IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1954

The effect of organometalhc and quaternary
ammonium compounds on the growth of
microorganisms

Lowell Lawrence Wallen
Towa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
& Part of the Biochemistry Commons

Recommended Citation

Wallen, Lowell Lawrence, "The effect of organometallic and quaternary ammonium compounds on the growth of microorganisms "
(1954). Retrospective Theses and Dissertations. 14151.
https://lib.dr.iastate.edu/rtd /14151

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14151&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14151&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14151&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14151&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14151&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14151&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/2?utm_source=lib.dr.iastate.edu%2Frtd%2F14151&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/14151?utm_source=lib.dr.iastate.edu%2Frtd%2F14151&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

INFORMATION TO USERS

This manuscript has been reproduced from the microfiim master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of
computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and continuing
from left to right in equal sections with small overlaps.

ProQuest Information and Learning
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600

®

UMI






NOTE TO USERS

This reproduction is the best copy available.

UMI






THE EFFECT OF ORGANOMETALLIC AND QUATERNARY AMMONIUM
COMPOUNDS ON THE GROWTH OF MICROORGANISMS

by
Lowell L. Wallen

A Dissertation Submitted to the
Graduate Faculty in Partial Fulfillment of
The Requirements for the Degree of

DOCTOE.{ OF‘,.P,HI'LQSOPHY

MéBBi;SungctJ- B}oéhemletry

Approved: el Al e

Signature was redacted for privacy.
In Charge of M&jJor Work

Signature was redacted for privacy.

Head of Major Department

Signature was redacted for privacy.
Dean of Graduate College

Towa State College
1964



UMI Number: DP13033

®

UMI

UMI Microform DP13033

Copyright 2005 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, M1 48106-1346



11

TABLE OF CONTENTS

I. INTRODUCTIONI..-.....ll...C'.p.o...l‘.'..lll.!...
Ixt RFVIEW OF LITERATURE ----- ® 080 000 20 0o 08 G2t e

A. IntroduCtion.l.C...’...l..'l.l.......t.-...
B. MlicroorganlemsS...ccccvevecrocacecaccnannnna

1. S8accheromyces cerevislpe........... .o
2. Asgperglllus niger.......... ceetesaas .
3. LactobacIllus delbrueckil...ceeeevasne
4. Acetobacter suboxydaNS.eecaeceses seeve

5. Lactobacillus casBel.e.ceeeciecccancsecsne
6. Clostridium acetobutylicCUMeececcesasas

C. Orgenometallic Chemotherapye.eeecesscecscas

1. History of organometallic compounds..
2. Nature of organometalllc compounds...
3+ Chemotherapeutic properties of organ-
ometallic compoundsSe...... cessessans
4, Recent studles of organometallic
chemotherapyeeeieeeeessececnonesnane

D. Quaternary Ammonlum CompoundS...cecsessccse

1. History of quaternary ammonium com-
POUNAB. covvvsssnsnssonssessnnsesssas

2. Nature of quaternary ammonium com-
POUNABeceeesssoccenscsons cesseacsesnae

3. Recent studles of quaternary ammonlium
COMPOUNGABeancsesvscssossocsssoccosons

E. Resplration and Metabolism of Mlcroorgan-

18m80.............‘.....“.lb......l.b...’.

III- MATERIALS...-.v..o‘.o-.co.onoonoo.oc-.to-o-.oo.n-
A. CultureS............ s 0 @000 80000 seDebenoo
B. Ingredients of Medla.eeeeoaeseesensasscannsns

1. Glucosec-lo'-O-i.-..o.ou.-!|otc-t.tiu
“oe Yeast extract.....-..-...............
3. Peptonized milKkieeeeveoveeeneeenosoee
4. Corn....... e 8 ® 9 00 00 ® 04 s e 0 0o ® e ® 00
5. SorbitOl..‘.-.. ..... ssenes 00000000

T 4T

Page

-
HHODO® oo o -

13

13
16

19
22
26

26
28
35

38
48

48
48

48
49
49

49



111

TABLE OF CONTENTS (continued)

C. Speclal Solutions and ChemicalB8.....co000e00

1.
2.
e
4.
5.
6.

Iv. METHODS.O.......loo...............

Solutions of test compoundBecececeecocee
BAL......."'.....'..'.‘.............'-
Y-Diethylaminopropanol....cceeececes .
Diphenylmercury.cc.ceeescececacccsccssnsne
Other organlc compound8es.ceece.. ceess
ReagentBeceeceeecececnane ceeeens cesense

® @ 6 0 DO 00O eSO ene

A. “]arburg ApD&ratueoo-......-..--.-.--....-o-o

B. Fermentation Procedure8...ccecececece.

1. Aerobes.l‘..‘.I.l..’l...'.l...‘..d.l..
2, AngerobeSec.ccescscccss ceecscescscases
C. Analytical ProcedureBS........cocceeeeaces cess

l. Deteotion of sorbose by chromatography
2. Determination of aceton€.c.ccecececcces
3« Determinatlion of total solvents.......
4, Determination of reduclng sugarBe.....
5. Determination of volatile acids(total)
6. Determinatlion of concentrations of

organometallic intermedlateBeceecee..
7. Determination of the presence of

organometallic intermediates....cceee
8. Qualitative determination of elements
9. Quantitative determination of

elementﬂ.........-....... ..... so e 000

D. synthetlo PrOOEdureB.-......-.............oo

1.
2.

Nitrogen purification.....ccveeeecoces
Melting polnts‘..ocaacuooooo.oo...c.t.

V. EXPERIMENTAL RESULTS..-..-..'.-.o-oocboiooaoo.o-..

A. Syntheslis of Organlic CompoundS.s.ccceececcs.

l.
2,
Se

4.

Preparation of phenyllithlumeceecseese
Preparation of triphenyllead lithium .
Preparation of y-dlethylaminopropyl
chlorldeotltﬂntoi.OOCQO.............0
Preparation of triphenyl-Yy -dlethyl-
aminopropyllestlecececcecececsccccocnns



VI.
VII.

B.

C.

iv

TABLE OF CONTENTS (continued)

Preparation of triphenyl-yY -(diethyl-
methylammonium)-propyllead methosulfate
Preparation of p-tolyllithium...ceceeees
Preparation of triphenyllead chloride...
Preparation of triphenyl-n-tolyllead....
Preparation of triphenylmethyl chloride.
Preparation of triphenylmethyl sodium...

1l. Preparstion of 4,4,4-triphenyl-n-butyl-
diethylamine......-..-...-.......w.....
12, Preparation of 4,4,4~-triphenyl-n-butyl-
diethyl-methylammonium methosulfate....
13. Preparation of n-propyldiethylamine.....
14. Preparation of methyldlethyl-n-propyl-
ammonium methosulfateseicececscceccanes
Preliminary ExperimentsS.eeecccece«.. ceesenccne
1. Solvents and s0lubillityecececercncncnnsns
2. Effeoct of the presence of yeast extract
on glucoge a8NBlyBEBeecscssscscsscsoesane
3. Exposure of medla contalning an organo-
iead detergent to air-borne microorgan-
sms....-..............................
4, Growth of an alr-borne mold in the pres-
ence of an organolead compound.ecececess
5. Growth tests of microorganisms in the
presence of an organotin compound...a...
6. Growth of Saccharomyces cerevisise in

the presence of tetrakis-(p-dimethyl-
aminophenyl)-lead tetramethiodidese....

Tests Conducted on Microorganisms Usilng
Organic Compounds.............-..-..-o...-..

1.
2.
5.
4,
5.

Asperglllus niger..eccceess tecessenssne
Saccharomyces cerevisigBeceerececccscses
Acetobagclter suboxydaNSeeeeeccencnccascnns
Clostridium acetobutylloum...ceecceeccsse
Lact0b301llus casei...-.................

DISCUSSION AND CONCLUSIONS..ecesveceococscocsccsss
sUI’iI&ARY......cl.-...o.onoc

e 0 80 0 0o 00t oS0 000 b

82
83a
84

85

86

86
88
142
153
162

167
180



v

TABLE OF CONTENTS (continued)

Page

VIII. LITERATURE CITEDeccececcocsssscccsscocecsvoans 186
IX- ACKNOWLEDGEMENTSO..."........................ 199



I. INTRODUCTION

The presence of microorganisms upon the earth is univer-
gal, and they can be found almost anywhere man may search
for them. The fact of thelr exlstence has not always been
known since they are too small to be observed by the naked
eye. However, this does not presume that they are of little
importance, for some are endowed with tremendous potentiali-
tles for good and some for evil. They can survive under a
great variety of conditions, and in addition, they multiply
80 rapidly that the destruction of milllons of them is often
of no consequence to their survival,

The man chlefly responslible for enabling microorganisms
to be seen was a Dutch linen merchant turned investigator,
AntonJ van Leeuwenhoek (1632-1723), who was skilled in the
art of making lenses to the extent that he fashloned a type
of crude microscope. With such an instrument, van
Leeuwenhoek was able to observe microorganisms, which he
called "animalcules" (45),

Since then, the study of mioroorganisms has increased
in scope, and as a result, the entire overall concept of a
bacterial cell is so vast that no single person is able to
master 1t 1in 1ts entirety. The scope included in the genesis,
lifespan end death of a cell involves all branches of chem-
lsatry, as well as physics, genetlos, bacteriology, cytology,

physlology, and many other branches of sclence, making 1t



necessary for one who endeavors to work with mlcroorganisms
to speclalize in a limited area of research and thus add
his flndings to those of past years to help complete the
ever-growing plcture.

The activity of harmful and undesirable microorganisms
has constantly challenged mankind in his attempt to gain
mastery over them. Among the primary reasons for this ef-
fort is the control of diseases, many of which are usually
attributed to microorganisms. Thus there have been many at-
tempts to destroy these causative agents and therefore rid
the world of diseases. This search continues unabated, and
has resulted in a tremendous collection of publlished mate-
rial dealing with methods for controlling or eliminating
troublesome and pathogenic microorganisms from the body or
wherever they may be found,

Chemotherapy is the science of therapeutlics which em-
ploys chemlcal reagents toxic to the organisms, but not toxic
(or only slightly so) to the host. Some compounds have
involved a metal atom in theilr structure and have been very
beneficlal to man. Metals or thelr salts have been used for
many years since the second century when mercury was employed
by the anclents of the medical trade (149), but of more
recent note 1ls Salvarsan, an organometallic compound prepared
by Paul thrlich, which has been used for the treatment of
syphlilis for many years.

Organometalllc compounds have been defined very



generally as organic compounds which incorporate a metal in
their structure. This could include the metal salts of or-
ganlc acids, so this generalizatlon usually excludes salts

of this kind. A true organometallic compound, in the strict-
est sense, is one 1n which all normal valences of the metal
atom are employed in a carbon-to-metal bond for each valence,
The chemical literature has many references to organometal-
lic compounds of the type where one carbon-to-metal bond is
present, but the other bond(s) of the metal 1s usually par-
tially or totally ionlec.

This investigatlon entalls the use of organometallic
compounds in the strictest sense of the meaning only; 1i.e.,
where all valence bonds of the metal are to carbon, with the
exception of triphenylsilanol. These compounds have recelived
little or no attentlon as to their effect on microorganisms,
80 1t was felt that an investigation of their action was
Justified. By observing the influence of varying types and
concentrations of organometalllc compounds upon different
phases of a fermentatlon, one can draw helpful conclusions
which would be useful in comparing these compounds with others
of a similar type. Because many new organometallic compounds
have been syntheslzed, and because thelr history has shown
promigse for chemotherapeutlc usage, the growth of different
orgenisms in thelr presence was observed and studiled.

One of these organometallic compounds; i.e., triphenyl-

Y- (diethylmethylammonium)-propyllead methosulfate, is a



true organometallic compound as well as a quaternary ammoni-
um compound. In order to test the compound for the effect
of the presence of the lead atom, the lead-free, carbon atom
analog was synthesized and charaocterized since it 1s a new
compound. The quaternary ammonium compounds are members of
another class of bactericidal agents which has been ex-
ploited by man. A study of thelr effect in the case of the
organometallic type mentioned was also undertaken because of
the dual nature of this compound.

It 18 hoped that the conclusionsg reached on the basis
of research accomplished with these compounds may be useful
to persons interested in extending this investigation.

These two classes of compounds may possibly possess some

points in common in regard to their modus operandl in attain-

ing thelr ultimate actlon on the microorganisms. Such a

viewpoint has been proposed by Valko and DuBois (142), and
will be'discussed later.



II. REVIEW OF LITERATURE

A, Introduction

The scope of the investigations to date on bactericidal
and bacterlostatic methods has grown to overwhelming propor-
tions. S8peclallization within rather narrowly defined filelds
has been followed of necesslity, and therefore, an all in-
cluslve review of bacterlostasis 1s not possible here. The
background of history relative to thls problem includes re-
search asgsoclated with the chemotherspeutlic approach in
which metal-contalning organic compounds (i.e., organometal-
lic compounds in general) are consldered; also that approach
which involves a broad generallzatlon of the development of
catlionic surface-actlive compounds of the substituted
"ammonium" types.

A representative group of microorganisms was studied in
the course of the investlgations reported in this thesis,
including a yeast, a mold, and different bacteria which are
aeroblc, mioroaerophilic, and anaerobic in behavior. The ef-
fects of the different compounds used here were evaluated in
terms of the growth observed and the sugar utilized; also
measured was the resplration of the cells at different con-
centration levels of compounds added. Many workers (31, 76,
89, 95) have undertaken investigations of the action of or-

ganometalllc and quaternary ammonium compounds on the



respiratory activitlies of cells, so 1t was felt that the ef-
fect of the compounds used here should also be studled. 1In
addition, the chemotherapy of dilseases 1lnvolves either the
cegsation or inhibition of growth of the toxlc organism in
the host, so a review of this aspect of research is included.
Some literature describing the organisms in a generally de-
scriptive sense 1s also included as review material for
orlentatlon purposes, and additional reference is made to the

historical background of organometallic compounds,

B. Microorganisms

l, Saccharomyces cerevislae

The yeasts are classlfled as a part of the fungi, and

are further subdivided into two groupingé of Ascomycetes,

l.e., "yeast-1like" and "mold-like". The organism, Ssccharo-

myces cerevlsiase, is a Yyeast-like" Ascomycete, or a true

yeast. 1Its cells are large compared to bacterial cells.

It reproduces by forming buds on the surface of the parent
cell which enlarge and bresk away to be new cells. The

yeast cells are non-motlile, and obtaln their nutrient re-
qulirements by absorption of soluble metabolites through their
cell walls. They give a Gram positive staln, and can be cul-
tivated on glucose gnd yeast extract medium, as the latter

material conteins the necessary growth factors.



This organism is fermentstlive in its actlivity, producing
ethanol and carbon dioxide from sugar anaerobically via the
Meyerhof-Embden-Parnas scheme. Physiologically, the cells

of Saccharomyces cerevislae are very similar to bacterial

cells. Schmitthenner (123) has observed that carbon dloxide,
a normal product of this fermentstion, will halt multiplica-

tion of Saccharomyces cerevisiae and other strailns if it 1is

present in a concentration of 1.5 per cent at 7.7 atm. at
15° C. The cells were killed only if a pressure of 30 atm.
of carbon dloxlde was meintalned for a long period. A simi-
lar effect was observed with acetic acid and lactic acid

organisms.

An analysis of the cell wsll of Saccharomyces cerevisiae

by Northcote and Horne (106) showed it to be made of two mem-
branes, one of which was composed of glucan polyglucldes, and
the second one made up of protein or mannan, or mannan asso=-
clated with the protein. Their examination of the structure
gshowed glycogen apparently i1s not a part of the structure of
the cell wall. Bud scars were found, however, and thelr ex-
lstence was regarded as important to the behavior of the cell
wall as an osmotic boundary. This information may be of

lmportance in this study of Saccharomyces cerevisiae in regard

to the entrance of nutrilites and organometallic compounds
into the yeast cell.
There are a multlitude of compounds in yeast so a complete

dlscusslon of Saccharomyces cerevislae cannot be made here.




A listing of the compounds in yeast has been complled by
Smith (129).

2. Aspergillus niger

This organism is classified as a mold, and has the nec-
essary enzyme systems to cause the breakdown of starch to
soluble sugars, which are then converted to the products of
fermentation. Thus, by means of the glucose oxldase of this
organism, which was first described by Miiller (102), this
mold oxldizes glucose to gluconlc acid, the product resulting
from oxidation of the number one carbon atom of glucose to
8 carboxyl group.

As the production of gluconic acld will cause a drop in
the pH, the addltion of celclum carbonate to the medium
serves to produce the salt, calcium gluconate, and thus pre-
vent development of too acld conditlons.

The conversion of glucose to gluconlic aclid requires
oxygen so this mold 1s grown as a "shake culture", in a sult-
able shaking device, allowing the admixture of oxygen and'

medlum. Other stralns of Aspergillus niger have been devel-

oped which produce cltric acld instead of gluconlc acid.

Je Lactobaclllus delbrueckil

The production of lactic acid is an old process in

which fermentation has played a major role. One of the



organisms producing lactic acid is Lactobacillus delbrueckii,

which utilizes sugars such as glucose for 1its production.
During the fermentatlion, the consequent increase in acld
content willl lower the pH of the medium to a level where
growth will soon cease. Therefore, 1t 18 necessary to add
calolum carbonate to a medium in which this organism is grow-
ing; this removes the lactic scid by conversion to calcium
lactate.

This organism has no cytochrome or cytochrome oxidase,
and no catalase, but because of the flavoproteln enzyme
present, it 1s able to utilize oxygen of the alr for lts
metabolic processes. However, because hydrogen peroxide 1is
formed and the organlsm has no catalase present, 1t ceases
to grow because of the accumulation of thils peroxide.

This organism 1s classified as a homofermentative lec-
tic acid bacterium; i.e., it produces only lactic acld. It
1s grown best at 45° C., 80 18 one of the thermophllic bac-
teria. Riboflavin 1s a required metabolite which must be
added to the medium for growth,

4. Acetobacter suboxydans

Another of the aerobic organisms requiring oxygen 1s

Acetobaoter suboxydans. The Acetobacter speclies includes

the acetic acld organismes and are of great importance indus-

trially. Acetobacter suboxydesns is able to selectively
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dehydrogenete the fifth carbon atom of the sugar alcohol sor-
bltol, giving rise to the keto sugar sorbose. The reaction
ls aerobic, so shake cultures are used. If the organism 1is
allowed to grow in a flask which le left undilsturbed a pel-
licle or scummy growth will result, possessing a characteris-
tlc stale odor. Jspanese workers (7), by use of the Thunberg
technique, have shown strong glucose oxldase and gluconlc

acld oxidase activity in Acetobacter suboxydans. King and

Cheldelin (74), however, have investigated the oxldative
metabollasm of this organlism and say that the cltric acild
(Krebs) cycle does not play a major role, if any, in Aceto-

bacter suboxydans.

Because Acetobacter suboxydans lacks catalase, the hydro-

gen peroxlde which 1s formed during intensive oxidation 1is
not removed by decomposition, thereby causing a retardation
of growth. Russian workers (99) have added catalase to the

media of two Acetobacter organlsms, Acetobacter melanogenum

and Acetobacter suboxydsns and noted an increase in the rate

of oxldation of sorbltol to sorbose. Blood was zlso found to
replace catalase in regard to this increase in rate.

It was shown in the discussion of Saccharomyces cerevisg-

lae that positive pressures of carbon dlioxide would halt cell
multiplication and even csuse death (123). This effect was

also noted with Acetobacter organisms.
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5. Lactobacillus casel

Another bacterium of the Lactobacillus specles was used

in thls study; like Lactobaclllus delbrueckil it has no cata-

lase or hematin pigments (133), but in addition, it does
not seem to have any blological system for carrying out the
oxldation of substrate. Oxygen is not toxic to this organ-
lsm, and no hydrogen peroxlde is formed.

Biotin and follc acld are required for growth (146) and
lmproved growth will result from alanine, isoleucine, threo-
nine, methionine, lysine, and histldine (133), although many
other amino aclds must be present as requlrements as well as
riboflavin. The use of yeast extract and peptonlized milk
powder in the medium will supply these aclds, however, so
these materlals are used, along with glucose and calclum ocar-
bonate to control the pH. Because of these amino acld re-

qulrements, Lactobaclllus casel is often used in the micro-

blological assay for certaln amino asclds. The optimum

temperature for cultivatlon and growth is 30° C.

6. Clostridium acetobutylicum

All bacterlia classified as Clostridia are anaerobic
Gram positive rods, and differ from the other organisms used
in this study in the respect that they are spore-formers.

Clostridium acetobutylicum is a non-pathogenic member of the

Clostridium specles, and produces butanol, acetone, and
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ethanol in a ratlo of 6:3:1 usling grain starches as a sub-
strate. Use of a cooked whole graln mash suffices to provide
the necessary nutrients and starch for the fermentation.

Clostridium acetobutylicum can degrade starch because of

the presence of the two enzymes, amylase and maltase, which
act together to produce glucose. This can then be metabo-
lized by the organism. Stephenson (133) has stated that
both amylase and maltase are formed if the organlism ls grown
on corn meal, but when yeasst autolysate and maltose are used,
only maltase 1s formed. If sucrose or glucose replaces mal-
tose, however, neilther amylase nor maltase will be produced,
so the organism apparently produces amylase or maltase only

if elther of them 1s needed. The maltase of Clostridium

acetobutylicum 18 a "true" maltase; i.e., 1t acts specifi-

cally on maltose and not on o<- glucosldes (such as sucrose).
French and Knapp (44) found, however, that although glucose

was the only product resulting from the action of maltase on

maltose, the maltase of Clostridlum agcetobutylicum will re-
move glucose units individually from the non-reducing tefminus
of a starch chaln resulting in extensive hydrolysis of

gtarch,

Clostridium acetobutylioum produces butyrlic and acetio

aclds as does Clostridium butyricum, but goes a step further,

reducling these aclds to produce the corresponding four and
two-carbon alecohols, respectively, as well as acetone. The

latter compound arises from acetoacetlc acid through
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decarboxylation as shown by Johnson, Peterson and Fred (72).
A very interesting study of the origin of the butanol, etha-
nol and acetone by measns of added acetic snd butyric acids
and acetone which were labeled wilth 015 has been made by
Wood, Brown and Werkman (148). It shows that added acetste
18 not quantlitatively converted to acetone, but much of it
appears as butanol (55 per cent)., Thls organism has a
hydrogenase and also dehydrogenases for glucose and pyruvic
acid. The decarboxylation of acetoacetlc scld is possible
because of acetoacetic acld decarboxylase which is present
and which has been isolated. The varlety of products pro-

duced by Clostridium acetobutylicum is the reason why this

organilsm has been studled extensively sand 1s being used in

industrial processes,

C. Organomgtallic Chemotherapy

1. History of organometallic compounds

When Frankland attempted the preparation of free ethyl
radicals 1in 1849 by reactling ethyl lodide with zlnc metsl,
he obtained the first organometallic compound prepared by
man; dlethylzinc (43). He extended his work to include com=-
pounds of arsenic, antimony and phosphorus, thereby laying
a firm foundation upon which the entire field of organometal-
lic chemistry has grown. The observation of the use of the

maximum possible valences of the metals producing
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organometallic compounds was halled by some early workers who
supported the then current views held by Kekule in the fixity
of Valeﬁce (50). An example of this behavior on the part of
organometallic compounds 1s tetraphenyllead. Normesl inor-
ganlc salts of lead have divalent lead present, whereas the
organolead compound has lead with a valence of four. Even
hydrolysls of tetraphenyllead by acids to give, for example,
diphenyllead dichloride will yleld a product in which the
valence of lead 1s still four.

Ehrlich's research in the fleld of chemotherapy resulted
in other early contributions to the organometallic field when
he prepared organoarsenic compounds and applled them to the
treatment of syphilis and trypanosome infectlons such as
gleeping slckness. Ehrlich was interested in the curative
propertles of dyes and attributed these properties to the
nitrogen stoms of the azo llinkages. Thus he began research
on a lower member of the Group V elements, arsenic (40), and
from this Ainterest came arsphenamine (Salvarsan), atoxyl,
neoarsphenamine and others which advanced the sclence of or-
ganometallic chemistry in the chemotherapeutic field.

Before Ehrlich's discoverles, Victor Grignard had ex-
panded and developed the earlier discoveries of his teacher,
Berbler, and had presented a method of preparlng organomasg-
nesium halides which possessed such a falrly high degree of
reactivity as to make them extremely valuable as intermedlates

in the synthesis of alcohols, hydrocarbons, acids, etc. This

work has had a very large influence on the methods used today
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for the preparation of organometallic compounds which employ
other elements as the metal atom.

An early preparation of di-gec-butylmercury occurred in
1906 when Tafel (137) isoleted this compound as a result of
1ts formation by methyl ethyl ketone and sulfuric acid in an
electrolysis which employed a mercury cathode.

Other historical examples could be glven for the early
preparation of organometallic compounds, such as dicyclohexyl-
mercury (59), tetraphenyllead, in 1914, tetracyclohexyllead
and tetracyclohexyltin (60), or diphenyldi-o-tolyllead (84)
in 1916, but these should be sufficlent to show that wide-
spread efforts on the part of many organic chemists helped
to bring about the rapid expansion of the ever-growing list
of organometzllic compounds which led to the great variety of
today. New methods of preparation are constantly being
found, and industrial uses explolted in thils rather "young"

branch of chemistry.

2. Nature of organometallic compounds

The physical propertles of organometalllc compounds are
gimilar to those of any compound one might use for compari-
son. One 1s known which is a gas and the others are lliquids
or solids. Those of low molecular weilght are liquids at
room temperature, as there 18 only one gaseous organometallic

compound, trimethylboron (50). A well known organolead
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compound in wide use today, tetraethyllead, for example, 1is
a heavy, colorless liquid, insoluble in water, having a
deceptive, pleasant frulity odor in spite of its highly toxle
nature. The corresponding tetrsaryllead derivatives such as
tetraphenyllead, are colorless sollids with definite melting
points. Like the tetraalkyllead derivatives, they are in-
soluble in water, but soluble in benzene, chloroform, and
carbon disulfide (23).

