labeled phs o s p tiol I i~ d~ o u t  so sut ’s l by c li Iorui6ui-r ~ — met Ii—
r it n in e’Iir o n ne it rig rs mp hv . mild s , l kal i ne rn t -thano ly si s , s iniu l extr act ion of Auw i -ti i / ias-tu -r 1101-N g ioan sun
m u d  u l sismn ti t u t i u n l  u if p tl osp lrl ml ip l i I 1w thin—lay e r ch ro— ti n t i-it-n t l)i -iitt i—s - t’as t t’x tr sm ci its t he- pri or -n c - c- u, f 2—
Os m t tgrsup tiv ii’ I_Ct l is m i- c ttt’Cl i pros ’ roust rm-poi’Ied ‘Ii glvce iol I 22 i - All ass smvs a- i-ri ’ pu rl ru n -it ii mali-i-
23 Ret- tn - , ri, . of lililil phosph oru s app lied to the conditions of l inearity a- i i tm rm’spec ’t I.. r u n t ’  5 to 11)

‘r i_C p lat en -si -r i - 95 t i  ~47 e ; - min i and protein cuunc’ e’nt rsut ion i fs ti’ type I - sip t o  II)))

11~1,’ . ( flsm. s plates is thu t i the r  sil ica gel C or si l i c a ji g; for type -I, up lii 1St ) pgl. t hu r inims mt ss. m~ liii > —
gil Ii ini1nri pIrated a lb I mM sodium t etr a bor c rte tore cont ,iis t-d in a hinal vm,l u iom’ tuf I ii nil: t1I1 ) nn sol
w ere n isu de’ 1 . -I mm ( t uc k,  sm ct rv sr t u ’ d nt I li) (’ , and if I I I  t p tss is 1 i har i ml v le-t lr mn o lsmn or ie 5 I’t’ so i-pins-
imst ’ d is r l t u in r  111 n m run . l)i’ve ’lniprne ln t s i t  I . t . t - ti lsites is is n rsoil i ; hh i5 ; n n su ’ t t r s i n rul Hil l niM tt  f-:l’I’:s tssilmr , pit
iii i hm’ f ,m llius. ing su i t s - u - i a  svst , -msss :  us su, t ln- t’nt A , ch Its— 8 th; ant I 5 mM ( ‘ i t t  - ‘Flit- snitist rs ult ’ , ihis ’ — ,r lvm ’~l mn
ri ’ h i rnn i - mn i t ’ t ) isur i u l - a - uu t ’ r  f15 . :bS:5 , v,iI/vol/vol ) for ho— ct i l or i uhimrnn—r ot ’ t t is m iumml 2 :1 - s u i t  , i u t l  ii m~— ud ut , ’ t t  li u l i s t ’
u -,inm- _ mn i inri-g nsi t t- i l pi s t m ’ s, and l i i i  s um -u-ni U, c l ilmi r m .— ri- mc i r,mlr tube and t-n - si t ro rs i t m ’ ul to  ,hv isu-s ,  in n u i  i i i .
f i i rm- m ,’ iha ’ i , rl—S N NIl  1)11 I I;5:3o - s . s u i t  viii - n- is l I f u r  Mc ’ ils nnim l 01 .1 nil I is ms solil,-d st int I lit’ inumxInm r , ’  i ss i s
si l i ca gm-I C plat m-s .  L i pid s w i t ’,- vi su rs i l iz m ’d wi th the ’ agi tat e d s - ig i u r , i us t y ii i a Vu i r t t -x  u s i n . - i  r im s iss i i t ’ i r d
t u i tI ons sn ip .n~ s us rt’ Igt’lits in lint’ seonii’nt’e sspt’ci fieml: the sub sf rs i tu - . The tills ,- ,’ isos is  rs ’ i rs l i iurnl ’ nt au’ rt’
l i i  to tsml  l i 1 i : I a m s  viscmsi l i - im’m l wit h riuminn e vsupmin’ , liii added , m ut t the- r , -ac t sus n  w a s  lilt ru -ut liv I t im-  ad s ls-
smnium nu t  t i l l  nirgt’n a-as v uucs m m lmt.e-ml si - it h I) .2° nr n hvd ni n t lo n of th e li remhr ml n, ’ 51) to  Ilt i ) I’ P of pr Im-mn I All F