The thermal stabllity of organometalllic compounds covers
8 large range from the extremely unstable compounds to those
which can be distilled at atmospherlc pressures. Some com-
pounds wlll decompose spontaneously yet are not chemically
reactive, such as organosilver and organogold compounds;
methylsodium decomposes with spontaneous flammgbllity and
also shows high reactivity, whille tetramethyllead can be dls-
tilled at atmospherlc pressure, and distills without decom-
position at 110° ¢, (23). Ultraviolet irradiation was shown
to lead to the breakdown of diphenylmercury (113), depending
on the solvent used for these studles. In ethyl bromide,
lsopropyl bromide or bls-(S -chloroethyl)-ether, diphenyl-
meroury gave 74, 59, and 71 per cent ylelds of benzene and
phenylmercurlic bromide or chloride in 12 to 15 hours, respec-
tively. Chlorobenzene as a solvent gave calomel and some
tars in 120 hours, whereas bromobenzene gave phenylmercuric
bromide (40 per cent) gnd unreacted diphenylmercury (50 per

cent) in 18 hours. No decomposition occurred in carbon
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disulfide or carbon polysulfide solutlions. Because of these
observations it 1s best to keep organometalllic compounds and
solutions stored in a dark place,

A clasgification into three groups based on chemical
reactivity can be made for all organometallic compounds.
These three types are: (1) highly reactive, (2) moderately
reactive, and (3) relatively unreactive (60). As organo-
metalllc compounds are best employed, in a synthetlc sense,
by addition to a double bond of another reactant, they have
been classifled on this basis, placing all those of type 1
in the class of compounds which add to the olefinic and car-
bonyl double bonds. Type 2 organometallic compounds add only
to the carbonyl double bonds, and type 3 add to neither the
olefinlc nor the carbonyl type of bond. Thus one finds the
organoalkall compounds in type 1, the Grignard reagents,
organocalcium, organomagnesium and other types in type 2,
and organolead, organomercury and organotin compounds in type
3 (80).

Various studles of the nature of the carbon-to-metal
bonds of organometallic compounds have been made.
Anantakrishnan (5) has examined alkali alkyl compounds (such
as ethylsodium, methylpotassium) and found them to he essen-
tlally salt-like as the carbon-metal bond was ionic in char-
acter. He showed that the melting and bolling points of such
compounds are also in agreement with this postulated ionic

character, and in addition, he clted the speotroscopic
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studles of Frank and Herzberg, the electronegativity values
obtained by Gordy (58), as well as potentlal energy curves

of Baughan et al. (15). Smyth (130), in a study of the
dipole moments of organic molecules containing mercury,
germanium, tin, lead, antimony, and chlorine, bromine and
lodine, found the bonds between carbon and metal to be essen-~
tislly covalent. Those Joining metal with the halogens in
the.same compound were ags lonic as bonds in typlcal salts
where the bond conslsts of oppositely-charged lons.

These observations show that metals of the periodic
table differ in their properties when present as inorganic
compounds as contrasted to orgesnometallic compounds. It can
be seen that tetraphenyllead would have four covalent bonds
from the lead atom, rather than the usual ilonlc valence value
of two usually ascribed to this metal. These findings have
alded greatly in explaining a part of the chemical behavior
and reactivity of organometallic compounds and in under-
standing the reasons why one can classify these compounds
into three groups based on thelr reéctions with unsaturated
double bonds.

These compounds can also be differentiated on the baslis
of thelr case of cleavage by acids, halogens, water, etc.

It has been f&und that unsymmetrical organometallic compounds,
such as RMR!, é e cleaved more readily than symmetricel mole-
cules. Diphenyfmercury 18 sufficlently stable that it will

not be decomposed . in the presence of water, and
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tetraphenyllead willl resist acid cleavage to a greater degree
than will triphenyl-p-tolyllead, which 1s an unsymmetrical
molecule.

A more complete dlscusslon of the chemical reactlvity‘
of organometalllic compounds has been given by Glilman in hils

Treatlse on Organic Chemistry (60).

3. Chemotherapeutic properties of organometalllc compounds

The chemotherapeutic approach to treatment of diseases
involves the inhibition or death of the invadling organism,
80 that chemotherapeutlc asgents must be able to accomplish
this action by any means possible. There are multitudinous
compounds which will and can accomplish this, and many have
been tried on a number of organisms. Kinsey and Grant (75)
tested the toxiclty of mustard gas, a deadly war gas, and
other polsons on yeast cells; Higuti (65) studied the inhibi-
tion of triphenylmethane dyes on different strains of

Saccharomyces, while Fels and Cheldelin (38, 39) have used

selenium (as hydrogen selenate) in thelr studies of 1ts toxi-
city and 1ts reversibillty by sulfate or methionine. These
three examples differ wldely in thelr structure and mode of
sction, in all probability, yet they all accomplish the same
thing; i.e., they inhibit the growth of yeast cells,

Thus 1t is of interest that organometalllc compounds are

yet another class apart from the three mentioned above which
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can show toxlc effects to mlcroorganisms and therefore qual-
1fy as potentlal chemotherapeutlc agents. Metals have played
an important part in chemotherapy for centurles; mercury was
used in the second century as the metal and as salts, while
entimony seemed to enjoy popularity in the sixteenth century.
For example, wlne was allowed to stand in antimony goblets
until it aoquired the properties of an emetic, and solid
antimony pellets were swallowed by patlients and recovered
from the feces for reuse after they had fulfilled their func-
tion (149).

It was not until Bhrlich's work on triphenylmethane
dyes as chemotherapeutic agents interested him in the prop-
erties of the nitrogen that he consldered the neighbor of
nitrogen in Group V of the Periodic Table, arsenlc, and thus
began to syntheslgze organoarsenic compounds, giving organo-
metallic chemotherspy 1ts beginning, Other organometalllc
compounds had been synthesized prior to this date (59, 60,
84, 137), but Ehrlich was the ploneer in thelr application
to human diseases. The organoarsenic compound, cacodyl, was
discovered in the eighteenth century by Cadet (21,100) and
the structure elucidated in 1840 by Bunsen, but it was very
odoriferous and extremely toxic, so was of little use other
than as a laboratory curlosity.

An interesting variation of the polsonous cacodyl mole~
cule is that of cacodylic acid in which oxidation has produced

a compound whose sodium salt has been used in medlcine as a
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tonic, as well as for syphlilis and malaria (21). The two

gtructures are glven below:

(CHz)p As - As(CHgz)g (CHz)g As-00-Na * & Hy0

CACODYL CACODYLIC ACID TRIHYDRATE
(Sodlum 8alt)

Carlson (24) has confirmed the passage of cacodylic acid
through the organism (human beings, here) in an unchanged
form. It 18 not changed into a toxic inorganic form of ar-
genlc as most of the acid was found to be excreted unchanged
in the urine, although some 1s converted to a volatlile caco-
dylic oxide and 1s largely eliminated in the explred air.
Ehrlich's first contribution, atoxyl, was so named be-
cause ofba prellmihary bellief that it was not toxic. Clini-
cal use established that it was, but the name remained.
Atoxyl is p-aminophenylarsonic acid, although it was origil-
nally given the wrong structure. Further research by Ehrlich,
however, corrected this mistaken belief and also led to
synthesls of other organoarsenic compounds which have been
uged for chemotherapeutlic treatment of syphllis; sleeplng
sickness, and other trypanosome diseases. Disadvantages of
atoxyl, which was renamed arsanilic acld, were the possibll-
1ty of blindness and the generslly toxic nature of the arsenic
atom throughout the body. The mercury salt of atoxyl was
also used for syphilis treatment (98).

The actlion of the arsenic compounds was found to be due
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to reduction products in which trivalent arsenic is present.
The reduction products such a8 R-As = AsR and R-As = 0 were
8aid to be very fatal to trypanosomes (36); a solution of
p-hydroxyphenylarsenic oxide (p-HOCGHQASO) with a dilution
of 1:10,000,000 was fatal. The action of the substituted
arsenic oxides is belleved to be due to the reaction of the
oxlde with two adjJacent mercapto groups to form a stable
flve-membered ring, which is dependent in part, upon the pH
of the medium for its atability (22):

neutral or acid ///S-R
R-A80 + 2 R-SH - R-As\\\
alkaline S-R

+ Hy0

The presence of -SH-contalning compounds, glutathione,
cystelne, or thloglycollc ascld, can cause a lack of toxicity
of the arsenic compound to the microorganisms, supposedly
because these -SH compounds will compete with the enzymes of
the microorganisms for the arsenic compounds. This has been
shown to occur with compounds of arsenic, bismuth and mercury

in the lack of inhibitlon agailnst Treponema pallidum when

glutathlone, cystelne or thioglycolic aclid was present in
sufficient excess (35). No effect was obtained with meth-
lonlne or thiamine chloride when a sulflde type of sulfur
link is present.

4. Recent studies of organometuallic chemotherapy

In the last 25 years, much work has been done on the
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effect of metallic compounds in chemotherapy, and 1t may be
generally stated that when an inorganlc compound of a metal
1s used and found toxle, the aromatic organometallic compound
of the same metal i1s far less toxlc., Bischoff (19) conducted
a study on the toxiclity of lead compounds and classifled them
on the basls of their destructive effect on erythrocytes.

The lead derivatives of glycerophosphate, olelc and palmitic
aclds were most destructive, followed by the baslc carbonate,
oxychloride and carbonate. Tetrasthyllead and triethyllead
chloride were reported as very allghfly toxle, while lead
sulfide and lead acid phosphate had no destructive effect.
This report would glve some promise for masking the normally
toxlc reaction of lead by attachment of alkyl or aryl groups
to the metal.

Levadlti and Leplne (85) made a study of 45 elements
against spirilloses, trypanosomes and syphills, and found
that gallium, indium and platinum have slight effects, while
vanadlium, arsenic, antimony, tellurium, gold, mercury and
bismuth have a more or less pronounced effect. A later study
by Levaditi and co-workers (86) shbwed thet a tellurium sus-
pension had no effect against herpes virus. Sollmen et al.
(132) reported on 12 different mercurials and found that 31
to 77 per cent of the mercury of the diffusable mercurials
(those excreted in the urine) was fixed indefinitely in the

tissues where 1t had no therapeutic value and was potentially

harmful.
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A report of magnesium chloride in rabbits (4) is not one
showing organometallic properties in regard to the compound
used, but serves only to gilve the effect of magnesium metal
lons. The author reported immediaste azotemla in a rabbit
which was injected wlth magnesium chloride, and which had
been given a previous experimental uremia. Mudd (101)
examined bacterial cells treated with salts of silver, lead,
mercury and nickel, and found structural changes due to
penetration of these heavy metal lons into the cells.

Gilman (49) reported on blological applications of or-
ganometalllc compounds and ststed that the bilological action
of metals and inorganic salts may differ widely from organo-
metallic compounds. He placed metal hydrides as the lowest
members of the organometallic serles and exemplified them as
the "1ink" between organic and inorganic chemistry because a
hydride can be thought of as the first member of the homolo-
'gous serles in such compounds as these: NaH (sodium hydride);
NaCH; (methyl sodium); NaCH, CH., (ethyl sodium) and so on.

A series of alkyl- and aryl- mercurlc acetates has been
synthesized by Coleman et al. (29) to determine the relative
toxicities of the attached organic radicals versus the
toxlelty of the compound to bacterla. 1In aliphatic radicals,
the toxlcity of RHgOOCCH‘3 increased uniformly from methyl to
butyl. The toxicity of the aromatic series was found to be
greater than the aliphatic, although no significant differ-

ence among the aromatic amcetates was noticed. The toxic
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effect of organomercury compounds is often enhanced for the
purposes of disinfection rather than purposely suppressed,
or masked, as in medlicinal applications. Bonrath and Klos
(20) reported a series of organomercury acetylides as seed-
grain disinfectants, and Gaessner (46) confirmed the use of
mercury alkyls, especlally methyl mercury compounds, as good
fungicldes sultable for seed-grain use, having a chemothera-
peutic index of one-tenth (0.l). A number of organic
hydroxymercuri-type compounds were rated on the basis of

thelr toxicity to Staphylocooccus, Escherichia coli or

Eberthella typhl; the antibscterlial activity was found to be

lowered by the introduction of a nitro group (90). This ef-
fect ls similar to that noted by Ehrlich with the arsenicals.
Levine found alkylmercuric chlorides and dialkylmercury com-
pounds active against horse strongyle larvae at concentrations
of these organometallic compounds of 0.0006M, whereas tri-
phenylarsenic, triphenylbismuth and tributylborate were all
inactive at 0,01 ¥ (87).

Other metals have been tested for thelr activity in many
ways. Archdeacon gt al. (6) tested radloactive gallium, gold
and hafnium in rats, using intravenous injection, checking
their physiological action. Much metal was found in the
liver, and gallium was found in the bile, but no impaired
llver function resulted. Becker et al. (18) used 3-nitro-4-
hydroxyphenylarsonic acild in swine feeding, and noted that
although 1t has some ability to improve performance, it did
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not show any significant complementary effeot with aureomyciln
for growth stimulation in swine. An interesting recent re-
port (1954) by Rosenfeld (119) using albino rats showed that
germanium, a member of the Group IV-B elements which also
includes tin and lead, is relatively inert metabolically, has
low toxicity, and is not bound by tissue proteins as are ar-
senic, mercury and many other metals.

In the industrial fleld, the use of phenylmercuricdin-
aphthylmethane disulfonate in paper manufacturing 1s being

tested as a funglclide agalnast C. globosum, Aspergillus niger

and a Penicillium species (115). In s concentration of 0.25

per cent, growth of these organlsms is prevented. This or-
ganlc mercury compound is also used as a wound dressing.
This review is not complete but is lntended to point
out the type of research now beilng conducted in the field of
organometallic chemlstry aslde from the purely synthetic
approach. For a more thorough treatment of organometallic
chemotherapy, the reader is referred to other sources

(22, 70),

D. Quaternary Ammonium Compounds

l. History of quaternary ammonium compounds

The background of quaternary ammonlum compounds as of

1964 is short but extensive because of the rapid progress in
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this fleld. It was only recently that Domagk (34) described
the compound, Zephirol, which he revealed to be an aqueous
10 per cent solutlon of mixed alkyldimethylbenzylsmmonium
chlorides. Prlor to this, however, Hartmann and Kagi (63)
reported on the antibacterial action of surface-actlve
catlions. Zephirol was reported to be colorless, odorless,
non-irritating, not affected by proteins and easily wet.
Domagk found it to be effectlive agalnst Staphylococci,

gtreptococel, Pneumococcl, diphtheria organism and others

at dilutions of 1:10,000 to 1:50,000.

Zephirol, sometimes called Zephliran, was found to pos-
gess very good antibacterlal activity if the alkyl substitu-
ent was of the order of 8 to 18 carbon atoms (143). This
newly-discovered type of bacterlclide gave great impetus to
the study of other compounds which would accomplish simllar
results., The main line of thought and research has centered
about compounds which will markedly reduce the surface ten-
sion of aqueous solutions, and from this type of thinking
has evolved cationic, nonionic and anlonic surface-active
agents, This brief survey wlll conslder only those which
are known as cationic compounds, in which the largest and
most important part of the molecule carries a positive
charge. The most commonly known type, and the one that will
be discussged here, 1s the substituted ammonium ocation in
which all hydrogen atoms are replaced by alkyl, aryl, or

aralkyl groups, and with which 18 assoclated an inorganioc
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anion to glve an electrlcally neutral molecule. The result-
ant molecule therefore has a quaternary ammonium ion carrying
a single poslitive charge and a monovalent negative anion.

It may be expressed as:
+ -
Ry NV X
quaternary ammonium compound
An historical accounting of these compounds is so in-
timately assoclated wlth the chemical, physicsl and physio-
loglical nature of these quaternary ammonium types, that a

record of their introductlion to sclence will, of necessity,

overlap with other phases of the dlascussilon.

2. Nature of quaternary ammonium compounds

The physical characteristlics of quaternary ammonium
compounds underline fheir most outstanding features, because
the reduction of the surfsce tenslon of aqueous solutions is
the chief reason for the interest in this kind of moleculé.
Quaternary compounds are usually colorless sollds, and possess
definlte melting points. Decomposition occurs upon heating
beyond the melting point, however. They are soluble in water
88 a ru}e, although some form colloidal gels which liquefy on
warming, indicating thst they do not form true solutions.
Solublllty and surface tenslon characteristlics can change by

the cholce of the R groups about the nitrogen, or by cholce
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of the anlonic part of the molecule.

The chemical behavior of quaternary ammonium compounds
1s relatively simple. By sultable reaction, the anionlc part
of the molecule can be changed, thus altering 1lts physical
properties. The manner of decomposltion of quaternary ammon-
ium hydroxides upon excessive heating to yleld a tertiary
amine 1s a well known reaction. The Hofmann Rule says: "In
the decomposition of quaternary ammonium hydroxides, that
olefin will be formed which will have the smallest number of
alkyl groups attached to it." (3) Use of this behavior has
been made in organlic syntheses where a desired olefinic-type
of compound is sought. The proper quaternary ammonium mole-
cule 1s synthesized and the desired compound obtained by what
ls known a8 a Hofmagnn reaction.

Alkylations with quaternary ammonium salts have been
deascribed by Snyder et al. (131) in which reaction with a car-
bbanion results in loss of the desired R group from the quater-
nary salt to the carbanlon, and productlon of a tertiary
amine as a by-product.

Chemically, quaternary ammonium hydroxides are very
strong bases, equallng sodlum or potassium hydroxide in their
caustlic attack on glass contalners. They are prepared by re-
acting a quaternary ammonium hallide with sillver oxide and
filtering the aqueous solution of the hydroxide. Removal of
vater usually gives crystalline material which will possess

water of hydration. These bases find use as catalysts in
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organic synthesls.

Of greatest interest here i1s the physiological nature
of quaternary ammonium compounds. Thelr first mention by
Hartmann and K&dgi (63) and Domagk (34) included a report on
thelr potential antibacterisl activities, and many papers and
reviews have reported new findings in this line of thought
(11, 1s, 67, 78, B3, 116, 142).

Among the earlier workers were Kuhn and Blelig (81) who
demonstrated the precipltation of.proteins by surface-active
agents in 1940, Enzymes such as pepsin, trypsin, insulin
and catalase were affected when they were on the alkallne side
of thelr isoelectric points. An excellent study of the ac-
tlon of cationic, nonlonic and anlonic detergents on micro-
organisms was undertaken in 1941 by Baker et al. (11), who
tested many such compounds under different- conditions. The
PH of the medlum was found to be instrumental in enhancing
the action of detergents against microorganisms., For
example, catlonlc-type compounds are more bacteriostatic in
alkaline solutions than 1n acid, while the reverse 1s true
for the anlonic types. This has been explalned by some as
due to the existence, in alkallne media, of reactive groups
on protein molecules in a negatively-charged state which will
thereby produce an increased attraction for the large, hydro-
phobic, positively-charged cation in the cationlc-type of
detergent. 1In acld media, more positively charged groups

would be present, offering leas attrasctlon for the posltive
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cation,

Baker and his co-workers also remarked that the "wetting
power' of a compound; l.e., 1ts abllity to reduce the sur-
face tenslon, 1s not the sole reason for its germicldal
activity. The catlonlc compounds were less effective as de-
tergents than were the anlonic types, but the former were
superlor germicides; they inhiblted Gram positive and Gram
negative organisms, whereas the anlonic type selectively in-
hibited Grasm positive organisms. Another interesting obser-
vatlon was concerned with the lack of inhibition from
leclthin, ULecithin hes a quaternary ammonium hydroxide
structure, yet it 4id not inhibit the metabolism of three
different Gram positive and three Gram negative organisms;
instead, metabolism was stimulated in most cases.

An Ainteresting variation of quaternary ammonium compounds
has been the use of other Group V elements and a Group VI
element in plece of nitrogen. Thus Kuhn and co-workers have
prepared organic sulfonium iodldes (82), ammonium chlorides
(83), phosphonium and arsonium chlorides (71) by replacing
the nitrogen of a quaternary ammonium compound by sulfur,
phosphorus and arsenic, respectively. These compounde were

tested agalnst Escherichla coll, Staphylococcl, and other

microorganisms and the effectiveness of different chain
lengths was studied. The chgin lengths varied from eight to
slixteen carbon atoms; all compounde were solids, melting at

a definite temperature for each individual entity, in a range
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of 144-146° C. for Cg to 181-183° C. for Cyg. Thelr prepara-
tion was identicel in type of reaction to that used for
quaternary ammonlum types.

A review of antlbacterial surface-active substances by
Valko and Du Bois in 1944 (142) related interesting informa-
tion about the reversal of the bactericidal effect of
Zephirol, cetylpyridinium bromide, and acriflavine (a mixture
of 2,8-dlaminoacridine hydrohloride and 2,8-diamino-10-
methylecridine hydrochloride) by Duponol PC (sodium dodecyl
sulfate),'an anlonic detergent. 1In s number of experiments,
the authors have postulated from their results that the anti-
bacterlal behavior of surface-active cations 1is in agreement
with the action of toxlc metalllc ions and dye catlons be-
cause all of them can be clessed as phenomena resulting from
lonic exchanges by bvacteria. Therefore, they do not regard
surface-activity as an important part of antibacterial
sctivity, and go on to say that adsorption is not a surface
phenomenon assoclated with the bacterlal cell surface because
mercuric ions and dye cations are strongly adsorbable, yet
have low surface actlivity. 1In a study of highly toxic sur-
face-active catlions the presence of relatively harmless
surface-sctive cations was found to be subtractive, due to a
shlft in the "adsorption equilibrium" between the two mole-
cules via thelr competition for the same sltes on the bacter-
1al cell. These sites were presumed to be the -COOH (carboxyl)

groups of proteins, and to read of them reminds one of
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Ehrlich's "chemo-receptor" theories in the action of arseni-
cals in chemotherapy.

A study of the inhlbltory action of Zephiran by Sevag
and Ross in 1944 showed that the inhibitions on yeast were
counteracted by horse serum, phospholipids and high molecular
welght anions (125). The inhibltlion by horse serum is per-
haps contradlictory to Domagk's earlier reference to Zephiran
(Zephirol) when he sald that it wae not affected by proteins.

Many other studles of the mode of action of surface-
actlve compounds against microorganisme have served to extend
the knowledge of thelr bactericidal effect. Hotchkiss (67)
obgerved a leakage of nitrogen and phosphorus compounds from

Staphylococcl, Streptococcl, Escherichia coll and Saccharomy-

ces cerevislae due to cytolytic damage caused by these types

of compounds. Russlan workers using yeast noted the llbera-
tlon of lipoids and destruction of lipo- and nucleo- protein
cell components (97) with cetyl-zephirol., The cytoplasm and
chondriosomes were qulckly affected and the proteolytic ac-
tivity of the cells was increased. Hotchkiss thus attributed
the lethal effect of the quaternary ammonium compounds to
establishment of equilibrium between the internal and external
medla of the cells, causing a drastic dilution of metabolically
actlive components. He dld not attribute a depression of the
metabolic activity to any effect of the detergents on the
enzyme systems of the cells a8 the concentrations of the

former were below those which would depress the enzyme
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activity 1in suspenslions of broken cells. Werkman and Wilson
(146) confirm these findings in thelr text, attributing the
denaturation of proteins or breaking of the osmotlic barrier
to "mechanical strain imposed by attachment of detergent."
Knox and co-workers, however, attributed the metabolic
inhibition, cell death and Aincreased permeablility in bacteria
to the specific actlon of detergents on sensitive enzymes
such as lactlic acld oxidase. Massart and his assoclates (32,
92) have examined the acridines which form quaternary com-
pounds in which the nitrogen is part of the aromatic poly-
cyclic nucleus. These compounds inhibit respiration and
yeast cell multiplication, forming adsorption complexes with
nucleoproteins, thus displacing catalytlically active 1lons.
Beck's studlies (16, 17) on adsorption of detergents show
a 8imilarity between the adsorption on erythrocytes and on
lecithin, and also hetween adsorptive carbon (Norit) and yeast
cells. He therefore aytributes the activity of quaternary
ammonium compounds to (a) reaction specifically with the lip-
1ds of red blood cells or with lecithin, whose structure
resembles fats, and to (b) adsorption on Norit or on yeast
cells. Cationic detergents were adsorbed more strongly than
anlonic types, although no correlation between adsorption on
Yeast and the disinfectant actlon towards yeast was found.
Voets (143) related the reduction of surface tension to
the antlbacterial efficiency of detergents, as well as point-

1ng out the dependence of the efflciency upon the moleculsr
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structure and the positive and negative charges. Sexton,

on page 253 (126), reviewed quaternary compounds and pointed
out that the nature of the anion of catlonlc surface-active
compounds has little effect other than on the solubility of
the entire molecule. Another interesting mode of action was
glven, however, when 1% was stated that cationic surface-
active substances can sever the loose union between coenzymes
and proteins ss well as that between carotene and chlorophyll

and thelr naturally-assoclasted macromolecular carriers.

3. Recent studies of quaternary ammonlum compounds

Older studles related in the preceding section have been
concerned with theorles of action and the effects of well
known, generally similar compounds upon pure, unadulterated
gtraine of various microorganisms. Mbre recent literature
(since 1950) has centered about the effect of altering the
molecular structure of these detergents in experiments de-
8lgned to determine the effect, on the bactericidal power, of
altering the chain length in one of the R groups. This has
been carried out by Reck and Harwood (114) who synthesized
quaternary ammonium chlorides with 16 to 18 carbon atoms in
one of the R groups, and methyl groups in the other three
poslitions on the nitrogen. The long chalns possessed varying
degrees of unsaturation, but thls alteration in the molecule

dld not alter the bactericidal properties to any significant



36

degree. The 016 chain in combination with three methyl groups
around the nitrogen proved to he the most satisfactory of
those tested. A serles of syntheses were undertaken of quat-
ernary bromides involving a benzyl group, two A -hydroxyethyl
groups and a B -alkoxyethyl group on nitrogen. These com-
pounds were prepared by Sturm (135) and had alkyl groups of
12, 16, and 18 carbon atoms in length. The antibacterial
tests were inconclusive except that they indicated a low tox-
lcity for these compounds.

The relationship between structure and bactericidal
action was also investigated by Cella (25). The length of
the higher aliphatic chain, and substitution on the phenyl
ring of phenyl- or benzyl- type compounds are factors affect-
ing bactericidal activity. Cella gave examples to show that
the posltive (4) character of the cationlc compounds was to
be assoclated with high activity, stating that the higher the
charge density on the nitrogen atom, the greater was the bac-
terlcidel effect of the detergent. His examples were two
compounds listed in the order of decreasing bactericidal
action: meta-trifluoromethylphenyl compound phenyl because
the highly electronegative trifluoromethyl (-CFS) group com-
petes with the nitrogen for the ring electrons, thereby
inoreasing the (+) charge "density" on the nitrogen. Cella
attributes the effect of differences in baoctericidal activity
resulting from added methylene groups between a phenyl group

and the nitrogen to be caused by an electrical rather than a
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bulk effect of added carbon atoms. Isomer A (see below)

killed Micrococcus aureus in 0,73 minute while lsomer B re-~

quired 10 minutes.

CHg CHg
@cﬂz- CH2-N/ ®CH2-N/
\\GH3 \\CHZ-CH;_:,

CioHpg CioHog

A B

Celle (25) related the bactericidal activity of cationic
colloldal electrolytes to the tendency of these quaternary
ammonium compounds to leave solution as manifested by thelr
abllity to form colloidal micelles. He also stated that
lower molecular welght compounds do not exhibit these surface-
active properties, -

In Sexton's review (see page 91) (126) was noted the
effect which the conversion of a tertlary nitrogen atom to a
gquaternary nitrogen would have upon well known compounds.

The change from trimethylamine to a tetramethyl ammonium ion
will produce a compound which exerts marked actlvity on the
nervous system, while compounds of high antibéoterial activity
are produced i1f one of the methyl groups is replaced by
dodecyl, for example.- Nicotine, when converted to an N-alk-
Ylnicotinium ion, loses 1ts former insecticidal activity, and
N-alkylquinine ion loses its antimalarisl power, giving in-
8tead a ocurare-like activity which 1s not shown by quinine
hydrochloride.
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The adaptation of Serratla marcescens cultures to dime-

thylbenzylammonium chloride has been achleved by Chaplin (26)
who succeeded in growing thls organism in detergent concen-
trations as high as 100,000 p.p.m. whereas the cultures were
suppressed previously in concentrations of only 63 p.p.m.
Evidence of cell changes were seen in an intense stainlng of
the resistant cells by Sudan black B, an increase in the
ether-soluble fraction, a decrease in electrophoretic mobil-
ity and the removal of the cell's resistance by the action

of lipase. These observations led Chaplin to assume that

.cellular exocretion of a lipid which is retained on the cell

surface 1ls responsible for the increased reslstance of these
cells. This lipld is capable of wlthatanding the disruptive
forces exerted on the cell by the detergent. The possibility
was also advanced that this 1lipid may be a lipld-protein com-

plex which occurs in Gram negative bacteria only.

E. Resplration and Metabolism of Microorganisms

Although the exact nature of the mechanlsms involved in
regpiration and metabollsm is not known, the understanding
of the enzymatic reactions which occur has expanded greatly
in the last score of years.

Microorganlisms have been grouped convenliently into two

classes; aerobic and anaeroblc, with subdivisions under each
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heading implying partial adherence to elther of the two types
of activity. The discovery of the actlon of the dehydrogen-
agses, oxldases, flavoproteins and cytochrome systems have
elucidated the means by which enzymes ald in the utilization
of oxygen by bacterisl cells. Simillarly, the advent of the
Meyerhof-Embden-Parnas scheme for anaeroblc metabolism and
the Krebs cyocle for aeroblc oxidation of acetate have given
e loglcal evaluatlion of the fate of carbohydrates in bacter-
l1al metebolism.

A large number of studlies on the respilration and meta-
bolism of microorganisms has been carried out, and it is the
purpose in thls sectlion to refer to representative literature
references which tell of the many different modes of study of
these problems,

Cyanide ion 18 a well known inhibitor of oxldases and
has been studied widely. Wingler (147) has proposed three
ways in which this occurs: First, the usual inhibition may
occur; second, an lncrease 1in the apparent Kop of the re-
duced resplratory enzymes in a non-competitive manner méy
occur, and third, a comblnation of cyanlde with the enzyme
gystem to thus limit the maximum rate of resplration in the
absence of inhibitor. Azlde was found to be more specific as
an inhibltor of the respiratory enzymes than cyanide.

Lachrymators were investigated by Macworth (89) in 1948
and a progressive and Airreversible inhibition was found with

thiol (-SH) enzymes; yeast resplration was not irreversibly
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inhlbited by chloroplerin, this being the only such case found
with lachrymator. The ilmportance of concentration was
emphasized@ when it was found that the respiration of yeast
could be eilther stimulated or depressed by altering the

amount of fluoride used (106),

Investigations of organic compounds have been made; ben-
zolc acid inhibits the D-amino aocld oxidase for D (})-meth-
lonine, but will not interfere with transmethylstion reac-
tions of L (-)-methionine (62). A series of 3-alkyl-2-
hydroxynaphthoquinones showed apparent activity against
respiratory enzymes which acted below cytochrome ¢ and above
cytochrome b by a possible combinatlion with the unknown
enzymes (12). Also investigated and found inhibitory to
yeast were a serles of organic compounds such as trypaflavin,
methylene blue, crystal violet, protamine sulfate and qui-
nine. The effects of these agents were counteracted by
streptomycin and other organic compounds (93).

Selzer and Baumberger (124) stirred a yeast cell suspen-
slon with minutely-divided metalllc mercury with glucose as a
substrate, obtaining complete inhibition of oxygen consump-
tlon. Use of lactate or pyruvate as a substrate gave no
inhibition, but the possibility of reaction of the mercury
with a thlol group of the enzyme inhibited was consldered.
Four years later, in 1946, Gook and co-workers (30) investi-
gated the effect of the organometallic compounds, phenyl-

mercuric nitrate, on enzymes and demonstrated complete or
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partial inhibition depending upon the enzyme and/or the molar
concentration used; succlnoxidsse was completely inhibited
while catalase suffered only 36 per cent depression of acti-~
vity. Later work by these workers (31) demonstrated a depres-
silon of cytochrome oxidase and of yeast respiration by basic
phenylmercuric nitrate. This depreassion could be prevented
but not reversed by addition of -SH-contalning compounds,
Mercuric chlorlde inhibited the action of ox liver catalase

in the decomposition of hydrogen peroxlide, according to
Okamoto and Nagayama (107).

Synthetic detergents, both of the anionilc and the cati-

onic types, were shown to inhlbit bacterial metabolism as was
stated previously (11), while other workers found that non-
toxlc concentrations of trimethylhexadecylammonium bromide
would protect yeast against respiratory inhibltion caused by
uranyl, thorlc and silver ions 1f the former was added first.
However, in the presence of either cuprlc or mercurlc lons,
this detergent incressed the inhibition. Possible competition
for active sltes on the bacterial surface was suggested, pos-
8ibly the formation of complexes with amino groups (95).
Other cases can be cited for protection of the respiration of
yeast by salts (94), or the increase of respiration by concen-
trations of less than one per cent where higher concentrations
are inhibitory (76)., Examples of the latter include mercuric
chloride and sodium fluoride.

Metabolism inhibition studles, llke those on respiration,
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have followed slimllar lines. The effect of sodium fluoride
(111), metebolic inhibitlon by dyes (65), mustard gas and
derivatives (75), para-aminobenzoic acid (PABA) (138) and
benzoic acld (118) have been evaluated for yeast. The action

of metal ilons on phosphopyruvate reactions in Escherichia

coll by Utter and Werkmsn (141), and of organic metal salts
on yeast by Kreke and Nadeau (80) were set forth for evalua-
tlon. The results demonstrate a varlety of effects from
that of no action to stimulation or to depression of enzyme
and/or metabolic activity. Lupolone and humulone, found in
hops, will inhibit growth of yeasts and bacteria as well as
some of the fungi which are found to infect beer (10),

Intimately assoclated wlth these problems of metabolism
and respiration are the enzymes which mediate these reactions
in living cells. Of interest is the report that some molds
will methylate inorganic compounds of arsenlc and tellurium
to the corresponding organometallic compounds (49), This was
correlated with the synthesis of compounds such as chlorophyll
or hemoglobin,

The enzymes of microbrganisms are indispensable to their
survival; thus they are endowed with extracellular and lntra-
cellular enzymes (exo- and endo-enzymes) which are correlated
in thelr activity so as to allow full growth of the cells,

The maltase of Qlostridium acetobutylicum (44) and other or-

genisms helps to utilize starch as substrate, while other

organisms have other enzymes (such a8 invertase of yeast (33)
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cells) for making various types of substrate avallable. Var-
lous persons have studlied the cell surface of microorganlsms
as a posslble site of enzyme inhibition, using toxlc reagents.
These will be discussed later, but the inhibition of enzymes
in general must also take into account the cell membrane as
inhlbltors must be able to penetrate it in order to act upon
the intracellular enzymes. Northcote and Horne (106) have
examined the yeast cell wall by electron microscopy and have
detected at least two membranes. One 1s composed in part of
glucan polyglucides; the second was found to remain intact
after the liplds were removed, and to be made of eilther pro-
tein or mannan, or both together. An analysis of the cell
wall showed 29 per cent glucan, 31 per cent mannan, 13 per
cent protein, 8.5 per cent lipid snd 3 per cent ash. Mechan-
lcal breakdown of yeast cells did not glve any glycogen
present. The presence of bud scars was felt to be lmportant
to the behavior of the cell wall in its functlion as an os-
motic boundary and the relationshlip of the scars to the
process of budding. _

A function of the cell membrane is described by ﬁerkman
and Wilson on page 367 (146): "it regulates not only the rate
but also the kind of penetration." Thus the type of inhibl-
tory agent used would concelvably vary with the organlism and
the type of inhibltion produced should differ in degree, at
least. Quagliozzl and Resocigno (112) found the permeability

64

of Saccharomyces cerevislae to Cu to be 7.2 x ZI.O"6 =48
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metal per g. of yeast per hour.

Enzyme inhibitlon may be due to many factors, among
them, the inactivation of specific groups. In 1907 the ex-
istence of leblle thlol groups in tissues was shown, and it
was predicted that they would be found to play an important
part in resplration. Two years later, Hata (64) demon-
strated inhibition of pepsin, trypsin, and several other
enzymes with mercuric chloride, and also showed thelr reac-
tivation by precipitation of the mercury with potassium
sulflde. After many years, it has become increasingly appar-
ent that the -8SH groups of enzymes are very necessary to
respiration and to metabolism. Hopkins and Morgan (66)
treated succinic dehydrogenase with GSSG (oxidized gluta-
thione) and found that the enzyme lost its activity. The
enzyme wag reactivated by GSH (reduced glutathione), thus
showlng that the GS3SG oxidized the essentlal -8H groups of
the enzyme to give a disulfide structure, while GSH reversed
this reaction to restore the mercapto (-gH) groups of the
dehydrogenase, and thus restore its activity.

Barron and Singer (14) demonstrated the prevention of in-
hibition of succinoxidase by addition of glutathione (GSH)
and dlvided -SH groups into two types; freely active and
slugglsh. Those reagents which react with -3H groups were
classlfled 1nto three groups according to their mode of actlon
(oxidation of, or combination with -SH groups) and the deg£ee

of reactivity. Heavy metal salts and compounds are toxic in
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lieu of thelr reaction with essentlial mercapto groups. 1Ing
(69) listed four enzymes; yeast alcohol dehydrogenase,
urease, hexoklnase and phosphoglyceraldehyde dehydrogenase
as extremely sensitive to arsenicals while King (126) listed
several methods by which arsenlc compounds may act in a cell,
saying that thelr final mode of action 1s likely to be by
comblnatlion wilth an essential sulfhydryl group.

Stoppanl has discussed yeast carboxylase in the light of
the role played by these sulfhydryl (-SH) groups, and goes
on to say that -SH reagents will also ilnactivate some enzymes
such as cytochrome oxlidase or catalase whlch, in all prob-
abllity, are not thiols (134).

The use of BAL (British antilewisite) as an -SH reagent
was introduced in 1945 by Waters and Stock (145) who found
1t to compete with the sulfhydryl groups of protein for the
halogen of the veslcant war gas, Lewlsite. Lewlislte is
B-chloroethylarsenic dichloride, and reacts with -8SH groups
by reason of the reactive chlorine atoms present. The BAL
molecule supplles these -SH groups so that the reactlon of
Lewlslte and protein -3gH groups 1s prevented. Thus BAL has
come into wide usage in inhibilting the toxlc action of anti-
bacterlials, especlally where heavy metal compounds are
concerned, although BAL may be toxlc in its own right for 1t
is a strong reducing agent and will interfere with cytochrome
oxldase activity by keeping cytochrome c in the reduced state.

Because the cell surface 18 more readlily susceptible to
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inhibitory agents than the cell interlor, Rothstein and vari-
ous aggsoclates have investigated the relationship of the cell
surface and Aits enzymes to metabollsm. Rothstein and
Larrabee (121) have indicated that uranium uptake by yeast
cells 1is associated with complex formation on the cell sur-
face, and that no uranium penetrates into the cell. These
results were interpreted by Rothsteln et al. (120) in 1948
by examlnatlon of the formation of these complexes. Later,
Rothstein and Meler (122) studied cell surface phosphatases
of yeast and concluded that they appear to play no part in
carbohydrate metabolism or in transfer of phosphate into the
cell, but may serve to cleave organic phosphetes which the
cell cannot utlilize, into products the cell can use.

0f recent interest 1ls the report of work by Demis,
Rothstein and Meier (33) which glves evidence that the enzyme
lnvertase, responsible for hydrolytic cleavage of sucrose, 1s

located on the surface of Saccharomyces cerevisise. Uranyl

lon reversibly inhibited invertsse by a non-competitive
mechanism which the authors assume to involve reaction with
carboxyl groups.

These examples of activity involving enzymes and their
inhlibitors as involved in respiration and metabollsm have been
Yspotty" as far as a complete review is concerned. It was
Intended to create a very generallzed plcture of the back-
ground work which led to the experimental work in this thesis,

thus laying the foundation for the conclusions drawn from the

results obtained.
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JII. MATERIALS

A. Cultures

All microorganisme used in this study were obtalned

from Dr. L. A. Underkofler, as designated below. They were

obtained as needed as slant cultures grown on the proper

agar medlia except for Clostridium acetobutylicum which was

obtained as a spore culture.

Se

4.

Oe

Microorganlism

3accharomyces cerevisige

Lactobacillus delbrueckli

Aspergillus niger 67

Clostridium acetobutylicum

Lactobaclllus casel

Acetobacter suboxydans

Code designation

NRRL Y5667
NRRL  B445
NRRL 67

P0OS from Dr. L. A.

Underkofler
ATGCC 7469
ATCC 621

B. Ingredlents of Medla

1. G@Glucose

The glucose used in this investigation was the C,P,
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anhydrous sugar obtalned from the Pfanstiehl Chemical Co.,
Waukegan, Illinois.

2. Yeast extract

Dehydrated powdered yeast extract was obtalned as Difco

Bacto yeast extrsct from Difco Laboratorles, Detroit 1,

Michigan.

d. Peptonlzed mllk

This material is an enzymatic digest of fresh milk con-
taining protelng, albumins and globulins. It was obtained
from the Difco Laboratories, Detroit 1, Michigan.

4, Corn

The corn used in these experiments was purchased on the

open market.

5. Sorbitol

Anhydrous sorbitol was obtalned from the Atlas Powder

Co., Wilmington, Delaware.
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C. Speclal Solutions and Chemlcals

1. Solutlons of test compounds

See Table 1 on page 61l.

2. BAL

This chemical, British antilewlsite, 18 2,3-dimercapto-
propanol and was purchased from Hynson, Westcott and Dunning,

Inc., Baltimore 1, Meryland.

3. Y -Diethylaminopropanol

This amino alcohol was obtalned from Distillation Prod-
ucts Industries division of Eastman Kodak Co., Rochester 3,

New York,

4, Diphenylmercury

The organomercury compound was obtalned from the Eastman

Kodak Co., Rochester 3, New York.

5. Other organlc compounds

a. Tetrakils (p-dimethylaminophenyl) lead tetramethiodide.

This organometallic compound was obtalned from Dr. Henry

(tilman, Dept. of Chemistry, Iowa State College, Ames; Towa.



Table 1. Stock solutions of compounds used,

Conc'n.2
Compounds Mol. wt. Solvent (moles/ml.)
1. Tetrakis (p-dimethyl-
aminophenyl)-lead 3
tetramethlodide 1255,73 water 3 x 107
2. Triphenyl-Y -(diethyl-
methylammonium)-propyl-
lesd methosulfate 678,85 water 1 x 10°%
3. 4,4,4-Triphenyl-n-but-
yldlethylmethylammonium 4
methosulfate 483,65 water 1 x 107
4. n-Propyldiethylmethyl-
ammonium methosulfate 241, 34 water 1 x 10-4
5. Diphenylmercury 354,81 ethyl 1 x 10°%
lactate
6. Triphenyl-p-tolyllead 529,64 dioxane 4 x 107°
7. Triphenylbenzyllead 520,64  Butyl Ggl- 1 x 1074
losolve
8. Triphenylsilanol 276.40  Butyl Cel- 1 x 10~*
losolve
9. Sodium benzoate 144,11 water 1 x 1074
10. BAL 124.13  ethanol 1 x 109
(36 per
cent)

8pilutions of these stock solutions supplied the various
concentrations of compounds required.

bButyl Cellosolve 1s the trade name for ethylene glycol
mono-butyl ether, manufactured by Carbide and Carbon

Chemicals Corp., New York, New York.
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b. Triphenylsilanol. The silanol was donated by Mr,

Jay Curtice of the Dept. of Chemlstry, Iowa State College,

Ames, Iowa,

¢. Organometallic compounds. Those organometallic and
non-metalllic compounds not mentioned previously were pre-

pared according to procedures given in the Experimental

section of this thesis.

6. Reagents

All chemicals used during this investigation were ob-
tained from ordinary commerclal sources and were of C.P.

quality.
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IV. METHODS

A, VWarburg Apparatus

The study of the respiration of microorganisms was glven
a tremendous advance with the introduction of the well known
Warburg apparatus for followlng manometrically the up-take
or evolution of gases. The mechanism involved imparts a
reciprocating motion to small flaske held at constant temper-
ature by immersion in a thermostatlically-controlled water
bath., Rach flask containsg the resplring organisms, tissue,
or enzyme system plus substrate and 1s connected to a pre-
viously callibrated manometer filled properly with manometric
fluid of known denslty. Volume changes occurring within each
flask can then be measured accurately and the volume of
change of the manometer plus flask interior celculated in
terms of microliters fl).

Umbreit et gl. (139) have described the procedures by
which the Warburg apparatus may be best utillized, and their
procedures were followed in the callibratlion of the manometers
and flasks. The volume of each flask wss calculated by welgh-
ing 1t when empty and when filled with pure mercury, employ-
ing a balance which was accurate to 0.0001 g. with loads of
500 to 400 g. A similar procedure was used for each mano-
meter and the connecting glass tubing between the flask and

its manometer, so that each flask was calibrated to its own
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manometer,

B. Fermentstion Procedures

The determination of glucose remaining after a fermenta-
tion mede 1t necessary to insure thst known quantities of
medlum were present in each flask or tube used. A common
volume used was 10 ml. per flesk, elthough larger fermenta-
tions of the order of 100 to 300 ml. were also employed when
this was warranted.

A 10 ml. pipet fltted with a 3-way stopcock connected
to a funnel for automatic refilling was used to dlspense
equal volumes of medlium to each flask in a series. The
medlia were usually sterilized at 15 p.s.l. for a minimum of
30 minutes; the graln mashes were allowed to remein in the

autoclave an additlional 15 to 30 minutes.

l. Aerobes

The use of aeroblic microorganisms made aeration neces-
sary for the proper growth of these cultures. Aeration may
be accomplished by bubbling alr or alr/oxygen mixtures through
a sultable sparger lmmersed in the medlum, or by shakling the
cultures 1n a reciprocating fashion so as to mix air with the
medium., Such cultures are known as "ghake cultures."

The growth of Asperglllus niger was carried out by bubbl-

ing sterile alr through s serles of tubes leading from a
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water flask (for humidification of the elr) to each flask of
medium. No sparger was used; a glass tube placed within
one-half inch of the bottom of each flask gave sufficlent
agltation and provided aeratlion for the cultures.

The cultures of Acetobacter suboxydans were grown as

"shake cultures" by placing each 50 ml, flask in a reciprocat-
ing shaker in a 30° G. incubator, and shaking at 100 strokes
per minute. This rate was sufficlent for good aeration of
this microorganism,

Inoculation of these cultures was done under aseptlc
conditions using sterile 1 ml. pipets or a sterile wire loop
for transfer of the inocula. The flasks were plugged with
sterile cotton plugs during growth of the organisms except

for aeration of the Aspverglllus niger, cultures, where gas

inlet tubes were used.

2. Anaerobes

Only one anaeroblc microorganism, Clostridium acetobuty-

licum, was used; it was started from a soll spore culture
from Dr. L., A. Underkofler's private collectlon. Anaerobes
are not aerated as oxygen ils inhibitory to their proper de-
velopment and growth. Therefore, these cultures were allowed

to stand and the Clostridium ascetobutyllicum provided its own

oxygen-free atmosphere by the production of carbon dloxlde.

The use of long narrow culture tubes (19 x 254 mm.) was
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preferable here so as to limlt the total surface area exposed

to air.

Cultures of Clostridium acetobutylicum are initiated by

lnoculatlon of freshly-prepared grain mashes with spores
under sterile condltions. The organism is then heat-shocked
by immerslion of the newly-inoculated medium in boiling water
for two minutes, followed by cooling. Such treatment

serves two purposes: (a) it alds in killing vegetative or-
ganisms which may be present, and (b) it activates the spores
to help them in adjusting to the new medlum. When vigorous
growth has begun, the organisms are transferred to fresh
sterile medium, allowed to attaln good growth (usually in 24
hours) and again transferred. The fifth transfer should be
made into the medium which is to be used for the fermenta-
tion proper, as the organisms are at thelr peak of efficiency
at this point. Addltional transfers will materially reduce
the yleld of solvents produced by Clostridlium acetobutylicum.

Culture tubes were glso used for carrying the yeast,

Saccharomyces cerevisiae. It was grown in 50 ml. Erlenmeyer

flasks for the tests with compounds, but no shaking or agita-
tion was allowed so conditions became anaeroblc because of
the production of carbon dioxide, as in the case clted

previously.
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C. Analytlcal Procedures

1. Detectlon of sorbose by chromatography

The method used for detection of sorbose was that em-
ployed by Suhadolnik (136). The silver-reducing properties
of sorbose are utilized to cause reduction of silver lons to
free silver which appearas as a black spot on the chromato-
gram (68),

Sheets of Whatman No. 1 paper were cut so as to be 8 5/8
in. long and 9 in. wide in order to fit into the wide mouthed
Jars used. Each Jar was provided with a screw cap, and each
had & flat bottom.

Along a line drawn 1 in. from the bhottom of the paper
were placed samples of the sugar solutlons to be tested.
Samples were spaced at intervals not less than 2 om., depend-
ing upon the number of samples desired on one chromatogram,
and were applied with a small wire loop of approximately 1/8
in. diameter.

The "ecarriert solvent conslsted of a mixture of three
parts of distilled water, four parts of pyridine and six parts
of l-butanol, to give & misclble homogeneous solution, called
5:4:6, and which was good for four or five ascents before 1t
was discarded. Fifty ml. of solvent was placed in the bottom
of each Jar, and the paper cyllnder, formed hy stapling the
right edge of the paper next to, but not touching, the left
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edge, was placed in the Jar so the bottom was soaked in the
solvent.

The paper chromatogram was allowed to remaln in the Jar
until the solvent had traversed the entire length of the cy-
linder. This required from 6 to 8 hours. The chromatogram
was then removed from the Jar, dried very briefly at 110° c,
and developed.

For development of the chromatogram, an aqueous 8.5 per
cent silver nitrate-ammonium hydroxide solution was sprayed
on the paper by means of a No. 31 De Vilblgs atomizer with a
contlnuous alr stream until the paper was uniformly moist-
ened. Drying at 110° ¢. for five minutes caused dark brown
or black spots to form at that place where the reducing sugar
was positloned on the paper. The chromatogram was then
washed with dilute ammonium hydroxide and distilled water to
remove excess sllver which would subsequently darken the en-
tire chromatogram if not removed. Drying at 110° C. gave a
geries bf dark brown spots on a tan background.

The silver nitrate developing solution was prepared by
dissolving 8.5 g. of silver nitrate in 100 ml. of distilled
water. Concentrated ammonium hydroxide was then added, with
stirring, until the silver oxlide dissolved and a clear solu-
tion resulted. This reagent was prepared fresh for each

development of any one series.
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2. Determination of acetone

The acetone was determined by the method of Messinger

as glven by Goodwin (57).

3. Determination of total solvents

The total solvents present in cultures of Clostridium

acetobutylicum were determined by values of the Specific
Gravity of a 100 ml. sample of distlllate as explalined by

Christensen and Fulmer (27).

4, Determination of reducing sugars

The Shaffer-Somogyl method for the analytical determina-
tion of reducing sugars as modlflied by Underkofler et al.
(140) was used for the determination of glucose remaining in
medla, or for the presence of aorbose.

The medla of these experiments varled in sugar concen-
tration according to the type of microorganism for which it
wag used, so samples were wilthdrawn and dlluted to a standard
reference in volumetric flasks, and portions from these dilu-
tions then analyzed for reducing sugar concentration. Use of
2 per cent glucose solutions was frequent, s0 a 1 ml. allquot
was removed, diluted to exactly 10 ml., and a 1 ml. portion
of the dlluted sample withdrawn to give a sample contalning no

more than 2.50 mg. glucose. A simllar procedure was under-
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taken for sorbose except that only 0.2 ml. aliquots were re-
moved from the original medla as thelr concentration was 10
per cent.

The total reducing sugers in the fermentation medlia was
computed on the basls of the total volume of mash from which
the allquot was withdrawn. Blank determinations on sterile

media as well as controls in which no inhibitors were present,

were carried out.