mum sic’eiui n i ’ t ’ m lt , i ss - u- t l liv l i t-si t ing at l I l t  C himr 5 ra in, enzym e sms.s,irs wi n,’ bic’u’lo rir u-sJ i ns  dem p l ic u l t ’  (‘ t i n—
and t a r  u ur ; :sm n h- irh ist iho rus a ;~ —s n ’ss usi lm -zm-d liv the Ini,ls thsm l c u int s i i ni -d all of tin , ’ s r i g r i - i h i t - n n t s  exc u ’ p t  (lit’
phuis p ha lm ’ —l i a r  r m-smgt ’n t  mit ’ I) i t l  la ir sind I_ ester (101. ns t-mb rsinie s s sopi’nl ss uss or t h s m t  c- r i o t s m m n e , f  lit- it — r i r ir l r-

Isolsitumin iii niernhrxincs . Cells a-er - c- l i s irse ’ st t ’ d s is vated xnsi-nit ir - smnri-s I Ir)0 (’ , 11 n n r rn i  I sv r ’ i u -  m ilcl Ush, .-d t o  _____________

ilt-se-nibeil s i lud s msp m- i usl m ’ ,l sit a c’onc-t-n t n-sit ion of I p tI m -I er~n I nc no lni ’ r i i ins mt ii’ hvd rid vsi n if ssi list rsm t t- -

a ii wm ’ igh: I of ce l ls  b r  10 nI urf (b . t t5 M I IE[’ES The- hick g rou uid s t c - t i n - i l ~ .itil u osm-s t  sijI Is m i t  t n t ’r type-
u n ITer, p h 1~~ -t c- s unt o i l i n ig It .6 tst s i se rsise ’ . l, vs i u ivsstn ’  c’ im n mt i ’ ot  is is (Ii,’ s t o i c ’ . f r i m i hc t i t  m m m i  x i ,  I’E,
a in added it a u- onct ’nt r si t  ton oh ’ 10 mg per p s i t - I  i ’ ll Icardtui li pini il l,’ s m u t  I I I  Iptios inli s ut mi t v bg lvi- e’ro l
w - i g ht I of m i l l s  and mnn-ni b iti’d it room temperatu i ’e I l’G I ss - t -t - e i t - sle d is s h u nt r i m  u - s Re m i t  ion m ix tures
ti’r Ii nun wit h s t i r r ing.  Cells wI- r i -  Ivsed by the is_ i- s - i- is it ,-ss - r i t i i -u t fmir I’E , i -s t  i- )ii that 1W nn ’nir l u ,t ’ CI, I 

-
si dmtu i t in mit I)) vol u mnu m ’ s uf ice —cs m l d dist illed w u t e r .  12-l l i  rpni/ rr n sum l I or 13(1 rnniu, t mi t  PG m 1s3 c l inii/r l f l i o h I
Ahl,’r tic - u i- it e m for (itt mm si t -t ( ‘ , the suspensiuln was sit ltlt’il.
Si ms m- en t r i l si gem l sit 65 ,001) g for 911 rain at -IC , ant i ‘Him’ m m m l lI mo m m x t s r r u ’  wa s snciil iil,’d sit 17 1’ si- it h
( hi , ’ nm- u s c m t t  s u g  nu r , ’ mhr mn u ’  pelk-t w it s susp ende d in s h aking for 211 w in , m u d  It o ’ ru- ~t e l  ion a is I t -rio sui s m lm’cl *