5, Determination of volatile acids (total)

The volatile aclds were determined by the procedure
given by Neish (103) and were tltrated with standardlzed sod-
lum hydroxide usling phenol red as an indicator. The results

were reported as total milliequivalents of acids.

6. Determination of concentrations of organometallic inter-

mediates

For purposes of ocaloulating the molar concentration of
a reactive alkall or alkaline-earth organometallic intermed-
late which 1s to be used in a reaction involving stolchlo-
metric equivalents of other reactants, it is necessary to
determine the concentration of actlive metal present in solu-
tilon as RM compound. An aliquot (usually 2 ml.) is withdrawn
by pipet and the organometalllc compound present is
hydrolyzed by running it rapidly into excess distilled water,
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thus forming an amount of alkall hydroxide equivalent to the
milliequivalents of alkall metal in the organometallic com-
pound added. Titration with standardized 0.2 N sulfurlc acld
using phenolphthalein as an indicator will allow the exact
calculation of organometallic compound in the aligquot, and

therefore, in the total volume to be used in the reaction.

7. Determination of the presence of organometallic inter-

medlates

The determination of the presence of reactive alkali or
alkaline earth organometasllic compounds in a reaction mixture
1s accomplished by means of Color Test I as developed by
Gilmgn snd Schulze (53). Thils test depends upon the addition
of a reactive organometallic compound to the double bond in
the carbonyl group of Michler's ketone to producé a colored
dye upon hydrolysls and oxidation. Michler's ketone is bis
(p-dimethylaminophenyl) ketone; reaction with phenyllithium,
for example, produces an intense, green color.

The procedure has been described by Gilman (50) as

follows:

One-half to one cublc centimeter of the
organometallic solution 1s added to an
equal volume of a 1 per cent solution
of Michler's ketone in dry benzene; the
reaction product is then hydrolyzed by
the slow sddition of 1 cc. of water;
and, finally, the addition of several
drops of a 0.2 per cent solution of
lodine in glacial acetic acld develops
a characteristic greenish-blue color.
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If phenyllithium reacts with Michler's ketone, one will
obtain malachlte green &s a product, but if the phenyllithium
has already reacted with another ketone by an addition, the
resultant lithium-containing intermediate will not give & pos-

1tive test as only carbon-to-metal linkages will do so.

8. Qualitative determination of elements

The qualitative analytical procedures glven by Shriner
and Fuson (127) were used for determining the presence of sul-
fur, halogens and nitrogen in organic compounds. The nltrogen
was determined as ferrocyanlde and the sulfur as lead sulfide

precipitate and by a positive nitroprusside reaction,

9. Quantitative determination of elements

The analyses for carbon, hydrogen, nltrogen and sulfur
were performed Dby:
Huffman Microanalytical Laboratories
3830 High Court, P.0. Box 125
Wheatridge, Colorado

D. Synthetlic Procedures

1. Nitrogen ourification

Attainment of an inert atmosphere free of highly reactlve
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gases and molsture was accomplished by flushing all apparatus
used for organometallic compound preparations with dry, pur-
ified nitrogen gas as a preliminary step. This was followed
by masintenance of a slight, positlve pressure of nitrogen in
a sealed system throughout the reaction period.

Purification of the nitrogen as it was obtalned from the
tank demanded complete removal of oxygen and water vapor as
well as any acldic gases or carry-over from the purification
train. The purlfication traln is dlagrammed in Figure 1.

The first two bottles each contsln 50 g. zinc amalgam, 2 g.
vanadyl sulfate dihydrate in 100 ml. water, and 1.5 ml, con-
centrated sulfuric acid. These bottles are fitted with
dropping funnels for adding additional sulfuric acid to re-
generate the vanadous state of the vanadium., The nitrogen 1s
freed of any oxygen by the reducing action of the vanadous
lons.

The following bottle of water removes volatile vanadium
vapors carried over from the first two bottles. Empty bottles
serve as safety features in the event of any back-up or carry-
over of other reagents. The sodium hydroxlde removes acld
vapors plus some water, while the sulfuric scid removes am-
monia, other basic constituents, and water vapor, The cal-
clum chloride 1s anhydrous and removes any other water vapor,
The nitrogen then is distributed through glass tubing to

various points along the laboratory bench.
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2. Melting points

All meltling points were taeken by immersing a 1 mm. tube
contalning the sample and attached to a 560o C. thermometer
in a bath of DC 550 Silicone fluld which was stirred con-
stantly and heated by a gas burner. A melting range of 0.5
to 1 degree indicates pure material in use of a bath of this
type. The temperature was ralsed approximately two degrees

per minute near the melting point.
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V. EXPERIMENTAL RESULTS

A, Synthesls of Organic Compounds

1.. Preparation of phenyllithium (56)

In 2 300 ml., round bottom flask previously flushed with
dry, oxygen~free nitrogen and fitted with stirrer, condenser
and dropplng funnel were placed 2 g. (0.29 gram atom) 1lith-
ium metsl in 80 ml., dry ethyl ether. Then 20.9 g. (0.132
mole) of bromobenzene in 35 ml. dry ethyl ether was added
slowly to the stirred suspension at such a rate as to main-
taln a constant reflux. Stirring was continued for one hour
after the cessation of refluxing, and the system maintained
in s nitrogen atmosphere.

A two ml., aliquot of the phenylllithium solution was with-
drawn, hydrolyzed with water and analyzed as described pre-
viously. A two ml. sample required 11.2 ml. of 0.205 N
sulfuric acld, giving a yleld of 0.127 mole of phenyllithium
in 110 ml. of ether, or 95.0 per cent.

2. Preparation of triphenyllead lithium (55)

Using 105 ml. (0.120 mole) of freshly-prepared phenylli-
thium, triphenyllead lithium was prepared by adding the
filtered, clear solution of phenyllithium to a vigorously-
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gtirred suspension of 11.1 g. (0.04 mole) anhydrous lead
chloride in thirty ml. of dry ethyl ether cooled to -10°

C. by an 1ce-salt bath. The flask was flushed and constantly
filled with pure dry nitrogen gas. The lnitlal canary yel-
low color suddenly became light gray which is typical
behavior for thls preparation. A quantitative yield is ob-

tained when the reaction follows this behavior.

3. Preparation of Y -diethylaminopropyl chloride (18)

This compound was prepared according to the procedure
obtained from Neléon (104). A solution of 197 g. (1.5 moles)
of redlstilled -dlethylaminopropanol in 200 ml. of chloro-
form was added slowly to & solution of 357 g. (3.0 moles) of
thionyl chloride in 1200 ml. of chloroform cooled in a salt-
lce bath. The resultant mixture was-refluxed for twelve
hours, the excess solvent and thionyl chloride removed by
distilletion, and the remaining oil distilled. There was ob-
tailned 169.5 g. of clear, colorless liquid which boiled at
70-71° C. at 15 mm., Glass wool was placed in the distilling
flask to reduce excessive frothing during the distlllation,
Yield: 76 per cent.

The materlal was stored in the refrigerator to reduce

dimerization.
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4. Preparation of triphenyl-Y -dlethylaminopropyllead (54)

A 0.04 mole preparation of triphenyllesd lithium was
undertaken as described, and to the stirred gray suspension
was added 6.6 g. (0.04 mole plus 10 per cent excess) of
Y-diethylaminopropyl chloride in 25 ml. of dry ethyl ether.
An atmosphere of dry purified nitrogen gas was present at all
times. The tempersture was maintained at -10° C. for 10
minutes; then the solution was refluxed for 1.5 hours and
after cooling, the mixture was hydrolyzed by the cautious sad-
dltion of 1.5 per cent ammonium chloride when Color Test I
was negative (53). The ether layer was drled over anhydrous
gsodium sulfate and the dry ether solution subsequently dis-

tilled to remove the ether. The product was an oll which was

left in the flask.

5. Preparation of triphenyl-yY -(diethylmethylammonium)-propyl-

lead methosulfate

The o0il obtained from the preparation of the free amine
was dissolved in 40 ml. of dry benzene and added to a stirred
solution of 5.54 g. (0.04 mole plus 10 per cent excess) of
freshly-distilled dimethyl sulfate in 15 ml. of dry benzene.
After stirring for 1% hours at room temperature, it was re-
fluxed a short time and cooled. A white sticky solid material
precipitated and was filtered. There was obtalned 110 g. of

whilte crystals by recrystallization from benzene. Yield: 40.6
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per cent, based on the lead chloride.

6. Preparation of p-tolyllithium

The prepsration of p-tolyllithium was identical to that
of phenyllithium except that 22.74 g. (0.133 mole) of
p-hromotoluene was used instead of the usual amount of bromo-

benzene., A quantitative yleld was obtalned.

7. Preparation of triphenyllead chloride (52)

Following the directions given by Gilman and Roblinson
(52), an 0.08 mole preparation of triphenyllead chloride was
undertaken. Hot chloroform (600 ml.) was used to dissolve
40.4‘g. (0,08 mole) of tetraphenyllead after which hydrogen
chloride gas was passed into the refluxing solution at a mod-
erate rate. After 23 minutes, the gas flow was halted and
the solution refluxed 5 minutes, then f;ltered. Removal of
the chloroform and extraction of the resultant white solld
mass of material with 800 ml. of hot ethanol gave a total of
22.8 g. of triphenyllead chloride upon cooling. The product
melted at 205-206° C. Yield: 60.2 per cent.

8. Preparatlion of triphenyl-p-tolyllead

This compound was prepared using elther triphenyllead
chloride or triphenyllead iodide. For preparation of the
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chloride, 19.0 g. (0.04 mole) was suspended in 200 ml, dry
ethyl ether, and to the stirred suspension was added 32 ml,
(0.04 mole) of freshly prepared p-tolyllithium in ether with-
in 10 minutes. Color Test I (53) was negative at once, so
the mixture was hydrolyzed and an insoluble portion removed
by filtration. Following removal of the ether, the product
was recrystalllized from hot ethanol. A totsl of 19.8 g. of
triphenyl-p-tolyllead, melting st 125.5 to 126, 5° C., was ob-
talned. Yield: 93,5 per cent. When triphenyllead iodide
was used, the yleld of triphenyl-p-tolyllead was 95.2 per
cent. Triphenyllead lodide was prepared according to the
method of Gilman and Bailie (51).

The use of the organolesd detergent, triphenyl-Y-
(dlethylmethylammonium)-propyllead, led to the synthesis of
the carbon atom analog in which the lead atom is replaced by
a carbon atom. Such a compound would be known by the name,
4,4,4-triphenyl-n-butyldiethylmethylammonium methosulfate.
The formulas for the lead compound and its carbon analog are

shown below,

- +

—
cIJHZ-CH3
E<:::>}Pb-cH2-GH2-0H2-T CHs CHz0803 ™
3
CHg-CHg
- _

Organolead compound
triphenyl- Y-(diethylmethylammonium)-propyllead methosulfate
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- —+

?Hz'CHa

E<:::j}c-CHz—CHB-CHB-T———CHs CH50805 —
3

—

Carbon gnalog of organolead compound
4,4,4-triphenyl-n-butyldiethylmethylammonium methosulfate

The followlng syntheses were required for preparation of
the carbon analog., The compound was called '"444T" on the
basls of the offlcial name whlch would be given it by Chemi-
cal Abstracta., The compound found in the llterature which
most closely épproximated the structure of "444T" yas
4,4-diphenyl-n-butyldiethylamine which was prepared by Marxer
(91) and by Clarke and Mooradian (28), and as no reference to
any compound such as "444T" gould be found, i1t was synthe-
8lzed and characterized by analysls as beflts a new compound.

It was noted that Bachmann and Wiselogle (9) prepared
triphenylbenzylmethane by the reaction of triphenylmethyl
sodium with benzyl chloride. Therefore, it was felt that
the preparation of the desired amine; l.e., 4,4,4-triphenyl-
n-butyldiethylamine, could be achleved by the reactlon of
triphenylmethyl sodium and the readily available Y-dlethyl-
aminopropyl chloride. This reasoning led to the preparation
of triphenylmethyl chloride which was needed to obtain the

necessary triphenylmethyl sodium.
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9. Preparation of triphenylmethyl chloride (8)

This compound was prepared from fecrystallized triphenyl-
carbinol by dissolving 85 g. of the latter in 30 ml. of
benzene and cautiously adding 51 ml. of freshly-distilled
acetyl chloride to the hot solution. Heating and shaking
resulted in a clear solution which was refluxed for 30 min-
utes. 8kelly B (68 ml,) was added and the solution cooled
overnight in the refrigerator. There was obtalned 34 g. of
triphenylmethyl chloride as pure whlte corystals which were
drlied in a deslccator over paraffin and soda-lime. Yield:

37.3 per cent, (material in mother liquor not recovered).

10. Preparation of triphenylmethyl sodium

Following the procedure of Bachmann and Wiselogle (9),
30 g. (0.108 mole) of triphenylmethyl chloride was dissolved
in a mixture of 240 ml., of driedethyl ether and 240 ml. of
dried benzene; 12 g. (0.522 g. satom) of sodium sand (42) in
120 ml. of drled ether were added, and the bottle containing
thls mixture was tightly stoppered after preliminary flushing
with dry nitrogen.

After several hours of shaking (7 hours were required in
this 1lnstance), the appesarance of a blood-red color indlcated
the presence of the triphenylmethyl carbanion., The shaking
was continued for 10 minutes ana the mixture allowed to stand

for 2 hours in the refrigerator, Titratlon of a 5 ml. allquot
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(following hydrolysis) with 0.2050 N sulfuric acid gave &
total of 0.096 equivalents of triphenylmethyl sodium, or a
yield of 89 per cent.

1l. Preparation of 4,4,4~triphenyl-n-butyldiethylamine

In 8 1 liter round bottom flask flushed with dry nitrogen
was placed 13.5 g. (0.0902 mole) of freshly-distilled
Y-diethylaminopropyl chloride in 126 ml. of dry benzene.
Then 550 ml. (0.0902 equivalents) of triphenylmethyl sodium
in ether-benzene solutlon was added at a rapld rate of
dropping to the stirred refluxing amine solu%tlon. The red
color of the organometallic solution was dlscharged rapldly,
giving an orange-yellow color. Addition of the triphenyl-
methyl sodium requlred 45 minutes, after which the mixture
was refluxed 15 minutes more and then was allowed to stand
overnight. Hydrolysis of any unreacted orgasnometallic com-
pound by addition of 1.5 per cent ammonium chloride was
followed by washing the solvent layer with water and drying
by etanding over potasslium hydroxide pellets. Most of the
benzene was femoved by distillation but a portion of it was

left to aot as a solvent for preparation of the methosulfate.

12. Preparation of 4,4,4-triphenyl-n-butyldiethylmethyl-

ammonium methosulfate

The orange-colored benzene solution of the free amine
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above was allowed %o remain in the flask, and to it was added
11.4 g. (0.0902 mole) of freshly distilled dimethyl sulfate

in 76 ml, of dry benzene. A cloudiness resulted and some

heat was generated, although only enough to warm the solu-
tion. Upon cooling, crystals of product were obtained which
were washed with Skelly B and recrystalllzed from acetone.
This product weighed 21.5 g. and melted at 161-162° ¢. From
the mother liquor was obtained 7.3 g. of another product which
melted at 236-237° C. |

As this compound was not reported in the literature, both
products were analyzed qualitatively for nitrogen, halogen
and sulfur and were tested for solubility. The low melting
material (m.p. 161-162° C.) was called Compound A; the higher
melting materlal wass called Compound B. The data obtained
for each 1s glven in Table 2 on the following page.

On the basis of these preliminary results, 1t was de-~
clded to subject Compound A and the organolead compound analog
to infrared analysis. The curves obtalned are shown in Figure
2. They were sufficlently alike to believe that Compound A
was the desired product. This evidence was therefore made
the basis for sublJecting Compound A to quantitative organic
analyses for carbon, hydrogen, nitrogen and sulfur. The
analyses were performed by the Huffman Mlcroanalytical Labor-
atories, and arc reported below.

Anal. Calculated for CypH;n0,NS: €, 69.53; H, 7.71; N,

2.89; 8, 6.63. PFound: C, 69.,23; H, 7.6%7;
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Table 2. Physical and chemical properties of Compound A
and Compound B.
Test A B
1. M.P. determination 161-162° C. to a M.P., 236-237° GC.

2. Bellstein (halogen)
3. Sulfur (Na fusion)

4, Nitrogen(Na fusion)
5. Barium precipltate

6. Grams obtalned

7. Solubility

8. ©SZurface tension

reduction

clear liquid®

negative;compound
burns

positive
positive (?)

addition of BaCl
to agq. solution
gave no precipi-
tate; gel formed

21.5

2
b

goluble in water

very strong®

tto a brown
liquid

negative; compound
burns

positive

positive
preciplitate form-
ed which gelled
on standing

7.3

partly soluble

moderate

8Mixed M.P. with triphenylcarbinol: 153-154° C. with pre-

liminary softening.
b

Triphenylcarbinol melts at 161° ¢.

Additlion of BaClp to the organolead analog gave ldentical

behavior as A.

°Strong gsurface tension-reducing properties with organo-

lead analog.
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N, 2.98; S, 6.73.

These results have been taken as confirmation of the
structure of Compound A as the carbon atom analog of the or-
ganolead compound (see structures on pages 70 and 71). This
new compound has been called "444T", and will be referred to
by thles designated number in lieu of its entire name; 1i.e.,
4,4,4-triphenyl-n-butyldiethylmethylammonium methosulfate.

Compound B (m.p. 236-237° C.) is unknown as to 1its
structure, although it has been felt that a halogen-metal
interconversion between triphenylmethyl sodium and
Y-diethylaminopropyl chloride may occur to give some
Y-dlethylaminopropyl sodium. This might then react with the
chloride to give 1,6-bis-{(diethylamino)-hexane. The bis-
methosulfate of such a compound would be expected to have a
rather high melting point because of the two positive and neg-
atlve centers in the molecule. Furthermore, the dimethlodilde
of 1,6-bis-(dimethylamino)-hexane prepared by von Braun (144)
did not melt at a temperature of 270° €. so this adds support
to the possibility of a rather high melting point for a bis-
methosulfate of the postulated diamlne: The melting point of
the methosulfate of n-propyldlethylamine (see below) is 196°

C. No further work was done with Compound B, however,

13. Preparation of n-propyldiethylamine (37)

A 500 ml. round bottom flask was fltted with a water-
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cooled condenser and a mixture of 100 g. (0.81 mole) of
n-propyl bromide, 76 g. (1.04 moles) of freshly distilled
diethylamine and 40 g. (0.435 mole) of glycerol was refluxed
for 67 hours. The miscible solution formed two layers witﬁin
two hours, and remained thus for the remsinder of the reac-
tion. When reaction was complete, the mixture was cooled,

40 ml, of water was added, followed by 160 ml. of 50 per cent
potassium hydroxide. The mixture of amines was extracted
with ethyl ether and the ether solutlon dried over pellets

of potassium hydroxide.

Fractionation (following removal of the ether) of the
golution of mixed amines gave 41 g. of product in the
104-108° C. range which was identified as n-propyldiethyl-
amine by 1ts index of refraction (n ®C : 1.4064). A portion
of this material was redistilled at llO-llloc. as a clear,
colorless liquid. Yield: 44 per cent.

14, Preparation of methyldiethyl-n-propylammonium methosul-

fate

In a ?50 ml.'round bottom flask fitted with a stirrer
and dropping funnel was placed a solution of 23 g. (0.2 mole)
of freshly distilled n-propyldiethylamine in 25 ml, of dry
ethyl ether. A solution of 25.2 g. (0.2 mole) of freshly
distlilled dimethyl sulfate in 50 ml, of dry ethyl ether was

added dropwlse, wlth cooling, to the stirred amine solution.
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Stirring was contlinued for 15 minutes, followed by refluxing
for 30 minutes which caused production of a heavy olly layér
and an upper turbid ether layer.

The turbid ether contained a water-soluble substance in
1hsign1ficant quantities; the bottom layer of slightly brown
0ll was saturated with ether but was water-soluble. This
layer was dissolved in hot acetone, decolorlzed with Norit,
and the acetone was removed in & nitrogen atmosphere at re-
duced pressure. A colorless oll remalned which formed a glass
when 1t was cooled in Dry Ice, but formed crystals when the
glass was warmed. Recrystallization from acetone gave a

white crystalline product which melted at 196° ¢.

B. Preliminary Experiments

l. Solvents and solubility

The use of water-soluble compounds for antibacterial
studies 1s an ideal condition for the research worker as aque-
ous medla are required for the successful growth of micro-
orgenisms. The soluble organolead compound used and the 444T
presented no difficulties in regard to thelr addition to
media except for gel formatlion of 444T at a concentration of
1 x 1d4ﬁole per ml, Heating the gel caused rapid liquefac-

tion, however.

The introduction of water-insoluble organometalllc
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compounds into a medlum presented difficulties. It was de-
clded to find solvents which would satisfactorily dissolve a
gsufflcient quantity of an organometelllic compound to gilve a
solution of at least 1 x 10~% pole per ml.,, and which would
be miscible with water. Furthermore, these solvents would
have to possess little or no toxicity to the microorganism in
the concentrations which would be used. |

Such stipulations meant that a trial of any avallable
solvents for thelr toxicity and solublility was necessary so
some were tested in this regard. Some solvents were known to
be toxlc before trial (such as 100 per cent ethanol) so were
not tested for toxliclty after a preliminary solubllity test
showed them to be poor solvents, since too high a concentra-
tion of solvent would be needed in order to attaln a suitable
concentration of the organometallic compound in a medium.

The Butyl Cellosolve proved to be a good solvent but was
shown to be inhlibitory to the growth of Saccharomyces

cerevislae 8o 1t was not used except in limited instances

where 1ts presence was below the inhibltory level.

2. Effect of the presence of yeast extract on glucose

analyses

It was recognized that the use of Difco yeast extract in
a medium would probably cause an increase 1n the quantity of

copper oxidlzing reagent used for reducing sugar analyses.
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Thus a sample of aqueous yeast extract corresponding to the

concentration present in the normal medla used for Saccharo-

myces

sugar

tion.

cerevisiae was treated with Reagent G for the reducing
analyses, wlth glucose present in the normal concentra-

Another sample containing no yeast extract but glucose

Table 3. Solubllity of organometallic compounds in organic

golvents,
Butyl
Compound Ethanol Dloxane Cellosolve
1. Triphenylbis-
muthine
dichloride insol., insol, mod. sol,
2. Triphenylsilanol sol, sol. sol,
5. Diphenylmercury sl. sol. mod. Bsol. mod. sol.
4. Triphenylbenzyl- .
lead insol. gol. sol.
5. Triphenyl-p-
tolyllead insol, gol. gol,
6. Tetraphenyllead insol. insol. ————
7. Tetraphenyltin insol. insol. ———

only, was also treated with Reagent G.

Glucose solution:
Glucoge-yeast extract solution:

2.065 mg. glucose present.

2.364 mg. "glucose"
present.

This shows that 0.299 mg. or approximately 0,3 mg. of
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"theoretical glucose" might be attributable to the presence of
yeast extract. On the basls of this behavior, all reducing
sugar analyses whilch were made included a blank run on a
sample of sterile medium to nulllify the adverse effect of the

Yeast extract on the analyses.

3« Exposure of medla contalning an organolead detergent to

alr-borne microorganlsms

Three 10 ml. Erlenmeyer flasks, each containing a solu~
tion of 200 mg. of glucose and 2.5 mg. of yeast extract in 10O
ml, of distilled water were sterilized and then allowed to
stand opened to the atmosphere for five days. One flask was
a control, while to another was added 10“4 mole of triphenyl-
Y-(dlethylmethylammonium)-propyllead methogsulfate and to the
third was added 10-6 mole of the same compound.

The control medium was covered with mold mycellia of sev-

eral different varietles, among them Penicilllum and what

appeared to be Agspergillus niger, while the flask with 10-4

mole of lead compound was free of any contaminants. The
£lask with 10~° mole of lead compound had a turbid medium in-
dicating contamination although no mold mycella were present.
This would indicate the highest degree of toxleclty toward
molds and a moderate toxicity toward other microorganlsms

which are not, perhaps, molds.
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4, @Growth of an air-borne mold in the presence of an organo-

lead compound

The results obtained by using the water-soluble organo-
lead compound (triphenyl-Y-(diethylmethylammonium)-propyllead
methosulfate) led to the trial of this material against an
alr-borne mold which had been cultured from a contaminated
glucose medlum. The mold was grown in the presence of more
dilute concentrations of the lead compound as the use of 109
mole of compound per ml. of medium was apparently toxlc to
all alr-borne microorganisms. In Figure 3 the glucose uti-
lized 1is plotted vs. the concentration of organolead compound
(mole per ml. of medium), showing the large increase in glu-
cose utilization by the mold when dillute solutions of the
organolead compound are present. However, the lack of growth
at a concentration of 10~7 mole of lead compound per ml, of
medium is in accord with the exposure of the various media
to the alr for five days; no mold mycella were to be found
in the flask with this concentration (10"7 mole) of lead com-
pound. The mold was allowed to grow for 36 hours only, so
the glucose uptake for the normal culture containing no or-
ganolead compound is small. The glucose uptake was largest
when 102 mole of the lead compound per ml., of medlum was
present. It is seen that at these concentrations the normally
toxic effect of thls organolead detergent has been suppressed

and that the surface tenslon reducing propertlies are
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apparently alding in the diffusion of nutrients into the cells

to glve the remarkable lncrease seen here.

5. Growth tests of microorganisms in the presence of an

organotin compound

A small sample of an organotin dye acid was obtalned
from Mr. Sanders Rosenberg. It is a dark réd compound called
triphenyl-2-(p-carboxyphenylazo)-5-dimethylaminophenyltin
godlum salt. This compound was impure so no extensive work
involving 1ts use was planned. A portion of 1t dissolved in
water, so a_saturated aqueous solution was prepared by agltat-
ing a warmed mixture of the tin compound and water at 60° ¢.
The clear pink solution was used in a test culture of

Saccharomyces cerevislae. No inhibition was noted.

A more concentrated solution of the tin compound contain-

ing 0.0001 g. per ml. was obtalned and used for growth of

cultures containing Ssccharomyces cerevlsiae and Lactobacll-

lug delbruecklii. Normal media were prepared with 2 per cent

glucoge and 0.25 per cent Difco yeast extract, using distilled
water as the solvent. Identlical medla were made, uslng as a
solvent the solution of the organotin compound prepared.

Each organism was introduced as a 0.0l ml. lnoculum into in-
dividual flasks containing 50 ml. of normal medium and tin-
containing medium. These were incubated at 31° C. for 24

hours. No inhibitlon of growth of Lactobacillus delbrueckil
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appeared in any case, as the normal medium and tin medlum were
both cloudy and had normal growth. Simllar results for

Saccharomyces cerevisiae were found. Heavy deposits of cells

were found at the bottom of each flask.
These prelliminary checks did not demonstrate a toxic ef-

fect of this tin compound on elther Saccharomyces cerevisiae

or Lactobaclllus delbrueckili.

6. Growth of Saccharomyces cerevislae in the presence of tet-

rakis-(p-dimethylaminophenyl)-lead tetramethiodide

This organolead compound has the followlng structure:

+4
ECHa)S N@}pb 41
| 4

tetrakis-(p-dimethylaminophenyl)-lead tetramethiodide

A solutlon of 3 x 106 mole per ml. concentration was
prepared by dlssolving 0.0877 g. of this lead compound 1ln dls-
t1lled water to make a solution of 10 ml. total volume.
Different concentrations within a range of 6 x 10~% mole to
3 x 10'7 mole of compound were added to 2 per cent sucrose
and 0.25 per cent yeast extract media which had besn previously

inoculated from an agar slant of Sacchsromyces cerevislae.

After 16 hours, all flasks showed equally good growth of

yeast cells,
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C. Tests Conducted on Microorganisms
Using Organic Compounds

l. Aspergillus niger

The preliminary observation made with the air-borne mold
and wlth the water soluble orgsnolead detergent, triphenyl-Y -
(diethylmethylammonium)-propyllead methosulfate led to an

experiment with a known mold, Aspergillus niger.

Eight flasks containing 15 ml. of inoculum medlum each
were inoculated with a small wire loop of fermentstion broth
from a 36 hour old culture of A, niger 67. These inocula were
grown as shake cultures for 24 hours at 30° C. and then each
one was transferred to larger flasks containing 200 ml. of
Termentation medium per flask. The large flasks were aerated
by humidified alr as described previously in the section en-
titled "Methods".

The fermentation was allowed to proceed for 3 days and
the medium then removed. A carry-over of water vapor from the
humidification flask caused an increase of totel volume in
several flasks (No, 3, 4 and 4A) which was accounted for in
the_calculation of the sugar remaining. The results of this
determination were falrly satisfactory as they showed trends
which were similar in the action of this same lead compound
when 1t was used with the alr-borne mold alluded %o

previously.
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For properly comparing the activity of these compounds,
the unit concentration of the orgenolead compound expressed
as moles per ml. of medium must be calculated. A comparison
of Figure 3 with Figure 4 will demonstrete some degree of
simllarity of the effect of adding 10”° ana 1078 mole of the
organolead compound.

The materials used in the media for the growth of A.

niger for the inocula and the fermentatlon are given in Table
4,

Table 4. 1Ingredlents of medla for Aspergillus niger,

Grams/liter Inoculum Fermentation
Glucose 50,0 160.0
Mg304.7 HpO 0.12 0.156
KH2P04 0,156 0.188
KCl1 0.20  aeee-
(NH4)2 Hpo4 | 0.60 0.388
Ferrlic tartrate 0.0l eee—-
Yeagat extract 3.0  emea-
Agar . 1.5 N
caco,  emee- 26,02

83terilized separately by heating at 320° ¢. for 20 hours.

The results of the glucose determinations as plotted in
Figure 4 are given below the plot. It may be said that
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PER CENT GLUGOSE UTILIZED

0 10 10® |0 To R
MOLE CPD./ML.OF MEDIUM

Figure 4. {lucose utilizatlon of Asperglllus niger in
the presence of triphenyl- Y-(diethylmethyl-
amnonium)-propyllepsd methosulfate.

¥Yole of compound Mole of compound per Per cent glucose

added to medium ml. of medium utilized
None 4 ﬁﬂne.‘a 58.4
2 x 10:4 1l x 10_o 0.0
4 x 10 6 2 x 10_8 0.0
2 x 107, 1 x 1074 50.0"
2 = 10’8 1l x 10 70.3
2 x 10"8 lx 10"10 23.7
2 x 107 1 x 107 30.0
Byalue may be too low; dotted line of graph may represent
a truer presentation of the curve.
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inhibltion of A. niger by this organolead compound tends to
parallel that shown agasinst the alr-borne molds; that is, a
complete inhibition of glucose metabolism 1s observed at con-
centrations of 10™' mole of compound per ml. of medium for
the alr-borne mold and of 10"'6 mole of compound per ml., of
medlum in the case of A. niger. An enhancement of glucose
utilization by A. niger occurred at a concentration of 1078
mole of lead compound per ml, of the medium, with partial
growth at the 1072° mole per ml. level, perhaps due to an in-
creased rate of passage of metabolites through the cell wall
because of a reduction of surface tension of the aqueous

phase.,

2. BSaccharomyces cereviglae

The use of this mlicroorganlsm by other investigators for
analyzing the inhibitory and toxlc effects of organlc com-
pounds has been very extensive. In this thesis, thls same
yeast has been used alsd to a large extent. The cultures
were allowed to grow at 30° ¢. without any agltation, so con-
ditions were essentlally anaerobic during the growth periods.

It was shown previously that the 1nitial experiments with
S. cereviglae were conducted uslng the‘tin compound supplied
by Mr. Sanders Rosenberg, and with tetrakls-(p-dimethylamino-
phenyl)-lead tetramethlodide supplied by Dr. Henry Gilman,

These two compounds did not demonstrate any toxlcity 1in the
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concentrations which were used, and as thelr solutions were
not stable over a perlod of time, the use of other compounds
was undertaken.

The use of organic solvents was mentloned previously in
their role as "carriers" for the water-insoluble organic com-
pounds employed in this research. Some solvents were individ-
ually evaluated by introducing actively-growlng cells of 8.
cereviglae into medls containing carying concentrations of
them. Solvents which showed no toxiclty resulted in & 100
per cent utilization of glucose.

Among the solvents tested, the results had to be corre-
lated with thelr ability to dissolve the various compounds

used.

a. Butyl cellosolve. Concentrations from 1 per cent to

50 per cent were used for a check of the toxlcity of this solv-
ent. It was seen to be quite foxlc to 8. cerevislae as all
concentrations gbove 1 per cent were inhibltory, whereas values
of 2.3 per cent and 17 per cent glucose utilization were

found for a medium where only 1 per cent of Butyl Cellosolve
was present. This seems to indicate an inhibition which would
be overcome were the yeast cells allowed to remain in the me-
dium for a longer perlod of time. Thus 1t would perhaps be
satlsfactory if the concentration of Butyl Cellosolve were held
to less than 1 per cent, although this level places severe

limitations upon the suitablility of this solvent in view of
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1ts limited solvatlon of the organometallic compounds.

b. Ethyl lactate. It was thought that because lactlc

acid 1s a normal product of metabolic activity in many micro-
organisms, that 1ts ethyl ester, ethyl lactate, might prove
to be a relatively non-toxic solvent. Therefore, a pure sam-
ple was obtalned from the fractional distillation of impure
material, and the liquid bolling at 63 to 66° ¢. at 20 mm,
pressure was used for toxlclty tests. Rodd (117) gave the
boiling polint as 69 to 70° ¢. at 36 mm. pressure. Smith and
Claborn (128) gave the bolilling point at atmospheric pressure,
154.5° ¢.

Medla were prepared with different concentratlions of ethyl
lactate in glucose (2 per cent) and yeast extract (0,25 per
cent) medium by adding the required amount of solvent to 5 ml.
of medium containing 4 per cent glucose and 0.5 per cent yeast
extract and adding sufficient distilled water to make a total
volume of 10 ml., Each flask of medium was lnoculated with a
small loopful of an actively-growing 24 hour old culture of S.
cerevisise and incubated for 24 hours at 30° C. One ml. sam-
ples were removed and each dlluted to 10 ml., One ml. sliquots
of the dilutions were used for the glucose analyses. An in-
dividual flask of the corresponding concentration of ethyl
lactate in sterile medlum was also analyzed for glucose so
that no error in the reducing sugar determination would be in-

troduced by the presence of ethyl lactate. The data 1ln Table
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5 show the results of this experiment.

These data show better potentialities for ethyl lactate
than for Butyl Cellosolve, as the uptake of glucose was com-
plete for concentrations of 2 per cent, and high for 3 per
cent, indicating that up to 2 per cent of ethyl lactate will

be satisfactory for use in cultures of 3. cerevisiae,

Table 5. Glucose utlilization of Saccharomyces cerevislae at
different concentrations of etHy% Tactate.

Per cent ethyl lactate Per cent glucose utilized
0 99,3
1 100.0
2 100.0
3 73.2
4 0.0
5 0.0
10 0.0

A test of ethyl lactate and of acetal at a concentration
of 4 per cent for esch solvent in separate cultures was made.
This experiment checked for any possible decrease of toxicity
for ethyl lactate when the solvent was added after steriliza-

tion of the media. In the preceding experliment, the medla
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were sterilized in the autoclave wlth ethyl lactate present,
This could concelvably give rise to partlial hydrolysis of the
ester to form free lactic acld and ethanol, thus altering the
toxiec qualities of a 4 per cent concentration of ethyl lac-
tate. However, no growth occurred in the acetal or the ethyl
lactate, indlcating unsultability of these compounds when

present in concentrations of 4 per cent.

c. Dloxane. An interesting observation was that of the
behavior of dloxane in medla contalning cells of 3, cerevis-
lae. Ethyl ether has been consldered to be toxic to this
yeast, and as dloxane resembles thls compound, it was felt
that 1t would be equally or even more 1nhibitory.A These two

compounds are shown below:

CHSCHQ-O-CHECH5 ?Hchz-ngHz?Hz

ethyl ether dioxane

However, a study of the toxlclty of dloxane has shown
that concentrations as high as 4 per cent do not appear to show
any appreclable toxleclty toward the metabollsm of glucose by 8.

gcereviglae, so thls result 1s an indication that dloxane

would be a sultable solvent from the standpoint of non-

inhibitory activity.

d. Triphenyl-Y-(dlethylmethylammonium)-propyllead

methogulfate. Previous experimental work reported in this




93

theslis has indicated that this compound is inhibltory to mic-
roorganlsms. Hence a study of its activity toward yeast was
initiated, and results were based on the utilization of
glucose as a measure of the growth of the cells, as glucose
metabollsm 18 the energy source for growlng yeast cells.

A solutilon containing 107% mole of the compound per ml.
was prepared by dissolving 1.6971 g. of the soluble lead com-
pound in distilled water, and diluting the solution to 25 ml.
total volume. A one ml. aliquot was removed and diluted to 10
ml. to give 1079 mole per ml. of solution. A one ml. aliquot
of the lO"5 mole per ml. solutlon was then used for preparing
a 1078 mole ver ml, solution, and so on. This procedurs 1is
the one used in preparation of all organometalllc solutions
used in the experimental work reported in this thesis.

A preliminary trial experiment showed that addition of

-4

10 ° mole of this lead compound to 10 ml. of glucose medium

inoculated with 8. cerevisime would prevent all growth. There-
Tore thls concentration was chosen as the starting point for
a series of decreasing concentratlions of the solutlons of the
lead compound added to cultures of 8. cerevislae. The re- |
gults are glven in Table 6.

A sudden increase in glucose utilization occurs at a con-
centration of 10° mole per ml. of medium; thus the toxic
level 18 approximately 10’6 mole per ml., of medium for this

compound wilth 3. cerevisilse.
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Sucrose, a disaccharide composed of one molecule of glu-
cose and one molecule of fructose, 18 hydrolytically cleaved
by the enzyme invertase. 8. cerevisisme uses invertase to

make glucose avallable when sucrose 1s present as the

Table 6. Growth of Saccharomyces cerevisiae in the presence
of varisble concentrations of triphenyl-Y-(diethyl-
methylammonium)-propylleed methosulfate.

Yole of compound per

ml, of medium Per cent glucose utilized
None 100.0
107° 0.0
107° 0.0
1077 100.0
1078 97.4
109 99.1
1010 94.6

substrate, so it was decided that because sucrose 1is a‘non-
reducing sugar, any glucose which 18 formed might be detect-
able in the medium. Demis gt al. (33) have shown that their
results point to invertase as an extracellular enzyme which

1s attached to the outer cell wall of 8. cerevislae, and

which forms glucose and fructose at a rate far 1in excess of

the rate of dirfusion of these monosaccharides into the cell.
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It was hoped that a reducing sugar analysis might demonstrate
the presence of glucose and fructose if the invertase was

not inhibited, because in flasks where the presence of the
organolead compound prevented growth, the lack of invertase
inhibitlion might cause a detectable amount of glucose and
fructose to be present in the medium. Such a behavior would
indicate that the 1lnvertase of yeast was not inhiblted by the
soluble organolead compound. Reducing suger analyses, how-
ever, falled to demonstrate the presence of any significant
amount of such compounds.

An interesting study of the addition of the soluble lead
compound to growlng cells showed the effeot of thls detergent
on yeasi cells of different ages. A series of flasks contain-
ing identical quantities (10 ml.) of the same glucose-yeast
extract medium were inoculated at the same time with 0.5 ml.
of an actlvely growing 24 hour old culture of 8. cerevisise.

A 1074 mole addition of the soluble organolead compound was
made to the first flask, and to succeeding flasks at one hour
intervals over an eleven hour perlod. The flasks were all al-
lowed to remain in the incubator at 30° ¢. for 24 hours before
belng removed.

A cell count of the inoculum showed that 0.5 ml. con-
tained 3.1 x 107 cells., Thus there were 29.5 x lO5 cells per
ml. of medium or a total of 3.1 x 107 cells present when ZLO"4
mole of organolead detergent was added. A mole of any com-

pound contains 6.02 x 1025 molecules; hence there was added
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23

-4
one ml, of solution containing 6.02 x 10 x 10 or 6,02 x

lO19 molecules of organolead compound. By dlvision, one finds
that there were 1.95 x 1012, or 1,960,000,000,000 molecules
present for each yeest cell at the inltiastlon of the experl-
ment. A cell count taken seven hours later indicated a con-
centration of approximately 3.4 x 108 cells in the flask,
giving 1,77 x 1011 molecules per cell. Such a ratio of mole-
cules per cell was also inhibitory to the metabolism of
glucose as only 27.2 per cent of the glucose was utillzed
showing that the uptake of i1t was halted.

In the data of Table 7 are presented the results of the
addition of the lead compound at the various times shown.

Some of the glucose utilization values appear to be ab-
normally low, such as number 5, 7 and 8, but this may be due
to poor inltial growth following inoculation on the part of
gome of the cultures. In spite of these abnormal examples,
it is interesting to observe the graded inhlbition of glucose
uptake with time, showing thet thls soluble organolead com-
pound ls toxic over a large varlation in the yeast cell con-
centration of a medium,

It was desired to determine whether the prolonged exposure
of living cells of 3. gerevisiae to 10~% mole of the water-
soluble organolead compound in 12 ml. of medium for several
days would result in a loss of cell viabllity. In g flask of
10 ml. of medium containing 2 per cent glucose and 0.25 per

cent yeast extract was placed 10'4 mole of the lead compound



97

Table 7. Effect of 10“4 molar concentration of triphenyl-Y-
(dlethylmethylammonium)-propyllead methosulfate
on yeast cultures of different ages.

Lead compound added
at elapsed hours Per cent glu-
following Ainocula- cose utilized
Sample No. Inoculum tion in 24 hours

- 0 0.0%
none added 94.8
6.6
11.0
5.7
11.4
9.7
11.4

O O 9 ;O G od Y

21.5

[
o

27.2

| =
=

37:3

0 ® -~ O o » v N O

[
o

63,6
64,1

+ 4+ -+ + + + + + 4+ + + +

o]
v
[

o

8Control flask; not inoculated.
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in one ml. of water, followed by aseptic lnoculation with 1
ml. of a 24 hour culture of S. cerevisiame. After 9 days at
30° ¢., no growth had occurred, so the cells were resuspended
by shaking and a loopful of this cell suspension used to
lnoculate 10 ml. of fresh medlum. After two weeks, no growth
had occurred, so a repeated inoculation of 0.2 ml., of the
original cell suspension was placed in 21 ml., of fresh
medium, but no growth took place.

Another addition of 10~% mole of soluble organolead com-
pound to 10 ml. of en active, 24 hour old culture of 8.
cerevisigse was made and allowed to stand at 30° C. for five
weeks. The yeast cells were then centrifuged at ca. 10,000
r.p.m, for 10 minutes and the supernatant liquid removed by
decantation, The cells were then washed by resuspending them
in distllled water and centrifuging. This was repeated five
times in an effort to remove the water-soluble lead compound
completely. The cells were resuspended in fresh sterile glu-
cose and yeast extract medium and incubated at 30° C, After
two days, no growth had occurred.

The appearance of the yeast cells (S.cerevisiase) aftef
exposure to the organolead detergent is of interest as they
exhiblt "coagulation", forming large olumps of cells. When
the cells were washed with water, these clumps were reduced
in size although there were still some evidences of abnormal

behavior in theilr physical appearance, for a sufficient number
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of cells were still in a coagulated or clumped state as to
render them vlsible to the naked eye. Thilis 1is possibly due
tolthe adsorption of the organolead detergent compound onto
the yeast cell surfaces, as described by Beck (16) and Beck
and Meler (17) who have described the action of phenoxyethyl-
dimethyldodecylammonium bromide on yeast. They clte the
parallelism between the type of adsorption isotherm given by
the detergent with Norit. vs. that given by the detergent and
yeast cells.

The potency of the lead atom in the molecule used here 1is
less than that of the quaternary nitrogen and the five chemi-
cal groups bound to it. Later experimental work was done on
the carbon atom analog of this lead compound and the alkyl
chain and nitrogen atom portion of this molecule. This will
be reported later.

It has been eatabllished that the viabllity of S. cerevis-
iase cells 1s destroyed by the presence of the water-soluble
organolead compound, triphenyl-yY -(diethylmethylammonium)-
propyllead methosulfate. It was next decided to see how
quickly the viability (as measured by the cell's ability to
reproduce when transferred to fresh, sterlle medium) of a cell
was destroyed when a known toxlec concentration of the organo-
lead detergent was added to a large concentration of them.

. The following procedure was adopted:
To each of six tubes contalning 12 hour old actively-

growing cells of 8. cerevisiae was added one ml. of an
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organolead detergent solution whose concentration was 10°°

mole per ml. This gave a concentration of 10~8

mole of ocom-
pound per ml., of medium., After predetermined intervals of
time, O.1 ml. aliquots from different tubes were transferred
to fresh medium and incubated for 24 hours at 30° G. A check
for viable (growing) cells was made at the end of thls time,
but no growth was observed in any sample.

A tube from this experiment in which no growth had oc-
curred was inoculated with pure, resting cells of 3. cerevis-
lae to see 1f growth would occur as a check for any toxic or
inhibitory conditions existing in the tube of medium. After
only 5 hours, growth had taken place sufficlently for visusal
detection. Observation of the other tubes in the order of
their increasing time of exposure of the cells to the lead
compound showed increasingly smaller smounts of white material
at the bottom of each tube. These were agltated by sheking,
and were incubated at 30° @. Results after 4 days are given
below. It can be seen that these cells did not lose all thelr
viability within 5 minutes as the 24 hour check reveals, but
are only inhibited and retarded for an indefinite length of
time. The resultant inhibition appears to affect the vigor
of the ensulng fermentation.

These data may be summarized by saylng that inhibitlion
of S. gerevisiae cells in varylng degree results from sn ex-
posure of the cells to a concentration of organolead detergent

of 10"6 mole per ml. of medium when the time of the exposure
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is less than 45 minutes. Exposure of greater than 45 minutes
duration results in loss of cell viabllity. This indicates
that the reactlon or the process of adsorption is not an in-
stanteneous one, but proceeds at a rate that 1ls effectively
complete in 45 minutes, and that the process is irreversible

in the presence of fresh medium.

Table 8. Effect of short time exposure of 8., cerevisiae tou
triphenyl-Y -(dilethylmethylammonium)-propyllead

methosulfate.
Growth after Growth after

Tube No. Exposure time (min.) 24 hours 4 days

1 5 none excellent

2 10 none excellent

3 15 none fair

4 30 none fair

5 45 none none

6 60 none none

The cationic type of detergents has been shown to possess
greater bacteriostatic propertles in alkaline medlia than in
acldic media. A study of cationic and of anlonlc detergents
upen the respiration and glycolysis of both Gram positive
and Gram negatlve organisms was undertaken by Baker et al.

(11). They found the cationic types to be enhanced in their
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actlivity in alkaline solutlon, whlle acld solutions enhanced
the anlonlc varletles. The organolead detergent, triphenyl-
Y-(diethylmethylammonium)-propyllead methosulfate, 1s a
catlonic detergent, so 1lts effectiveness was tested at differ-
ent concentrations of the compound at different pH values
within the pH range of 3 to 8.

Buffer solutlions were prepared according to the method
of MacIlvaine (88). Two solutions, designated as Solution A
and Solution B, are added to each other in the proper propor-
tlons so as to produce a solution having the desired pH.

Thege solutlions are described here:

golution A: Dissolve 107.3 g. of dlbasic sodlium phosphate
heptahydrate in carbon dloxide-free dlstilled water and dilute
this solutlon to exacetly 2 liters total volume in a volumetrlo
flask., A 10 ml. sample should require the addition of exactly
20.00 ml. of 0.1000 N hydrochloric acld to give a pH of 4.5.

A Beckman pH meter was used to help attaln this concentration

of phosphate solution,

Solution B: Dissolve 42.0 g. of C.P, citric acld monohydrate
in distilled water and dllute to exactly 2 liters as above.

A 10 ml. sample should require the addition of exactly 30.00
ml., of 0,1000 N sodium hydroxlde for neutrallzatlon to a
phenolphthalein end polint.

The solutiong of the required pH were prepared by combin-

ing dilfferent volumes of Solution A gnd Solution B as shown
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in Table 9.

The medla were prepared by dissolving 1.0 g. of glucose
and 0.125 g. of yeast extract in 50 ml. of the desired buf-
fer solutlon. FEach portion of medium was then distributed
to five flasks to glve 10 ml. of medium per flask. The

Table 9. Preparation of buffer solutlons over a pH range
of 3 to 8.

pH
pH deglired ml. Solution A, ml, Solution B. obtalned

3.0 20.5 79.5 3,04
4.0 38.5 61,5 4,00
5.0 51.5 48.5 5,01
6.0 63.2 36.8 6.00
7.0 82.4 17.6 6.95%
8.0 97.3 2.7 7.94%

8The pH of these solutlons was adjusted to the exact values

of 7,00 and 8.00 by the addition of Solution A, using a
Beckmann pH meter.

contents of.the flasks were designated by a key i1llustrated
below. The lead combound referred to here is triphenyl-Y-
(diethylmethylammonium)-propyllead methosulfate.
5-M PH= 3; medium only; 1 ml. water; sterile
3-0 pH= 3; medium; org.; 1 ml. water

3-4 pH= 3; medium; org.; 104 mole of Pb compound
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3-6 pH= 3; medium; org.; 10"6 mole of Pb compound
3-8 pH= 3; medium; org.; 10"8 mole of Pb compound

In this key the initial digit "3" denotes the pH of the
medis, while the suffix (-M, -0, etc.) designates the criti-
cal characteristics of the solutlon such as the presence of
medium only (-M); organism and medium only (-0), or a con-

4

centration such as 10"~ mole of the compound (-4)., The pre-

fix "4" indicates a pH of 4; a "5" represents a pH of 6, and
80 on.

The medla were autoclaved at 17 p.s.l. for 30 minutes
and each was ilnoculated with a "loopful" of an active, 24
hour culture of 8. cerevisime. Following an incubation at 30°
C. for 24 hours, the presence of any growth was designated by
a plus sign; no growth was shown by a minus sign. Sultable
aliquots were removed and analyzed for the presence of glu-
cose. These results are given in Table 10,

Autoclaving the alkaline solutions of glucose caused a
decrease of the pH in the range of 6.00 to 8.00. Table 11
shows the pH of the medla after sterilization.

The values for the glucose utilized by the microorganism
at any given pH were based oﬁ!the total glucose present in
the control flask of sterile wedium at the respective pH of
the solutions being analyzed.

Althbugh the high pH values of 7 or 8 tended to impose

a negative effect upon the successful growth of 8. cerevisiae,
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Table 10. Growth of 3. cerevislae at different pH levels.

Flask No, Growth in 24 hrs. Per cent glucose utiligzed

3-M
3-0
3-4
3-6
5-8

©O
s JisNuKojo]

OCO0O000 ONORO NDOOMO OMOOO0 00000 QQ(\O’#O

4+
2

4-M -
4-0 +
4-4 -
4.6 + 10
4.8 + 10

5-M -(=)
5~0 -(+)
5-4 -(-)
5-6 -(+) 5
5-8 -(+) 9

<o)

O0O0CO BwgJoOOMO VOO0 0ONOWMO 00000

e o © ¢ o

6-M -
6-0 -
6-4 -
6~-6 -
6-8 +

e O o o o

-

7-M
7-0
7-4
7-6
7-8

8~-M
8«0
8-4
8-6
8-8

o

o

o

L

8values in parentheses were based on further observatlion
after flasks had stood at room temperature for 48 hours.
Glucose values were based on medlia analyzed after this
period for all flasks.,

bSmall amount of growth as evidenced by glucose utilization
values.
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an enhancement of the bacteriostatic effectliveness of the
organolead catlionic detergent appeared to be demonstirated
at a pH of 6 as compared with a pH of 6. A pH of 4.0 to

4.6 1s most conduclve to the proper growth of 3. cerevisiae.