i sis M ~m m iti - sIn i phm usp hi iie hc mt ’hi- r , p 11 7 5 i t O  m ig of liv th e s ut ls l i t i t rn  of 2.11 un it il in, itr s m n ui i l .  ‘Fl it ’ i i i I \ t s O I
origina l c e l l s  wi-I wm’ ig lit i ) ‘ Flit s l l r m-pmrsi t  turn i s s is ir is blt’ndi’d wi t h  si \ ‘uir t i -s  ns~ s i - ’ m mm d i lu r urum ’ d i s ut el
s ts m-ar t ’tI hr t is u psisssig u ’s I hr on mg h sin lM .g inmg , ’ rh ihl , ’d um n un -i’ . ‘l ’ t i m ’ f is l l isa - u ng i u t d s t m r m i ’. ii I- I - i’ n i smnt u
iri-,’mIlt’ , u m sc r hisit,’d s , - i t tm el, ’ i ,xvnrhm min mu i ,-Ie ’ us ,— m d  riho- s i-u) tm m’ n li; m llv : I t )  n i l  sf  ct ilr uri rfo ruui , a it lt ~‘iirl,’x
l i i ic - l t ’ , ms t ’ 2 -o p p t il ori g in a l m’ m ’ l ls ia-m’ t se-eight ii for 3)1 hle -nr l ur ug : I I I  1111 m i t  ii ;m lu r plus I i t  no t uI ,-fulor - iifi urnum ,
nato it Ii I’ . m i i i t  c - i -ni l  nif iugeul it 65 , )hhil ) g fm ,r 911 nun ssu t lm \ ‘ i u r l i - x  h t m ’ r r ml in g .  ‘ l ’h is n r r x t  s l i t -  is Is m’hsshh u -d  onr
il - I m ‘ ‘t hu, rni ’rn ihratse 1it’ lli-t se-as ws isfie ’d once by wi ’ s mnu u l  c- t n t  nu t img i ’d 121)1) ‘- bin -I m n r s n ,  25 1 ’ m m

c m ii) ri f migi t  ei r i m o th sni s pu ’ mi t l i-ch In ~ul rOsp lr i t m ’  hm il f ,- r h is - f s mt - ml i l a t i ’  s i- pa n - il iuun oh th u s- i i i g s u m u s e - s i nai u, 1 iii-miuis _____________________________

s u u ; i i t-uil is i l  Ii tI~s t Pi I hi rt aug h 18 — si naI 2b )—~,’ ucmgm ’ pha~m’~ ‘I’hui’ smm l nm m ’ i r rm s l u v t - l  is , i - ~ tm ’ nnu u vm -i h sinai t x .  _____________________________
nt’t’dl,’s. - trs ,c t t- d n~- mi hn sin sumh i l l t  t i t l l s i l  2 i i  miii ut t ’iulrm roh ’iir nr i . ‘l It ,’ 

___________ 
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876 SF’NFI” E’l’ ~~~ J BA C1-m acuol ,.

c’onihunt’d i in hiii.i)l’i)riis t o m ’ r s  is-crc’ es-s upor m(t -ci to d ry- 0151115, F. c t’ separated by l)r,’Parat ivi’ ‘l’LC ivith
u i t s s t in der a st resin s i mf ii itrogt’ni intl di ssm,l ned in a silica pt-i 11 t’imnta in i rig I mM sod ci ni  tet rabtir’
kratwn v um li tme s t ch lmm rurf i ir rii- nit ’ths mi i iit .si -st e- r ate antI s,ilvm’nt A ms the dc’s-eloping sit lvent,21 :0.1 , s’c i!/ s-oI/vt ult. Urilsmtic’ lec l LPE se-as added 5i5 ’l’ lit’ isim il etc ’d FE was petit ’ is determined bycsmrrrt ’ r sund t hi’ eru t I re ssim pIe’ seas slirul t u-ti on hcirsmtt ’ — ‘F LC a nil (Id-nil u)nst i-ated -liu’iimal ogr’u ph it’ iden—r Inpreglisit, d I L(. pI m l ,-s and dc’s-c loped iii sol sent A . .  - - , -
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