Table 11, Change of pH during sterilization of bdbuffer
gsolutlons,

Original pH pH after gterilization
5.04 3.14
4,00 4,09
5,01 5.01
6,00 5.90
7.00 6.69
8,00 7.86

The effect of British antilewisite, hereafter referred
to as BAL, upon 8. cerevisise was studled from the viewpoint
of its action against a different type of organometallio
compound than the organolead detergent used heretofore. How-
ever, the actlon of BAL was tested on 8. cerevisiae when the
organolead compound was also present. There appeared .to be
no beneflclal effect to the growth of the 3. cerevisiae as
there was no enhanced growth nor signs of any depressed

5

growth when BAL was present in concentrations of 10~ " mole or
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10'7 mole per ml., of medium.

A study of the effect of organometalllic compounds on the
uptake of oxygen by aeroblc microorganisms were made, using
the Warburg apparatus. All determinations were made at 30°
C. and involved a measurement of the uptake of oxygen in an
atmosphere of air. All compounds to be added to the medium
were placed in the sidearms of the small Warburg flasks as
desoribed by Umbrelt et gl. (139) and were added by removing
a manometer and its attached flask as a unit, tipping the
flask sufficlently to cause the contents to splll into the
medlium, and replacing the manometer and flask.

Readlngs were taken every 30 minutes generally, by halt-
ing the shaking bar, adjusting the right arm of the uwanometer
to the original reading, then reading the left manometer arm.
A thermobarometer flask contalning water only was shaken along
with all other flasks. Its purpose was to cancel any changes
in the manometer readings due to temperature changes in the
room or to barometric pressure differences; hence 1ts name,
thermobarometer,

The effect of triphenyl-Y -(diethylmethylammonium)-propy-
lead methosulfate on the respiration of 3. cerevisiase 1is
shown by the plot in Figure 5 in which the microliters of
oxygen are plotted vs. the tlme expressed in hours. The ver-
tical line indicates additlon of the organolead compound
occurred 3 hours after the first readings were taken,

The uptake of oxygen by S. cerevislae cells treated with



Figure H. The respiration of Spocharomyoces cerevisiae
in the presence of triphenyle vy -(dlethyl-
methylamoonium)-propyllesd methosulfale.
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2 x 10-5, 1x10°° and 1 x 10”7 mole of organolead compound
per ml, of mediﬁm appeared to have been halted rather abruptly
after an initial sudden increase in the rate of oxygen up-
take. The addition of the more dilute concentrations ap-
peared to have no effect upon the cell respiration, as the
uptake of oxygen paralleled that of the control to which no
compounds were added.

The behavior exhiblted by the respiration of the yeast
cells can he correlated with the results of the utilization
of glucose by this organism. The data in Table 6 shows the
concentration of the organolead compound (see page 94) in
terms of mole of compound per ml., of medium; these results
should be compared with the plots in Figure 5. It wlll be
seen that those concentrstions which inhibit the respiration
are the same as those which inhibit glucose metabollism except
for the use of 10—7 mole of compound per ml, of medium. The
inhiblition of the respiration in this case 1s apparently over-
come, as the organlism can utillize all of the glucose in a test
medium. It might be expected that 3. cerevisiae would demon-
strate an uptake of oxygen due to endogenous metabolic
activity even if the diffdsion of glucose 1nto the cell were
suddenly inhlibited, but no oxygen appears to be taken up.

This may polint to an inhibition of the respliratory enzymes by
the organolead compound, in addition to an action whereby the
metabollc enzymes are also prevented from acting upon the

glucose molecules.



e % tmirasme - me e ———— ——— = — o Y——— >+ —

111

e. 4,4,4-Triphenyl-n-butyldliethylmethylammonium metho-

gulfate., In order to ascertain the effect of the lead atom
of triphenyl-Y -(dlethylmethylammonium)-propyllead methosul-
fate upon microorganisms, the same compound had to be
synthesized in which a carbon atom replaced the lead atom.
The syntheslis and characterization of this compound has been
described previously and will not be repeated here. The con-
pound will be referred to as "444T" in future references to
1ts activity.

An evaluation of 444T based upon 1lts activity 1n prevent-

\ing the metabollsm or uptake of glucose shows that 1t approached
the toxlclty of 1ts organolesd analog, although it is not in-
hibitory in certaln concentration ranges as is the latter
compound. The data shown below in Table 12 concerning 4447
should be compared with those of Table 6; it will be seen to
corroborate the activity ascribed above to this compound.

An lInteresting contrast of this data above to that found
for the organolead analog of 4447 is found in the toxicity
ghown by the latter compound in the concentration range of
10~° mole per ml, of medium. The organolead compound is toxic

at such a concentration whereas thé 4447 does not completely
inhibit growth. BSuch differences as these may possibly be

ageribed in pért to a dual nature of the organolead detergent
arlsing from its actlon as a detergent as well as lts effect

as a toxlc compound of a heavy metal, lead.

The phenomenon of clumping of the yeast cells first
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noticed with the organolead detergent was also seen here;
solutions of 444T when added in concentrations of 10"4 mole
of the compound per ml. of solution, caused coagulation of

the yeast cells. These clumps were examined microscopically

Table 12, The effect of 444T upon the utilization of gluocose
by Ssaccharomyces oerevisiag.

Mole of 444T per Per cent glucose
ml, of medium utilized
None 98,0
10°° 0.0
1078 11.1
10”7 96,0
10~° 95,2
10~ 10  ol.g
101t 92.9

and were found to consist of nothing other than large masses
of cells,

The respiration of 8. cerevisige was shown %o be inhib-
1ted by the organolead analog of 444T. Figure 6 shows the
effect of 444T on the resplration of g§. gerevigiase when
various concentrations were used identical to those employed

with thls same organism and the lead analog. A similarity
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in the respiratory inhibition 1s seen here, as there is a
preliminary, sharply lncreased rate of oxygen uptake, fol-
lowed by an inhibitlon of the respiration of the yeaast
cells. A very apparent change 1n the respiration occurred
with the addition of 1 x 10—7 mole of organolead compound
per ml. of medium (see Figure 5) to 8. cerevisiae but when
4447 was added in the same concentratlion, the respiratory
curve followed that of the control and also the more dilute
concentrations, showing no inhibltion whatsoever. This be-
havior 1s 1in agreement with the glucose utlilization data
which show no toxicity for the corresponding concentration
of 444T,

An attempt was made to correlate the effect of 444T on
the growth of 8. cerevisiae wlth the length of the period of
contact. Ten ml. samples of glucose-yeast extract media were
inoculated with one ml. each of a 24 hour culture of S.
cerevislae and incubated for 3 hours. Then inocula of 0.2
ml. from each tube were transferred to tubes of glucose and
yeast extract in 1.5 per cent liquid agar medium at different
periods followlng the prior introduction of 10"4 mole of 444T
to each 3 hour old culture of yeast cells. The inoculated
agar medla were transferred aseptlcally to sterile Petri
dishes and incubated for 3 days at 30° 6. No growth occurred
in any of the samples from an exposure time of 10 minutes to
120 minutes. From the observations with the organolead ana-

log, this compound is apparently too toxic to allow viable



Figure 6. The resplration of 3accharomyces cerevislue
Ain the presence of 4,4,4-triphenyl-n-butyli-
dilethyloethylemmonium methoguliste.
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cells to remain as such for any extended period greater than

30 to 45 minutes,

f. n-Propyldlethylmethylammonium methosulfate. The pre-~

ceding two compounds discussed in this theslis were identlcal
in thelr structure except where a triphenylmethyl group re-
placed a triphenylplumbyl group. A compound which embodied
only the alkyl chain bonded to this lead (or carbon) atom
and the same quaternary methosulfate part of these molecules

was gynthesized. Thelr relatlionships are shown by the struc-

tures belgy.

—+
CI:Hch3
KD};«——CHZGHEGHQ—-T*GHS CH50805 ™~
CH20H3
S pu—
M=Pbor C
— —+
CHECH5
CH50H26H2—-N—--—CH5 CHz080;
CH20H5
n-propyldlethylmethylammonium
methosulfate

A test of this compound for its effeot on the growth of
microorganisms involved a 10 minute exposure to the air of
10 ml. of glucose-yeast extract medla in each of two Petrl

dishes. One dish also contained 10™% mole of the alkyl
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quaternary methosulfate. Observation of the plates after two
days revealed the growth of a scummy pellicle over the entire
surface of the untreated medium, and one mold colony 9 mm,

in dlameter on the tresated medium. A day later, the treated
medium had three mold colonles; the untreated medium had one,
in addition to the scum. Thils observation demonstrates a de-
creased toxicity of this compound towards molds in contrast
to the compounds having the triphenyl groups present. The
latter inhibited all microorganisms &t the same concentratlon
(10"4 mole addition). However, the presence of this compound
did prevent the growth of the scummy pellicle material, so
gome resistance to certain types of microorganlisms seems to
be assoclated with thls molecule.

This observation was borne out by an experiment in which
the glucose utilization of 3. cerevisiase was studied. Inocu-
lation of sterile media with 0.1 ml. of an active, 24 hour
culture of this microorganism, followed by addition of de-
creasing quantities of the compound belng tested gave results
as shown here in Table 13,

Tncubation for 24 hours at 30° C. produced no glucose
utilization; an unexpected behavior for this compound. No
reports of any tests of the toxliclty of tertlary amines or
quaternary alkyl ammonium compounds could be found in the
literature, so no basls for comparison is available. It is
of interest, however, that if the part of the organolead

detergent molecule (see page 116, M = pb)
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Teble 13. Glucose utlllizetion of Saccharomyces cerevlslae
in the presence of n-propyldiethylmethylammonium
methogulfate.

Mole of compound per Per cent glucose

ml. of medium utilized
None 100,0
10~° 3.0%
1076 100.0
10™7 100.0
10~8 100.0
a

Reinochlation of this sample with a one ml. inoculum of

a 24 hour culture of g. cerevisiame resulted ln the for-
mation of clumps of cells noted previously with the
organolead detergent and with 444T,

represent

ed by this alkyl quaternary ammonium compound can

act in an inhibitory manner at thls concentratlon, then there

may be at least three types of inhlbitory activity assocliated

with the
1.

2,

organolead detergent:

The physical effect exerted by the molecule
acting as a surface tenslon reductant.

The toxic effect of the heavy metal atom,
lead, present in the molecule.

The physicsl-chemical inhibitory activity
lmparted to the molecule by:

(a) The alkyl groups about the nitrogen atom.
(b) The nature of the methosulfate anion. Dimethyl
sulfate is very toxlec to humans.
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Thus 1t appears that a multiplicity of factors may be
involved individually or collectively in the inhibition pro-
duced by this compound, triphenyl-Y -(diethylmethylammonium)-
propyllead methosulfate on the growth of microorganisms.

Other compounds of a slmllar nature may demonstrate like

propertles,.

ge Diphenylmercury. Toxlc effects of detergents might

posslbly arise chiefly from the presence of a quaternary
ammonium structure of a molecule and the often consequent
water solubllity. However, the structure of diphenylmercury
possesses nelther of these properties; 1t is water insoluble,
contsins a heavy metal, mercury, which is bound to two aro-
matic hydrocarbon radlcals by essentlglly covalent bonds
(61), and might be sald to resemble a hydrocarbon in which
the mercury atom replaces the methylene group in diphenyl-
methane.

The toxiclty of organic compounds of mercury is well
known, and many mercury compounds have been evalusted for
thelr inhibitlon of mioroorganisms. The use of such com-
pounds has nearly always entalled that type of organomercury
compound where an inorganic anion is bonded to the organomer-—
curlc catlon. Diphenylmercury is not such a compound.

The diphenylmercury was dissolved in ethyl lsctate and
either 0.1 ml..or 0.2 ml. of a diphenylmercury solution was

used at any one time. The actlon of this organometallic
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compound against Saccharomyces cerevisiae was evaluated 1in

terms of glucose utilization by the organism, as shown in
Table 14.

The results tabulated above show that the toxlic effects
of this compound are manifested at very low concentrations
and point to a strongly inhibitory activity of the diphenyl-
mercury against S. cerevisiae.

The use of ethyl lactate as 2 solvent was not wholly
satlsfactory a8 the solvent appeared to act in a toxic manner
when 1t was used in certaln concentrations approaching 0.2
ml. of lactate per 10 ml. of medium. An inhibition of growth
appeared when s concentration of 3 x 10_9 mole of diphenyl-
mercury in 0.2 ml. of ethyl lactate was used, whereas concen-
trations of 4 x 10”7 mole of the same compound in 0.1 ml. of
solvent gave a 26.3 per cent value for utllization of glucose.
Masul (96) has shown that D,L-ethyl lactate was hydrolyzed
by an enzyme of the pancreas, liver, spleen and kidney of
rabbits, and by an enzyme found in fat-free pumpkln seeds; no
asymmetrlc products were found, however. The D,L-ester was
hydrolyzed into optically-active products by enzymes of the
liver and pancreas of swine, and by enzymes from fat-free
castor beans. The D-ethyl lactate appeared to be the more
readily hydrolyzed, giving a greater amount of D-lactlc acld
in the medilum. The possibility that the ethyl lactate may be
hydrolyzed by an enzymatic attack to give a toxlc or inhibi-

tory smount of free D- or L-lactic acld 1s thus to be
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Table 14. The effect of diphenylmercury on the utilization
of glucose by Saccharomyces cereviglae.

Mole of compound per Per cent glucose
ml. of medium utilized

0.1 ml. ethyl

lactate 100,0
1 x 10™10 97.4
2 x 10™10 95.8
4 x 10-10 26.3; (74.7)2
6 x 10710 2.5
8 x 10710 2,2
1 x 1072 2.2
2 x 1072 0.0
2 x 1078 0.0
1 x 1077 0.0
2 x 10-7 3,27
2 x 10°8 7.1° (24.9)°

8ged 0.1 ml. of broth inoculum instead of a small loopful
of broth.
bUnexplained values indicating an unaccounted growth at

these concentrations were obtained in preliminary trlasls
of this compound.
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considered. Free acld thus produced would then cleave dl-
phenylmercury to give other inhibitory organomefcury deriva-
tives. Such & course of events might be pertially responsi-
ble for any deleterious effect of ethyl lactute upon the
growth of S. cerevislae. The higher value obtained for glu-
cose utilized when a larger inoculum was used mey possibly
polnt to a decreased toxicity of diphenylmercury in the
presence of an increased number of cellu, indicating that =a
decreased ratio of the number of molecules to the number of
yeast cells will greatly affect the resultant inhibition.

A knowledge of the limits of toxicity for diphenylmer-
cury with 3. cerevislae should be correlated with its action
against the respliratory system of the yeast cells. Cook et
al. (30) showed that phenylmercuric nitrate in concentrations
of 1.7 x 10”° molar to 5.0 x 10~° molar solutions displayed
a depression of cytochrome in the oxldation of ascorblc acld
when cytochrome oxldase was present also. The degree of in-
hibition 1ncreasgd with en increase in the concentratlon of
phenylmercuric nitrate. Complete inhibition (no oxygen
uptake) resulted with succinoxidase. An active inhibltlon
of succinic and of lactic dehydrogenases occurred while
only a depression of activity for glucose dehydrogenase was
found. Catalase activity underwent a 36 per cent decrease
in activity with & 4.5 x lO"5 molar concentration. If the
mode of activity of diphenylmercury is similar to that of
phenylmercuric nitrate, it might be expected to be demon-~
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strated by a depression of the respiration of 8. cerevisiae.
Such an effect was demonstrated using different concentra-
tions of diphenylmercury solutions. A determlnatlion employ-
ing the Warburg apparatus was performed. The concentrations
of diphenylmercury used and a plot of the oxygen uptake vs.
time (in hours) are given in Figure 7.

It 1s noted here that one concentration of diphenylmer-
cury which has been shown to be inhibitory to glucose
metabollsm has not inhibited the resplratlon of 5. cerevislae
cells; 1l.e. the addition of 10-7 mole of the organomercury
compound which gave 2 x J.O"9 mole of compound per ml, of
medium, At this concentration, the metabollism of glucose was
inhibited 100 per cent, although the respiration of the cells
suffered no such fate. Thus 1%t appears that the compound 1is
more gotlve against the metabolic enzymes than those con-

cerned directly with respiration. The 10~° mole of added

mercury compound (2 x 10"6

mole of compound per ml, of medium)
appears to have czused a complete cessation of oxygen and glu-
cose uptake. The behavior of the "control" culture will be
dlscussed later with regard to the apparent decrease of
oxygen uptake. Such behavior in other Warburg determinations
has been noticed also, and will be dealt with later.

Perkins (109) has recently studled the effect of amino
acld structure on the stabllitles of complexes formed by

Group II metals, and has sald that mercury appears to chelate

specifically with sulfhydryl (-SH) groups. Albert (1)



FMigure 7. The respiration of Saoscharomyces cerevisiae

Dt s ]

An the presence of dAphenylmiexrocury.
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undertook a similar study and demonstrated a reaction of cop-
per with ethylenedliamine type of structures. Perkins stated
that mercury might also be expected to react in this manner.

Commenting on the reaction of sulfhydryl groups, Barron
and Kalnitsky (13) stated that inorganic mercury is not be-
lieved by Haarmann to be specific for sulfhydryl groups
although i1t is said by him to comblne with peptide groups in
proteins primarily snd with the nitrogen of imidazole groups,
secondarily.

With these studles in mind, 1t was declded to observe
any possible interaction between a diphenylmercury solution
and a solution of an amlno acid hydrochlorlide. A suspension
of about 10 mg. of lysine monchydrochloride in 2 ml. of ethyl
lactate was prepared, and up to 14 drops of distilled water
added with shaking untll all the hydrochloride was in solu-
tion. There was then added 0.6 ml. of an ethyl lactate
solution of diphenylmeroury which contained 10'4 mole of the
organomercury compound per ml. Crystalline material began to
preclplitate from the homogeneous solution approximately 1.5
minutes later, contlnulng to do so until sufficient materlal
was avallable to fill the bottom portion of the small six
inch test tube.

A blank test was made in which no lysine monohydrochlo-
ride was present. FExcess water was added to see if the
preclpltate was only diphenylmercury coming out of solution;

no precipitation occurred, however. An excess of ethyl
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lactate was then sdded to the tube with the original precipi-
tate to see 1f lysline monohydrochlorlide would be forced out
of solution; no additlonal precipitation occurred. The addi-
tlon of water in this case, however, unlike that above,
caused immedlate precipitation to occur, showing that this
material was neither lysine monohydrochloride (very soluble
in water) nor diphenylmercury.

It was desired to perform the same experiment using
vallne hydrochloride instead of iysine monohydrochloride as
the former compound has an amine hydrochloride only, while
the latter has both an amine hydrochloride and a free amino
group. The positive charge of the amine hydrochloride might
possess a degree of attraction for the mercury in diphenyl-
mercury, as Hampson (6l) has indicated that the negative part
of the dlpole between mercury and the ring carbon of an ad-
Joining phenyl ring lies toward the mercury atom.

As in the gase with lysine monohydrochloride, the same
results were found to occur when vallne hydrochloride was
used. Thils hydrochlorlde was prepared from valine by prepar-
ing a thin paste of valine with concentrated hydrochlorloc
acld, adding sufficient dlstilled water to cause solution,
and evaporating the solutlon to dryness in vacuo, using a
vacuum deslccator containing pellets of sodium hydroxide in
two open Petrl dishes. Dry crystalline vsline hydrochloride
was obtained in 2 hours, and this was used in the same manner

as was lysine monohydrochloride.
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The free amino acld (valine) was also tested as were the
hydrochlorides but no precipitate was produced. It was
thought that either the presence of the hydrogen chloride in
the amine hydrochloride or the positively-charged nitrogen
was responslible for this phenomenon. Therefore, an amount of
hydrochloric acid, equivalent in its concentration of hydro-
gen chloride to the hydrogen chloride present in valine‘
hydrochloride, was tested wlth diphenylmercury. Again a pre-
clplitation occurred, even though the quantity of hydrochloric
acld was only 1 drop (ca. 0.05 ml.) of a 1.3 molar solution,
~or 0.065 milliequivalent of acid, although the amount of
diphenylmercury was even less. The addition of hydrochloric
acld to the solution of free valine used sbove also caused
precipitate formation when diphenylmercury was added.

All of these preclpitates were found to melt at 250-251°
C. An authentlc sample of phenylmercurilc chloride was then
prepared by treating an alcohollc solution of diphenylmercury
wlth dilute aqueous hydrochloric acid. There were obtained
white crystals of the product, M.P. 251-251.5o C. A mixed
melting point of the phenylmercuric chloride and the precipi-
tated material described above melted at 250-250.5° C.,
showing that in all these cases, the presence of an amino acid
hydrochloride wlll readily cleave diphenylmercury to form
phenylmercuric chloride.

Because of the possibllity of diphenylmercury cleavage
to produce phenylmercuric chloride, it was thought that the
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latter compound might readily react with essential sulfhydryl
groups of enzymes as reported with phenylmercuric nitrate
previously. Therefore, the addition of BAL {(British antile-
wislte) should perhaps reduce or possibly eliminate the toxilec
effect of diphenylmercury on 3. cerevigiae.

A prelimlnary check of this theory on the growth of §.
cerevislse was made when O.,1 ml. of a solutlon of BAL contain~
ing 10~% mole per ml, of 35 per cent ethanol was added to 10
ml. of glucose-yeast extract containing 0.2 ml., (2 x 10~5
mole) of diphenylmercury in ethyl lactate. After 17 hours,

a control culture had used only 60.7 per cent of the glucose,
but the BAL test culture showed only 4.5 per cent utilization.

In Table 15 are shown the results of the growth of S,
cereviglae with diphenylmercury when BAL is present and ab-
gsent. The BAL added to the sterlle sample allowed for the
effect of the compound upon the reducing sugar analyses.

It will be recalled that the addition of 4 x 107 O mole
of diphenylmeroury gave a value of 26.3 per cent and also a
higher value of 74.7 per cent when the larger inoculum was
used. In this experiment, however, a value of 96,1 per cent
was obtalned; apparently this concentration 1is responsible
for a varlable degree of inhibition because of a marginal
tokicity at such a value (4 x 10"lO mole per ml., of medium),
The ugse of 1lx 10"9 mole of diphenylmercury per ml. of medium

led to a 5 per cent glucose utilization; addition of 107"

mole of BAL per ml. of medium gave 7.1l per cent, while 107
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mole of BAL per ml. of medlum gave a 10.3 per cent uptake of
glucose. This indicates to a small degree some possible in-
teraction of the BAL in egiding to overcome the toxiclty of
the diphenylmercury.

Table 15. @Glucose utilized by Saccharomyces cerevisiae when
BAL 1s present with diphenylmercury.

Mole of compounds per Per cent glucose
ml, of medium utilized

Diphenylmercury BAL

None 10-7 0.0
None 10~7 99.0
4 x 10710 None 96.1
4 x 10710 10-"7 100,0
4 x 10710 1077 98.6
1 x 1079 10-8 10.3
1 x 107° 10”7 7.1
1 x 1072 None 5.0

The speed with which the cell viability of 3. gerevisiae
was destroyed wlth diphenylmercury was tested 1in the same
manner a8 that used for the organolead detergent (see page
100). TEach tube of an active, 14 hour old culture of 8.
cerevislae was inoculated with 0.1 ml. of a solution of 10™°

mole per ml., of diphenylmercury in ethyl lactate. The tubes
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were shaeken and 0,1 ml, alliquots transferred to fresh medium
after a period of 5 to 60 minutes. The fresh media were

then incubated at 30° C. for one week. No growth was found
in any of the new medlia, indicating that even with a ©6 minute
exposure, the diphenylmercury destroyed the viabllity of the

cells,

h. Mercuric chloride. A comparison of the action of

mercurlc chloride on cells of 9. cerevisiae was desired,
using concentratlons which were known to be toxic when em-
ploying diphenylmercury against this microorganism. Accord-
ingly, the addltion to 10 ml, of medium of the amounts of
mercurlc chloride required for inhibition were determined as
set forth in Table 16.

The value for the 1 x 10-10 mole concentration appears
to be out of line with the others, and inasmuch as more con-
centrated solutions were not inhibitory to essentially com-
plete growth, it is believed that this value should probably
be 100 per cent also. It 1s seen by comparing these results
with those of diphenylmercury in Table 14 that the organomer-
cury compound ls more toxlec to 8. cerevisiae than 1ls merouric
chloride, as =z concentretion of 6 x 1070 mole of diphenyl-
mercury per ml. of medlum is inhlbitory to growth whereas a

concentration of 1 x 10"8 mole of mercuric chloride per ml,

of medium is not toxiec.
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1. Sodium benzoate. A preliminary check of the toxlclty

of sodlum benzoate agalnst g, cerevislae was made using the
same concentrations as those of other compounds found to be

toxic against this organlsm., Handler and Bernhelm (62)

Table 16, Glucose utilization by Saoccharomyces cerevisiae
in the presence of mercuric chloride.

Mole of compound per Per cent glucose
ml., of medlium utilized
None 100.0
1 x 1070 0,0
1 x 1077 0.0
1 x 1078  99.0
2 x 10°9 100,0
1 x 10710 90.0
2 x 10711 ' 100.0

found that benzolc acld inhibits the D-amino acid oxidase of
D (+)-methionine, so it was felt thet some knowledge of the
action of sodium benzoate on 8. cerevisiae might be of use

to this problem. However, concentrations of 10~ mole of
benzoate per ml. of medium and of 10-7 mole per ml. of medium

showed essentlially no inhibition of growth,

Je Triphenyl-p-tolyllead. Dioxane, the most sultable
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solvent found for this compound, was so compatible to the nor-
mal growth of S. cerevislse that i1t was used safely in
concentrations up to four per cent of the total volume of the
medlum., A study of the actlon of this compound on 8. cere-
visgslae was made following preliminary trials which indlcated

it to be toxlc to the organism. Inocula were O.1l ml. of an
actively-growing culture of S, cerevisiae, and the incubation
was ocontinued for 24 hours at 30° C. The results are tabulated
in Table 17. The BAL was added to give 10™7 mole per ml., of
medium,

The use of higher concentrations of BAL in the prelimi-
nary trials appeared to be inhibitory, but the addition of
lo"6 mole of BAL alded the yeast cells to overcome the toxi-
clty of the triphenyl-p-tolyllead when the latter was present
in ¢ x 10™7 mole per ml, of medium, This lesd compound 1is
not as toxlec to 3. gerevisiae as was the diphenylmercury, and
its mode‘of action 1s not known. A test was conducted
identlical with that used for diphenylmercury in which triphenyl-
p-tolyllead was added to an amino acid hydrochloride. No
precipltated material was found after standing for 2 to &
deys. However, 1t 1s an unsymmetrical organolead compound,
and as such, 1t 1s more readily cleaved than is a symmetrical
organolead compound such as tetraphenyllead. No sultable sol-
vent for tetraphenyllead could be found so 1t was not possible
to test this compound.

The mediation of BAL points to a relatlonshlp of the
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Table 17. Utilizatlon of glucose by Saccharomyces cerevisiae

in the presence of triphenyl-p-tolyllead and BAL.

Mole of compounds per ml. of medium Per cent glucose
Lead cpd. BAL utilized
-7
None 10 0.0
None 10'7 99,0
1 x 10°° None 19.6
4 x 1077 None 17.6
4 x 1077 10~ 80,8
1 x 107 None 89.4 (8.5)%
1 x 10~7 10-"7 96.6 (4.9)%sP
1 x 1078 None 96.1
-8 -7
1 x 10 10 98.6
1 x 107° None 100.0
1 x 10-10 None 99.2

aPreliminary trial value; used one loopful of inoculum.

Ppreliminary trisl value; 10° mole of BAL per ml. of

medium,
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aotivity of triphenyl-p-tolyllead against sulfhydryl groups
of essentlal enzyme systems in 8. cerevisiae.

The respiration of 8. cerevislae in the presence of
triphenyl-p-tolyllead was also studled for comparison with
the compounds previously examined. No definite inhibition of
resplration could be seen except for a slight decrease in the
rate due, probably, to the large amount of BAL in the control
sample. All cells experienced a sharp and sudden increase in
thelr resplratory rates, including the control to which only
dloxane was edded. This was therefore attributed to the
action of the dloxane on the yeast cells; i.e., 1t acted as a
stimulant to thelr respiration. Glucose analyses were made
on the media in the flasks following the termlnation of this
experiment., The results, shown below in Table 18, show that
the concentration of BAL used proved to be very inhibltory,
causing complete inhibition of glucose metabolism. The in-
hibited metabolism of glucose in the two cases for flask 12
"and 15 did not decrease the resplration to any extent, so the
triphenyl-p-tolyllead did not inhibit the resplratory enzymes.

The Warburg plots are shown in Flgure 8.

ke A study of the endogenous respiration of 8. cerevis-

iae. In some of the experiments in which the respiration of
microorganlisms was studied, the rates of oxygen upteke, which
were measured manometrically in terms of the internal pres-

sure change due to an lincrease or a deorease in the volume



Figure 8. The respiration of Saccharomyces cerevisiae
in the presence of triphenyl-p-tolyllead
and BAL,
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of the flask and manometer system, showed abnormsl behavior.
Sudden pressure changes were observed in a negatlve directlon
which could only arise from a sudden increase of the gaseous

phase in the flaske. It was thought that this behavior

Table 18. The utilizatlon of glucose by Saccharomyces cere-
vislae in the presence of triphenyl-p-tolyllead
and BAL following a study of the respiration of
this mioroorganism.

Mole of compounds per

Warburg ml, of medlum Per cent glucose
flask No. Lead cod. BAL utilized
24 None® 2 x 10~° 0.0

a
12 2 x 10"8 None 10.7
a
15 8 x 1072 None 11.1
-10%
16 2 x 10 None 100.0
17 o x 10”30 2 x 1070 0.0
19 None® None 100.0

8pdded 0.1 ml. dioxane to each original flask of medium.
Prdded 0.2 ml. dioxane to the medium.

resulted from the rapild production of carbon diloxide in the
flask. Each flask contained a center well in which 0.2 ml.
of a 10 per cent potassium hydroxide solution was placed for
the removal of carbon dloxide produced by the cells, and

this was felt to be sufflclent for the calculated amount of
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carbon dloxide evolved durling the time required for an ex-
periment,

An experiment was therefore carried out using two
flasks contalnling a suspenslon of S. cerevisiase cells, har-
vested from a 23 hour old culture, in distilled water, A
0.1 ml. lnoculum was transferred aseptlically to the sterlle
water. The cells were not washed as previous anslyses had
shown that no more sugar was present in the inocula used.
Two othéer flasks were prepared which contalned a suspension
of 3. cerevislae cells in b ml. of a 0.25 per cent solution
of Difco yeast extract, while two more flasks had a 0,1 ml.
inoculum of cells added to 5 ml. of glucose (2 per cent) and
yeast extract (0.26 per cent) medlum in each flask. The media
having no glucose would not be able to supply an energy
gource for the cells, so the latter would respire only be-
cause of metabolic activity orlginating and sustalned within
themselves.

The plot of the oxygen uptake in Figure 9 shows a normal
pattefn with the exception of flask 19, which suddenly reg-
istered a decrease in rate of oxygen uptake. Its duplliocate,
flask 17, showed no such activity during the experiment (6
hours duratlon) but ultimately reversed its directlon also.
All the remailning flasks continued to exhibit oxygen uptake
due to endogenous metsbollism and then stopped. Only the
flasks containing the usual glucose-yeast extract media re-

versed the direction of the curve for utllization of oxygen.



FPigure 9. The respiration of Sasccharomyces cersvisiae
in water, 1in aqueous yegst extrzot, and in
gluoose and yeast extract media.
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It is concluded that the extraordinarily vigorous pro-
duotion of carbon dloxide encountered with some cultures when
glucose was avallable for continued growth was of such mag-

nitude that the potassium hydroxide present was insufficlent
for its intended purpose.

3. Agetobacter suboxydans

This microorganism was grown on a medium of 10 per cent
sorbitol and 0.5 per cent Difco yeast extract; evidences of
growth were by the detection of sorbose by paper chromato-
graphlec procedures described previously, or by quantitative
determinatlon of the sorbose produced. In thege analyses,
the flask which showed the highest number of mg. of sorbose
produced was rated arbitrarily as representing 100 per cent
sorbitol utlilization. All other flasks were then rated on a
relative basis to the 100 per cent sémple.

Preliminary tests for production of sorbose from sorbitol
were made using several different compounds and solvents, so
the results will be given in one table. The presence of
growth was detected by observing a black spot on the chromat-
ogram which indicated the presence of sorbose in the medium,
A small loopful of the medium was placed at the bottom of the
paper along with controls of sorbltol and sorbose.

The chromatograms were made by using 3:4:6 solvent con-

teining n-butyl alcohol, pyridine and water as explalned
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previously in the sectlon entltled "Methods". A ten hour ex-
posure to the solvent mixture was sufficient for resolution
of the sorbltol and sorbose. It was by this means that the
presence of sorbose was ascertained.

An inoculum of 0.1 ml. per flask was used for the first
determination of the effect of organometalllic compounds and
solvents upon the growth of A. suboxydans. The inoocula were
taken from a 24 hour old culture; in the second determination,
0.1 ml, inocula from a 48 hour old culture were employed.

The cultures were all grown at 30° Ce

Following a 48 hour period of incubation, chromatograms
were prepared from the culture medla by previously described
methods; these are shown in Figures 10 and 1ll. The changes
of behavlior of the cultures in a period of 24 hours vs. 48
hours are to be seen in Table 19 in those 1instances in which
growth did not occur in the shorter period of time, hut did
occur after 48 hours had elapsed.

Of interest is the behavior of dloxane and ethyl lactate
which were present only as 1 per cent solutions, but which
apparently were responsible in part, perhaps, for sll of the
negative reports of growth in those instances where either of
them was used as a solvent. Such cases are represented by
those compounds listed in Table 19 other than the water-
soluble organolead detergent and 444T.

A comparison between the column in Table 19 indicating
the utilization of sorbitol and the spots in Figures 10 and 11
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Table 19. The growth of Acetobacter suboxydans in the pres-
ence of organometalllic and quaternary ammonlum
compounds.

a Mole of com- Sorbose pres- Sorbose pres- Per cent

Compound™ pound per ml. ent after 24 ent after 48 sorbltol

added of medium hrs. hrs. utilized
in 48 hrsa.

1. None None + + 88.3
2. Pb.Opd.c 10-5 - - 0.0
30 Pb.cpdo 10-6 - - O.o
4, Pb,cpd. 10-7 +(8l.) + 70.5
5. Pb.cpd. 1079 +(sl.) + 86.1
6. Pb.copd, 10-11 +(s1.) + 89.0
7. Diphen-

Ylmer- -6

oury 10 - - 0.0
8. Dlphen—

ylmer- -8

oury 10 - +{81.2) 2.6
9., Ethyl

lactate 1% conon. - + 44,6

10. Dioxane 1% concn. - + 93,9

11. Pb.cpad 4 x 1077 - +(81.2) 3.7

12. Pb.opds 1 x 1077 - +(s1.7) 8.4

13. Pb.cpd. 10~2 - + 96,0

14, 4447° 1079 - - 040

15, 444T 107 +(s1.) + 100,0

16, 4447 107° +(81.) + 89.0

8311 flasks contalned sterile medium of 10 .per

and 0.5 per cent Difco yeast extract. Volume per flask:

A0 . ml.

ety

cent sorbitol

ooy






Mole of com- Sorbose pres- Sorbose pres- Per cent
Compound® pound per ml. ent after 24 ent after 48 sorbitol

added of medlum hra. hrs, utilized
in 48 hra.

1. None None + + 88.3
2. Pb,epd.C 10~ - - 0.0
3. Pb.cpd. 1075 - - 0.0
4. Pb.cpd. 10=7 +(sl.) + 70.5
5. Pb.cpd. 10~° +(s1.) + 86.1

| 6. Pb,opd. 10-11 +(s1.) + 89.0

| 7. Diphen-

| ylmer- -6 :

5 oury 10 - - 0.0

i 8. Diphen—

g yimer- -8

l oury 10 - +(gl.?) 2.5

|

| 9. Tthyl

: lactate 1% concn. - + 44,6

| 10. Dioxane 1% concn. - 4 93.9

| 3

| 11. Pb.epdd 4 x 1077 - +(81.?) 3.7
12. Pb.opd. 1 x 1077 - +(s1.7) 6.4
13. Pb.cpd. 1072 - + 96.0
14. 4447®  107° - - 040
15. 4447 1077 +(sl.) + 100.0
16. 4447 107° +(8l.) + 89,0

8411 flasks contained sterile medium of 10 .per cent sorbitol
and 0.5 per cent Difco yeast extract. Volume per flask:
10 ml... S ; e .

'bThe andlyaes for gorbose were those described for glucose
as given by Underkofler et al. (140). Used 20 minute
heating time.

c‘l‘riphenyl-Y-(diethylmethylammonium)-pr0pyllead methosul-
fate. _

d‘I‘riphenyl-p-tolyllead.

®4,4,4=triphenyl=-n-butyldiethylmethylammonium methosulfate.







Flgure 10,

Chromatographle analysis of the production
of sorbose by Acetobactex suboxydans in the
presence of organomstallic an quatsrnary
ampmoniun compounds. (See Table 19 for
corresponding numbers.)
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Filgure 1l. Chromatogranhic analyslus of the production

of sorbose by Acetobacter guboxydans in
the presence of organometaiiic and quater-

nary smmonium compounds. (See Table 12 for
correspanding numbers.)
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shows an agreement in those cultures where a very slight
trace of sorbose was detected chromatographically as well

as by reducing sugar analyses. These examples may be as-
cribed to an essentially complete inhibition, but not neces-
sarily an overall bactericlidal action.

In a study of the inhibitlon of A. suboxydans by the
compounds given in Table 19, it was noticed that triphenyl-p-
tolyllead di1d not inhibit its growth completely. Instead, a
small per cent of sorbitol was oxidized to sorbose and was
detected by chromatographic and reducing sugar analyses.
Hence a study of the addition of thils organolead compound at
different perlods of elapsed time were made, using identical
cultures, and by adding an equal amount of this organolead
compound. The inoculum was 0.5 ml, of a 48 hour culture of
A. suboxydansg; the 6.2 ml., aliquots were added after the inoc-
ula at the times shown in Table 20.

From the data»of Table 20 1t is apparent that dioxane 1is
inhibltory to the growth of A. suboxydans, so such behavior
of the solvent should be taken into account when the effect
of this organolead compound is evsluated. A study of the data
would lead one to the conclusion that triphenyl-p-tolyllead
may even ald the organism to overcome a part of the inhlibl-
tion of the solvent.

The actlion of BAL in competing with sulfhydryl groups of
essentlial enzyme proteins for mercaptide formation was in-

vestigated, using A. suboxydans and diphenylmercury. It was
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desired to see 1f BAL would decrease the demonstrated toxiclity
of diphenylmercury, thus giving a possible clue to 1lts mode
of action. Data are shown in Table 21.

The results of these analyses show diphenylmercury to be

Table 20. The effeot of the addition of triphenyl-p-tolyllead
to growing cultures of Acetobacter suboxydans.

Addition to medium  Hours elapsed after Per cent sorbltol

at start of inoculation till utilized in hours
experiment addition of organo-
lead cpd.

_7 a,C
8 x 10 mole cpd. 0 (control) 0.0 in 60

-7
8 x 10 mole cpd. 0 16.5 in 60
None 12 99.3 in 60
None None added 76.3 in 24b
None 24 84.8 1n 60
None . 36 100.0 in 60
0.2 ml. dloxane None added 33.6 in 24°
0.2 ml. dloxane None added 49,3 in 60

87hi1s concentration was attained in all media to which the
borganolead compound was added.

Anglysis performed on sample of medium removed prilor to
addition of organometallic compound.

Csterile medium.

very toxic to A. suboxydans, and the use of BAL does not re-
duce this actlon of the compound as might have been expected.

The BAL appeared to exhibit some inhibition of 1ts own, as
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Teble 21. The effect of BAL on the toxlclty of diphenylmer-
cury with Acetobacter suboxydans.

Compound Mole of diphenylmercury Per cent sorbose
added per ml. of medium formed in 72 hours

None None 100.0

Ethyl lactate 1 per cent 94.0 (44.6)°

BAL® None 64.5°

Hg cpd.; BAL 1 x 1078 0.7

Hg cpd. 1 x 10'8 2,3

Hg cpd.; BAL 1 x 1078 1.1

Hg cpd. 1 x 1079 3.8

Hg cpd.; BAL 1 x 1077 1.1

Hg cpd. 8 x 10-10 97.5

Hg opd.; BAL 8 x 10710 93.2

Hg cpd. 6 x 10710 100.0

Hg cpd.; BAL 6 x 10710 94.4

@411 additions 8f BAL were 1 ml. of an aqueocus solutlon
containing 107" mole of BAL per ml,

bIncubation time, 48 hours.

®Incubation time, 32 hours.,
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did also the solvent, ethyl lactate. The control cultures
showed a 100 per cent production of sorbose within 32 hours,
so the partisl values for BAL and ethyl lactate show that
these two compounds cause a delay in the oxidative capaclty
of the microorganism by some kind of inhibition.

Concentrations of less than ZLO"9

mole of diphenylmergury
per ml. of medlum are shown to be non-toxic to A. suboxydans
although they may demonstrate an initial inhibition in the
early stages of growth of the microorganism.

The supposition that the dlphenylmercury 1s cleaved to
give phenylmercuric chloride and thus react with essential
sulfhydryl groups is not upheld by these experimental results.
Nakamoto and Nagaysma (108) have sald that perhaps the mer-
cury compounds (among them, diphenylmercury) which they stud-
led exert thelr toxlic sctivity in the undissoclated state,
and not as an ion. They assumed that the dissoclation prod-
uct, RHgOH, was responsible for the bactericidal action of
mercury compounds. The inhibition of catalase was shown by
organomercury compounds, but as A. suboxydans lacks this enzyme,
no such activity 1s possible here.

A study of the effeot of dlphenylmercury on the oxygen
uptake was attempted; however, the characteristics of the cul-
ture gave erratic growth in one flask, and no growth in the
control. The flasks which contained medlia to which were

-5 - -
added concentrations of 10 , 10 6 and 10 4 mole of diphenyl-

mercury, respectively, showed a rapid and sharp halt in oxygen
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uptake,

From these findings, 1t can be seen that these quanti-
tles of diphenylmercury are able to interact rapldly with
blochemical centers in a manner which halts the uptake of
oxygen almost immedlately. Thils demonstrates a high toxiclty

of this compound against A. suboxydans as well as agalinst S.

cerevisiae,

4, Clostridium acetobutylicum

This organism 1ls an anaerobe and cultures were grown on
a 7 per cent concentration of ground corn. All media were
bolled to cause gelatinization of the corn starch before dis-
tribution to individual flasks and tubes unless the contents
of any one flask were of sufficlent size to warrant its
indlividual treatment. An alternative to boiling was to steam
the larger flasks in the autoclave for 30 minutes, followed

by the usual sterilization at 15 to 17 p.s.l. for 1 to 1.5

hours.

a. Triphenylsilanol and triphenylbenzyllead. Solutions

of triphenylsilanol and of triphenylbenzyllead were prepared,

using Butyl Cellosolve as the solvent, in concentrations of
10-4, 10—5, 10"6 and 10-8 mole of organometallic compound per
ml. of solvent. These were used in the following experiments

with Cl. acetobutylicum, using 300 ml. quantities of 7 per

cent corn mash as the substrates.
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A small sample of a spore culture of Cl. acetobutylicum

was introduced into 20 ml. of sterlile mash, the mash and
gspores were then "heat-shocked" for 2 minutes, cooled, and
incubated at 37° G, Successive transfers were made every 24
hours until the sixth transfer, which was made into flasks
contalning 300 ml. of sterile 7 per cent corn mash. These
were the main fermentation media. The organometallic com-
pounda were added to the medla before sterilization; this led
to a gray color in those flasks containing the highest concen-
tration of the organolead compound and was probably due to
some decomposition.

In Table 22, the flasks were designated by the prefix
"p" 41f the organolead compound was present, by a "C" if they
were controls with no compounds added, and by an "sS% if the
organosilicon compounds was used. The solvents were obtalned
as aqueous solutions in a total volume of 100 ml. of dlstil-
late, following distillation of the mashes. Calclum carbonate
was gdded to prevent the distillatlion of the volatile aclds.

The per cent ylelds were not calculated as it was not
belleved that these results were of any special significance.
There did not appear to be any valid deductions which could
be made from these values other than a negative nature; l.e.
the addition of the organosilicon and the organolead compounds
did not appear to alter or inhibit the fermentations to any
noticeable degree. However, the value for the grams of total

solvents per 100 ml, of distillate assumes a rstio of
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Teble 22, The effect of triphenylsilanol and of triphenyl-
benzyllead on the growth of Clostridium szceto-

butylicum.

Flask  Mole of compound  Specific gravity  Aver. g. solv-
No. added to media of distillate ents per 100
ml. distillate®

c-1 None 0.9948 3033
c-2 None 0.9951
S-4 2 x 10“1 0.9951 3,16
S-4 2 x 10~ 0.9953
3-8 2 x 10'2 0.9935 3,92
3.6 2 x 10” 0.9946
3-8 2 x 10‘2 0.9946 3.43
3-8 2 x 10™ 0.9950
P-4 2 x 1o‘i 0.9950 3,43
P-4 2 x 10~ 0.9946
P-5 2 x 10‘2 0.9952 3.33
P5 2 x 10° 0.9947
P-6 2 x 10"2 0.9950° 3.29
P-6 2 x 10™ 0.9967
P8 2 x 10’2 0.9950 3.29
P-8 2 x 10° 0.9950

80verall average: 3.40 g. per 100 ml., solvent

b801vent lost by leskage of distillation apparatus. Value

for solvents 1s that of one determination only, not an
average.
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60:30:10 for l-butanol, acetone and ethanol, respectively.
This ratlo might have been altered by these compounds which
would indicate a possible interaction with the hydrogenases
responsible for the reduction of some of the aliphatlic acld
Intermediates such as butyric or acetlc acid. If the solvent
ratio was unchanged, it might be due to an insufficient
amount of the organometallic compound being present to exert
any inhibition, or it may indicate that these compounds are

not effective agalnst Cl. acetobutyliocum.

A determination of acetone by Messinger's method as
glven by Goodwin (57) was undertaken on the control and on a
sample of distillate from sample P-4, The control contained
1.22 g. of acetone per 100 ml. of distillate, while the P-4
samples were found to have 1.05 g. of this ketone in 100 ml.
of distillate. There 18 very little difference in these val-
ues, whlch polnts to an essentlally unchanged solvent ratio.
The 1.22 g. of acetone represents 36.6 per cent of 3.33 g. of

total gsolvents, which is about normel for this fermentation.

b. Triphenyl-Y-(diethylmethylammonium)-propyllead

methosulfate. A prelimlnary trial growth of Cl. acetobutyli-

cum in the presence of 444T indlcated that poor growth re-
suited, so the organolead compound conteining the triphenyl-
plumbyl group instead of the triphenylmethyl group was used
in tests with this microorganism.

Long, narrow fermentation tubes were used for growth of
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the cultures, using 15 ml. of a 7 per cent corn mash 1ln each
tube. Inocula of 2 ml, were employed, and a 1 ml., portion
of organolead solution was added to each flask, glving a
total of 18 ml. of mash per tube. After 72 hours at 37° C.,
the tubes were removed. The growth of the organlsm was ob-
gerved and recorded after 24 hours, and 1s shown below in

Table 23.

Table 23. The effect of triphenyl-Y-(diethylmethylammonium)-
* propyllead methosulfate on the growth of Clos-
tridium acetobutylicum.

Mole of compound Growth in Milliequivalents of volatile

gdded 24 hours acld per ml, of medium
0 good 0. 009

1074 sluggish 0.015

1075 sluggish 0,033

1076 falr 0.015

10~ fair 0.018

10~8 good 0,011

The volatlle solvents were removed by steam distilla-
tion, first adding excess powdered calclum carbonate to
prevent the distillation of the volatile aclds. After col-
lecting 50 ml. of distillate, the contents of the distilling
flasks were cooled, then made aclidlic by the addition of
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excess concentrated sulfurilc aclid, and the volatlile acids
distilled. One hundred ml. of distillate was collected for
each determination, and the sample titrated with standard
sodium hydroxide (0.1010 N) to a phenol red endpoint. The
amount of acld present was determined as milllequivalents of
acld per ml. of medium as the size of samples used differed
although their volumes were known.

In & normal fermentatlon of this type, the amount of acid
present in the medium attains a maximum and then decreases
when the reduction of these acids produces alcohols. There-
fore, it may be possible to block the reduction of these
aclds or inhibit the rate of reduction in such a way that a
determination of the aclds present will demonstrate an excess
of them in the medla. The data from Table 23 appear %o show
that in the falr or sluggish fermentations there resulted an
increase in the milliequivalents of acid present. This seems
to be due to a general decrease in the rate of fermentation
because of an 1nhibition imposed by the organolead compound on

Clostridium acetobutyllcum. Pett and Wynne (110) have re-

ported up to 100 per cent inhibition of the phosphatases of

Cl. gcetobutylicum by heavy metal ions of mercury, silver and

lead. The medla in the cases where sluggish growth occurred
did not appear to have lost thelr original viscous character
which results from the presence of the gelatinlzed starch;
hence 1t seems that the breakdown of this starch by the mioro-

organisms has been delayed by the orgenolead detergent.
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¢. Diphenylmercury and triphenyl-p-~tolyllead. The work

initiated on Cl. acetobutylicum with triphenyl-Y -(diethyl-

methylammonium)-propyllead methosulfate was extended to the
use of the organomercury compound, diphenylmercury, and the
organolesd compound, triphenyl-p-tolyllesad.

The procedure for the analyses and the preparation and
inoculation of the mashes were identical to the work on the
organolead detergent. The corn mash was 7 per cent, and was
gelatinlzed by bolling for about one minute. Each tube con-
talned 15 ml., of medium, and was lnoculated with 2 ml. of a

24 hour culture of Cl. acetobutylicum.

Table 24 glves dats showing that here one can different-
late between the diphenylmercury and the triphenyl-p-tolyllead
in thelr effect on Cl. gcetobutylicum.

The organomercury compound produced some increase 1n the

milliequivalents of volatile acid when 1070

mole of diphenyl-
mercury was added to the fermentatlon. The same results were
found with the addition of 4 x 10~ ° mole and 1 x 10° ' mole

of triphenyl-p-tolyllead. These results are plotted 1n
Figure 12.

The glucose analyses demonstrated an inhibition of glu-
cose utilization when diphenylmercury was present in the two
highest concentrations, but no such activity was seen with
triphenyl-p-tolyllead at any concentration. As further

evidence of this, the observed growth after 24 hours was gen-

erally poorer in the fermentatlions to which the



Figure 12. The formatlon of giucose snd production of
aeld by Clostridlum acetobutylicum in the
presence of an organomercury and an Organo-
lead compound.
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diphenylmercury was added. This may be evidence for a dlif-
ferent mode of action on the part of diphenylmercury toward
enzymes concerned with glucose metabolism, such as the

phosphorylases.

Table 24. The formation of glucose and production of acld
by Clostridium acetobutylicum in the presence of
an organomercury and an organolead compound.

Substance Mole of com- Growth in Mg. of glu- Milliequiv-

added pound added 24 hours cose per ml. alents of
to medium of medium acld per ml.
of medium

Ethyl

lactate 0.1 ml. very good 0.00 0.013

Hg opd.? 1 x 1079 slight 0.13 0.020
Hg cpd. 1 x 10°7 fair 0.175 0.016
Hg epd. 1 x 107° good 0.02 0.010
Dioxane 0.1 ml, good 0.045 0.016

Pb cpa.’ 4 x 1075 good 0.025 0.018
Pb opd. 1 x 1077 falir 0.04 0.026
Pb opd. 1 x 107° good 0,02 0.013

8piphenylmeroury
bTrlphenyl—p—tolyllead

5. Lactobacillus casel

This organism was grown on a medium composed of the fol-

lowing materials:
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10 per cent glucose
1 per cent Difco peptonized milk
1l per cent Difco yeast extract
Distlilled water

Each culture flask contained 100 ml. of medium to which
was added 6 grams of sterile calcium carbonate after the
flasks were lnoculated. The inoculum for each flask was 10
ml. of a culture of L. casel which had grown for 24 hours at
30° €. The flasks were incubated at 30° C. with shaking for
84 hours and removed for analyslis of the glucose utillzed,
and for the lactic acld produced. Because no utilization of
glucose would result in no lactic acid being produced, only
those cultures which showed definite glucose metabolism were
analyzed for acld production.

Concentrations of the varlous compounds used were those
previously demonstrated to be inhibitory and toxic to other
microorganisms. The data obtalned are found in Table 25.

The control flask value in Table 25 is the same used in
Table 26 below., The use of the organolead detergent and the
carbon atom analog, 444T, show that the degree of toxicity
towards L. casel cells is very slimllar to that demonstrated
previously to other microorganisms. There seems to be &
elightly lessened inhibition with 444T than wilth its lead
atom analog, however.

An interesting aspect of this trial of compounds resulted
from the addition of 10"'5 mole of BAL to the medium where

l1x 10'5 mole of triphenyl-p-tolyllead was present. The
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striking dlfference in the glucose utillzed and the lactic
acid produced appears to point out the effect of BAL sgainst
the lead compound inhibition which normselly occurs.

The use of dloxane as a solvent does not appear to have
any adverse effects on the growth of L. casel; this 1s in

agreement with the effect of thls solvent on 8. cerevisiae.

Table 25. The effect of triphenyl-Y-(diethylmethylammon-
ium)-propyllead methosulfate and 4,4,4-triphenyl-
n-butyldiethylmethylammonium methosulfate on the
growth of Lactobaclllus casel.

Compound Mole of compound Total volume % of total % of total

added added to medium of medium glucose glucose
utllized ochanged to
lactic
acld

none 110 ml. 64.0 27.5

Pb cpd. 1 x 104 111 ml. 0.0 0.0
Pb cpd. 1 x 10'6 111 ml, 70.9 55.2
444'.rb 1 x 10‘4 111 ml. 3.1 0.0
4447 1 x :Lo'6 111 ml. 7.8 64,2

87riphenyl- Y-{(diethylmethylammonium)-propyllead methosulfate.
4,4,4-Triphenyl-n-butyldlethylmethylammonium methosulfate.

The total volume of each culture was included in order
to notlce the effect of the overall concentration of organo-
metallic compound when added to such a medium. The dilution

which occurred tended to reduce the concentration of

organometalllic compound per ml. of medium; thus the toxic
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Table 26. The effect of triphenyl-p-tolyllead, dloxane, BAL
and diphenylmercury on the growth of Lactobaclillus
casel.

Compounds Mole of com- Total volume % of total % of total
added pound added  of medium glucose glucose
to medium? utilized changed to
lactic scild

None None 110 ml. 64.0 27.5
Pb, opd.? 4 x 1070 111 ml. 0.0 0.0
Pb.cpd.BAL 4 x 107° 112 ml. 0.0 0.0
Pb. cpd., 1 x 10°° 111 ml. 4.2 ——
Pb.cpd.BAL 1 x 1070 112 ml. 86.8 53.6
Dioxane 1 ml. 111 ml. 90,5 59,6
Hg cpd.® 1 x 107% 111 ml, 0.0 0.0
Hg cpd.BAL 1 x 1074 112 ml. 0.0 0.0
Hg cpd. 1x 10°° 111 nl. 0.0 0.0
Hg cpd.BAL 1 x 107° 112 ml, 2.0 ———
Hg cpd.BaLd 1 x 107° 112 ml. 2.6 ——-
85gded 10™° mole (1ml.) of BAL in all cases except as noted.

bTriphenyl—p—tolyllead.
cDiphenylmercury.
dAdded 10'4 mole (1lml,) of BAL to medium.
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levels of these compounds are much less than indlcated at
the first glance. This appears to demonstrate a high tox-
lclty for the triphenyl-p-tolyllead and the diphenylmercury

molecules when added to L. casel.
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VI. DISCUSSION AND CONCLUSIONS

An investigation of the effect of organometallic com-
pounds on mlcroorganisms would be greatly simplified by the
use of water-soluble molecules which can be used as simple
aqueous solutions, With thls as a goal, the search for such
compounds which might be toxic and yet possess a sufficiently
high solubllity revealed the dearth of possibilities for
achlevement of this aim. A few such compounds were ob-
tained, however, and subjected to prelimlnary trials,.

One such compound was the sodium salt of triphenyl-2-
(p-carboxyphenylazo)l5-dimethylaminophenyltin, which was found

to show no toxiclity toward 8. cerevislae or L. delbrueckil.

The decreased toxlclty 1s expected in relation to its more
toxie Group IV nelghbor, lead, as the toxicity of these ele-
ments is known to decrease as one goes toward the lighter
members of this group. Hence, s search for a water-soluble
lead compound was responsible for the trial of tetrakis-
(p-dimethylaminophenyl)-lead tetramethliodide(for its struc-
ture, see page 86). Its solubility in water was too low to
permit the preparation of concentrated solutinns greater
than 3 x 10" ° mole per ml. Such concentrations were not toxie
to 8. cerevisiae cells, however.

The preparation of triphenyl-Y -(diethylmethylammonium)-
propyllead methosulfate has been described. Its solubility
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in water allowed the preparation of aqueous solutions of the
compound which contalned 10-4 mole per ml. (0.1l molar), so
this material was used in conjunction with dlfferent types
of microorgenisms. In all cases, the use of 107 mole in 10
ml. of medlum was found to be bactericidel in a general
sense of the meaning, to yeasts, molds or bacteria. Concen-

trations below thls, as 10-6 mole per ml, of medium, were

7 9

to 10~
mole per ml., of medlum usuglly had little, 1f any, effect.

usually toxic also, although lesser values from 10

When molds were exposed to the action of this compound,
the same results were found to be true as for bacteria, ex-
cept that the use of lower concentrations as 10710 pna 1071
mole per ml., of medium gave a stimulation of the growth as
evidenced by increased metabolism and uptake of glucose.

The mode of action shown in the inhibition of glucose
upteke by 8. cerevisiae was also seen in the inhlbition of
respliration by'the organolead detergent. It 1s recognlzed
that thils compound may possess a dual nature, exserclsing 1its
effect as a surface tension reductant in one instance, while
exerting a toxle action as a result of 1ts normally toxlc
heavy metal atom, lead, which is present in the molecule.

The effect of the lead in this molecule was not known,
so the compound possessing the same structure as thls organo-

lead detergent was synthesized, except that the lead atom was

replaced by a non-toxic carbon atom. Neither this carbon

analog nor the free amine from which 1t was prepared have
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been reported in the literature so the methosulfate was ana-
lyzed qualitatively and quantitatively for the presence and
the percentages, respectively, of carbon, hydrogen, nitrogen
and sulfur. Infrared spectra of the known organolead com-
pound and its carbon analog completed the proof of structure.
These compounds are shown on page 70 of this theslis. The
carbon analog was called 444T from its complete name; 1l.e.
4,4,4-triphenyl-n-butyldiethylmethylammonium methosulfate.

The tests for evaluating the toxiclty of 444T were the
same as those for 1ts lead-containing analog; it appeared to
pogsess very simllar physical and biochemical properties.

The solution of 10+ mole per ml. formed a thixotropic gel

at room temperatures which indicated that a true solution was
not formed, but rather a lyophilic sol. No such behavior
was noted with the organolead compound, showing that it is
more soluble than the carbon atom analog, as a true solution
18 obtalned instead.

A difference in toxicity between 444T gnd the lead com-
pound was found at concentrations of 10"6 mole of these com-
pounds per ml., of medium. There was partial growth of 8.
cerevislae when 444T was present, but none when the organolead
compound was used. Similar results were found in the study
of the respiration of this yeast in the presence of these
compounds in individual experiments. The differences alluded
to by these examples are due to replacement of the lead atom

by a carbon atom, and therefore demonstrate that the heavy
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metal does exert a very deflinite influence in the toxlcelty
of the detergent molecule.

The effect of the presence of the lead is not to be
taken at face value; that 1s, there may be a simple alteration
of the physical properties of the molecule as a whole when
lead is replaced by carbon which will result in a different
degree of adsorption of 444T on a bacterial cell, glving a
change in the physical interaction of this compound with the
cell surface. Such an indication can be seen by the differ-
ence in the solubility relatlionships between the two
compounds.,

The greetly enhanced tendency for cleavage of the un-
gsymmetrical organoclead detergent catlion suggests the added
possibillity that the formation of a triphenylplumbyl ion may
occur which would be expected to react in 1ts own way and pos-
8ibly enhance the number of toxilc reactions which can occur
with reactive groups present in bacterial proteins,

Velko and DuBoils (142) believe that a close relatlonship
exlsts between the antibacterlal behavior of metalllc and dye
catlions, and that of surface-actlve cations because their re-
actlons with bacterial cells can all be consldered as phenom-
ena of great ilmportance because mercurlc ilons and dye ions
are strongly adsorbed but possess very little surface
activity.

Okamoto and Nagayama (108) agree with Beck (16) that the

compounds possessing a large surface sctivity are the most
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readily adsorbed on bacterlsl surfaces; however, Beck (16,
17) believes that the quaternary ammonium detergents react
only by adsorption in the case of yeast cells, and that

there 1s a correlation between the decrease in surface ten-
sion exhiblted by a detergent, and 1ts effect in deoreasing
the respiration of the cells. Okamoto and Nagayama (108)
have shown that phenylmercurlic hydroxide, phenylmercuric
acetate and diphenylmercury show no surface activity yet have
a high antibacterial activity. Furthermore, diphenylmercury
1s not believed to undergo hydrolytlc dlssociation.

Cause for more investigation of the reactivity of these
compounds has been given by the experiments in thls thesis
which show that diphenylmercury 1s cleaved to phenylmercuric
chloride by valine hydrochloride or by lysine monohydrochlo-
ride. This cleavage product may react as such with essential
groups in proteins or may hydrolyze to form phenylmercuric
hydroxide which in itself 1s very bactericldal,

The alkyl group which is Jolned at one end to the central
lead atom of triphenyl-Y -(diethylmethylammonium)-propyllead
methosulfate, contains the quaternary nltrogen at the other
end. This portion of the organolead detergent was synthe-
slzed and 1ts activity tested against 8. gerevigiae. It is
called n-propyldiethylmethylammonium methosulfate. The
highest concentration prepared was a solutlon containing 10’4
mole of compound per ml., and the use of 1 ml, of this solu=-

tion in 10 ml. of medium caused complete inhibition of
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growth. This conduct shows that the surface actlvity alone

is8 not responsible for bacterlcidal actlon as the molecular

weight is conslderably less here than with the lead compound
Just clted or its carbon analog, and no surface tension re-

duction of an aqueous solution was noted.

Another similarity between this smaller methosulfate and
its related higher molecular welght types was found in the
action of these compounds in causing a clumping of the yeast
cells. Large clumps of cells were formed which could be seen
wlth the naked eye when 10-4 mole of any of these three com-
pounds was added to 10 ml. of a culture of §. cerevislae.
These clumps might result from the removal of lipids from the
cell membrene by the action of the detergent, causing an at-
traction of positive centers on one cell to negative centers
in another, although the smaller compound would not be
expected to do this. However, the counteraction of the zeta
potential of a cell surface by the addition of the posltive
quaternary ammonium catlon might result in a decreased repul-
slon between the cells which would bring aboup thelir ultimate
agglomeration. :'

The posslible toxicity of the uncommon methosulfate anion
might contrlbute to the effect of these compounds also. An
attempt to produce the quaternary chloride by the addition
of barium chloride caused formatlon of a thlck gel with both
444T and the lead atom analog, 80 no further attempts were

made. Dimethyl sulfate, however, is a toxlc moleocule and
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should these microorganisms assimllate the methosulfate
anlon, 1t 18 belleved that these ions might displace sulfate
lons in a way such that an inhibition of ceilular activity
would result.

The rapidity with which the triphenyl-Y -(diethylmethyl-
ammonium)-propyllead methosulfate would inactivate the cells
of 8. cerevislae to lead to a loss of thelr viabllity was
determined by exposing the cells to a known lethal gquantity
of the compound for a measured length of time. After inter-
vals of from 5 to 60 minutes, the cells were transferred to
excess fresh medle and incubated. Growth was inhibited tem-
porarlly up to an exposure time of 30 minutes, and no growth
resulted after a 45 minute treatment of the cells. This
demonstrates that the mechanics of the antibacterial activity
require a glven length of time and are not instantaneous.
This does not appear to involve an adsorption alone as the
ratlio of the number of molecules to the number of yeast cells
1s of such magnitude that the centers where adsorption oc-
curs would certainly be surrounded at all times by a large
number of molecules, and adsorption of a lethal nature would
be expected to occur more rapldly.

Of more likelihood is the possiblility of a cytolytic
injury to the cells as stated by Hotochkiss (67) who has dem-
onstrated a "leakage" of essential nitrogen and phosphorus
cell components from the cells of 3. cerevisiae which results

in very low metabolic activity of the cells. A relatlonship
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to the 45 minutes requlred here for complete loss of the vi-
abllity of the cells seems more plausible. Adsorption may
play an important role, however, in causing this actlon to
occur,

The lack of water-soluble compounds for continuing
these tests made 1t necessary to use water-insoluble types.
It was declded that the best and most convenlent method for
adding an insoluble compound to an agqueous medium would be
to add a solution of the compound, dissolved in a water-mis-
cible solvent, to the medium. The solvent would be thoroughly
compatible wlth the water, thereby allowing the compound to
form a suspension in the medium, The use of solutions would
allow an accurate measure of the amount of compound added.

Teats were conducted to evaluate the suitabllity of a
solvent; three criteria were essential., First, the solvent
had to be mlscible wlith, or very soluble in water; second,
the organometallic compound had to be sufficlently soluble
in this solvent so as to allow enough of 1t to be dissolved
for practlcal usage. The practicality of thils second cri-
terium was limited by the third; i.e., the solvent must not
be toxlc to the microorganism when a quantity of it was added
to the medium sufficlent to introduce a toxic amount of the
organometallic compound. Butyl Cellosolve, ;fhyl lactate
and dloxane were the most successful in fulfilling these re-
quirements, although each solvent was not satisfactory in

itself for all given microorganisms, as the toxiclty of any
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one solvent varied wlth the organism used.
The first tests were conducted with triphenylsilanol in
Butyl Cellosolve using Clostridium acetobutylicum. This

was found to exert no inhibition of the production of solv-
ents from the fermentation of corn. The same results were
obtained by the use of triphenylbenzyllead in the same solv-
ent. Use of Butyl Cellosolve for 8., cerevisiase was unsst-
lsfactory as 2 concentration of solvent gs low as one per
cent caused a partial inhibition of growth while higher con-
centrations were completely inhibltory. Butyl Cellosolve is
ethylene glycol monobutyl ether: (HOCHRCHzocHBCHBCHzcﬁa).

It was shown that diphenylmercury will be cleaved to
produce phenylmercuric chlorlde when elther valine hydrochlo-
ride or lysine monohydrochloride is present. The possibility
of reaction with sulfhydryl groups seemed to be logical so
tests with a compound known as BAL were conducted. Fildes
(41) has shown that the presence of sulfhydryl groups (-SH)
in compounds added to a medium will prevent toxic effects of
mercuric lons when the latter are present in the medium. BAL
is 2,3~dimercaptopropanol, and it can reesct with those com-
pounds which normally react with essential ~SH (sulfhydryl)
groups in enzymes, thus protecting the latter from the inhibl-
tlon which often results from mercaptide formation with heavy
metals,

It was found that BAL did not prevent the inhibition of

.microorganisms by diphenylmercury, but seemed to enhance the



176

toxlclty instead. Control fermentations were also suppressed
when BAL alone was used, the same being true for the respira-
tion of microorganisms. Waters snd Stock (145) have reported
this enhancement of toxlcity ln the case of arsenical-pro-
duced Ainhlbltions, and have also shown that BAL will inter-
fere with cytochrome oxidase activity because 1t is a strong
reduclng agent, and so keeps cytochrome ¢ in the reduced
state.

Studies of the respiration of mlcroorganisms were con-
ducted 1in which diphenylmercury was added to the respiring
cells. Thls compound, which was very toxlc to the growth of

the cells of Acetobacter suboxydans and S. cerevisise, was

equally inhibitory to their respiration.

The use of triphenyl-p-tolyllead was surpris;ng in its
high antibacterial activity as it was not expected to undergo
any decomposition, nor dces it possess any ionlc lesd. All
four valences of the lead atom are employed as covalent
bonds to hydrocarbon groups,

Triphenyl-p-~tolyllead was soluble in dloxane; tetra-
phenyllead, which differs only by a single para methyl group
on one benzene nucleus, was quite insoluble. An unexpeoted
behavior with regard to thls solvent was its low toxlcity to
the growth of 3. cerevislae, because ethyl ether has been
been shown to be toxic to 8. cerevislae in low concentrations
above one per cent, but stimulatory at concentratlons of

0.25 per cent (79). Kerr and Young (73) reported that
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toluene, xylene and ethyl ether cause a marked reduction in
the fermentation of glucose by 8. cerevislae and cells of
this organism are ultimately killed by toluene or ether.
Dioxane was not toxic to any appreclable extent in concentra-
tions as high as 4 per cent when added to a glucose fermenta-
tion employling yeast.

When BAL was added to cultures in which triphenyl-p-
tolyllead was present, a very marked decrease in inhibition
resulted. This effect is evidence in favor of the reaction
of this organolead molecule with ~SH groups as the mode of
action by whlch i1t is toxle. The addltlon of BAL gave im-
proved yields in 3 cases where inhibition by the compound was
otherwise noted when no BAL was used.

A study of the regpiration of 3. cerevisiase showed that
although glucose metabolism was inhibited 90 per cent by
triphenyl-p-tolyllead as indicated by analyses performed on
the medla after the reaspiration studles, there had not been
any corresponding inhibitlon of the uptake of oxygen. This
finding seems to indlcate that triphenyl-p-tolyllead will de-
press glucose metabolism without halting the respiration,
contrary to other cases where both glucose metabolism and
respiration are halted.

BAL was used 1n s higher concentration in the respiratory
gtudies above than in the glucose metabolism experiments, and
proved to be very toxlc at such a level. No glucose meta-

bolism occurred when BAL was used, whille dloxane caused
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stimulated respiration in all cultures as seen by the sharp
increase in the oxygen uptake. This behavior is like that
noted for very low concentrations of ethyl ether (79).

With Acetobacter suboxydans, dloxane was inhibitory,

suppressing the oxidatlon in which sorbltol 1s converted to
the keto sugar, sorbose. A yileld of gpproximately 50 per
cent of sorbose was obtalned when a 2 per cent concentration
of this solvent was in the medium. The triphenyl-p-tolyllead
was also inhibitory to this organism.

The investigation of these compounds thus leads to the
conclusion that when heavy metals, which are known to be
toxic in the free metalllc or the lonic state, are incorpo-
rated in organometallic compounds where all the carbon to
metal bonds are covalent, they probably act in a toxlc manner
by dissoclation or by cleavage to form more reasctive molie-
ties. These more reactive products then combine chemically
wlth other chemical groups to produce an inhibition of
essentlal blochemical reactions necessary for the metabolism
and/or respiration, or reproduction of the cell.

This problem can be extended by investigating the use of
phosphorylated sugars as addiltives to inhibited cultures to
see Af phosphorylation 1s belng prevented. The use of enzyme
preparations in conjunction with the solvents and the organo-
metallic compounds would be desirable from the standpoint
of observing any speclfic enzymic inhibition or denaturation

at varliable pH values. The introductlon of these water-
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insoluble compounds might be accomplished in a better way; a
method which eliminated the use of solvents would be very
beneficlal, as larger cultures could be used with greater
ease, thus allow better analyses of the products of the

fermentations.
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VII, SUMMARY

l. The effect of organometallic compounds upon various micro-
organisms was studled by means of thelr introduction into
cultures of a yeast, some molds, and some bacteria. The or-
ganisms were grown at thelr optimum temperatures using ideal

conditions whenever possible.

2, Extensive use was made of the yeast, Saccharomyces cere-

vislae, because of its lmportance as a microorganism, 1ts
ease of cultivation and its avallability. Bacteria used

included Acetobacter suboxydans, Lactobaclllius delbrueckil,

Lactobacillus casel and an anaerobe, Clostridium acetobuty-

licum.

3« A preliminary study was conducted on water-soluble com-
pounds 1in order to allow optimum contact of the cells with
the molecules. An impure sodium salt of an organotin dye

was found to possess no toxlclity to Saccharomyces cerevisiae

at .a concentratlion of approximately 0.0001 g. per ml. A
water-soluble organolead tetramethiodide was found to possess
no toxlcity for g. gerevisliae when 3 x 10"6 mole was added

to 10 ml. of medium, These two compounds were not investi-
gated further because of poor solubllity characteristics

and difficulty in attaining sufficlent quantities of pure

materlal in an aqueous aolution.



181

4., Prelimlnary investigation of triphenyl-Y -(diethylmethyl-
ammonium)-propyllesd methosulfate showed it to be a sultable
water-gsoluble organolead compound for these studies, as it
was posslible to prepare a 0.1 molar solution in distilled
water., Such a concentration gave 10"4 mole of the lead com-
pound per ml, of solution, and was found to completely
inhibit the growth of all microorganisms when one ml., of
solution was added to 10 ml, of a medium,

This compound was syntheslzed and was studled from two
viewpoints; as a detergent, and as an organolead compound.
Studles were conducted on alr-borne molds by exposing 10 ml.

samples of semi-synthetic medla containing glucose, yeast

4

extract and 10"~ mole of this compound to the atmosphere of

the laboratory.

5. The growth-inhibition studles were next extended to a
pure straln of the mold, Aspergillus niger, and the complete

inhibition which was noted previously upon adding 10™% mole
of this organolead detergent to a 10 ml. culture of an air-
borne mold was also found to occur here. Lower concentrations
of the compound, such as 1(:)'-10 mole quantities, caused an en-

hanced glucose uptake by A. niger, leading to more rapid
growth,

6. Inhibiltion which caused a complete cessation of the
growth of 3, cerevislae within 45 minutes was found to result

when 10"5 mole of organolead detergent per ml. of medium was
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present. The presence of 10"'7 mole of compound per ml. of

medium was still toxlic to 8. gerevisiae. No cell formation
nor glucose uptake was observed, and in addition, the cells
were seen to form clumps when 10"4 mole of the compound was

used in 10 ml. of medium.

7. The synthesis of the carbon analog of the water-soluble
organolead compound was accomplished. As thls was & new
compound, 1t was analyzed quantitatively and the structure
proven by the results of these analyses and by a comparison
of the infrared spectra of the compound with that of its lead
analog. It was called 4,4,4-triphenyl-n-butyldiethylmethyl-
ammonium methosulfate. This name was shortened to 4447 for

reference purposes.

8. The compound, 444T, was used in tests which compared its
activity with that of the lead analog. An analysis of the
toxicity of 444T showed it to be somewhat less toxic to the
growth and respiration of cells than 1ts heavy metal analog,
although both compounds appeared to act in an identical manner

in the inhibition of the metabolic and respiratory activities

of microorganisms.

9. A dilscussion of the actlvity of these quaternary ammon-
lum organolead compounds against microorganisms was glven.
The alkyl side chain portion of the 444T molecule; 1l.e.,
n-propyldiethylmethylammonium methosulfate, was synthesized

and tested for 1ts antibacterlisl actlivity as a contribution
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to the overall study of the 444T agnd its lead analog. It was
found to posseass less activity against S. cerevislae and
alr-borne bacteria, and was completely ineffective for pre-
venting the growth of air-borne molds. An interesting
behavior was 1ts ability to cause clumping of the cells of 8.
cerevislae in the same manner as the 444T and its analog con-
talning lead. No growth of 8. cerevislae occurred when 10™4

mole of this alkyl compound was added to 10 ml. of a medium.

10. A number of solvents, as Butyl Cellosolve, ethanol,
acetal, dloxane, ethyl lactate and water were individually
evaluated for theilr (a) ability to dissolve a useful quantity
of an organometallic compound, (b) their high solubility or
miscibility with water, and (¢) their toxlclty when any one
solvent was added to a normal growing culture of a micro-
organism in amounts which would be sufflclent to lntroduce a
toxic quantity of 2 water-insoluble organometalllic compound
to that culture. Portions of from one to five per cent were
added to media and tested for thelr inhibltory effect toward
the microorganlism present by means of determining the uptake

of glucose which occurred.

1l. The mode of actlion of certain water-insoluble organo-
metallic compounds; l.e., diphenylmercury, triphenylbenzyl-
lesd, and triphenyl-p-tolyllead, was studied and theorles
were presented in an attempt to explain their inhibltory
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activities. Support for these theories was obtalned from

the results of experiments which were conducted with BAL
(British antilewisite) end with the organometallic compounds
when both were present simultaneously in & culture. The

BAL supplled -8H groups which might resct with some of the
more reactive degradation products of the organometallic com-
pounds should such occur. Diphenylmercury was shown to be
cleaved by valine hydrochloride or lysine monohydrochloride
to glve benzene and phenylmercuric chloride, but no such ef-

fect was found for triphenyl-p-tolyllead.

12, The action of these organometallic compounds on an

anaerobic microorganism, Clostridlum acetobutylicum, was

studied. Possible interference with the metabollsm of glu-
cose and/or the reduction of acids to alcohols was demon-
strated by the results of enalyses which showed changes in
the amount of glucose present and in the presence of volatile

acids which had not been reduced to alcohols.

13. The respirastion of the aeroblc microorgenisms mentioned
previously was studled by adding organometallic compounds to
thelr growing cultures following a preliminary three to six
hour growing perlod. The Warburg apparatus was standardized
and used in these investigations for following the respira-
tory activity of the microorganlisms. In general, when growth
was halted, the respiration was found to be inhibited also.
With triphenyl-p-tolyllead, however, the resplration of S,
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cerevigise did not halt when glucose metabollsm was inhib-

ited completely.

l4. Suggestions for extending and enlarging the scope of
this type of investigation have been glven, based upon the
work done in this study.
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