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PREFACE - PUPPOSE OF STUDY 
CI::fft~~ ="1: ~ztt .. ~,:; e ~~ 

The specific aim of th.is study was to isolate bacteria 

or fungi capable of synthesizing adaptive enzy.mes vvith metabolic 

activity versus the morphine substrateo Evidence for the production 

of g,uch induced enzymes was to be the ability of the organisms to 

gro'iof.in a minimal medium in which morphine sulfate was the sole 

carbon and nitrogen sourceo Quantitative evidence for morphine 

utilization ",'las also to be provided by the development of a sensitive 

chemical procedure for meaGuring the progressive disappearance of 

the morphine substrate from the culture medium in which the microbial 

growth was obtained(> If successful results were obtained in this 

initial study, subsequent funding was to be requested for additional 

studies leading to the overall goal of development of a rapid method 

for the detection of narcotic leve Is in body fluids of suspected' 

addictsQ 
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SUHHARY ---
The purpose of this study vias to isolate bacteria or 

fungi capable of synthesizing adaptive enzymes 1;'lith metabolic 

activity versus the morphine substrate •• 

Sixty-two experimental lots of culture media were prepared 

in order to L1 ve~tigate all facets of the adaptive process. A ,'lide 

variety of sources was utilized in order to maximize t.1ie liklihood 

of the success full recovery of organisms possessing the requisite 

qualifications 0 Pure cultures of organisms known to possess the 

ability to adapt readily to environments containing only low levels 

of nutrients were used as inocula as were ATCC bacterial and fungal 

stock cultures, selected for their metabolic activities versus 

similar substrates as reported in the literature. Other sources 

included ornamental DOPPY plants, cesspool and manure samples, pond 

and river v/ater, and dust from narcotic cabinetse Soil samples from 

opium poppy fields p 'Vlere received at three different times and tested 

by t\'lO main experimental approaches. 

The test me thodology \.;as deve loped as the experimental 

phase progressed. A direct approach was used in \-Jhich microbial 

isolates from the various sources outlined above 'Vlere inoculated 

directly into culture meciia in \.;hich morphine sulfate was the sole 

carbon-nitrogen source~ This e)..'-perirnentation did not lead to the 

recovery of oandidate organisms. 
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The major approach used throughout this study was that 

of co-induction of enzyme productions By this procedure the morphine 

substrate ~.,as incorporated into culture media containing yeast 

extract as a nutritive sourceo The theory behind this method is 

that while growth of the organisms is primarily due to their 

metabolism of the main nutrient (yeast extract) there is simultaneous 

degradation of the morphine molecule, By sequential passage in 

media containing successively lower concentrations of the main 

nutrient I t.l1e ability to degrade the morphine substrate is enhanced 4 

such an approach has been successfully used in all. atropine test 

system. The results of co-induction e~)eriments are listed below: 

10 No candidate organisms were recovered from the 

20 

sample group that included the ornamental poppy 

plants ~ vlater and dust samples, cesspool and manure 

extracts and pure cultures of environmental isolatesd 

\·'fuen ATCC bacterial and fungal isolates \llere 

investigated, evidence for morphine utilization was 

obtained. Th,e contract period expired before further 

testing and verification of these results was possible. 

3. No candidate orgaiJ.isms "lere isolated from the LE and 

HRC-E soil samples from Turkish opium poppy fields. 

4. The HRC-B Turkish soil samples, received late in the 

contract period provided isolates that sh0l1ed promise 

of adaptive enzyme activity following a number of 

passages, particularly in media adjusted to pH 8.2. 

Again the expiration of time prevented pursuit of 

these findings 0 
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In the final month of the contract period, another 

experimental approach "las initiated_ Morphine :sulfate solutions 

\.;ere II.t:Lcd" to port~ons of' th' f' 1..:1 . 
.l.o • e op~um poppy ~e u, Bo~l samples at 10 

day intervals in an attempt to induce enzyrnes in response to the 

presence of the morphine substrate Q The initial samplings from tb,ese 

soi ls following ·t.hree "feedings" provided isolates \1h.1.ch gave 

preliminary evidence for morphine utilization& This Nas the status 

of this phase at the time of the expiration of the contracte 
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Initially, b/o main experimental approaches were 

designed to obtain candidate organisms for the studyo Pure 

cultures of organisms k,novm t.o possess the ability to adapt 

readily to environments containing only trace levels of nutrients 

\'lere to be used as inocula for culture media in vlhich morphine 

sulfate ''las the sole carbon. and nitrogen sourC66 Soil samples 

from various sources (including soil from opium poppy fields) 

,,,,ere to be collected, microorganisms isolated from themp and tbese 

isolates similarly processeda 

A co-in.duction approach "las also contemplated in which 

a nutri ti ve s ub5 trate (yeast extract) ''lould be incorporated into 

the culture medium in addition to morphine sulfate 0 The amount 

of nutrient: would be progressively deminished during serial passages 

''lith the morphine concentration being either kept constant or being 

simultaneous ly increasedo This ''lould provide for continuous 

exposure of the microorganisms to morphine and enhance the possibility 

of adaptive enzyme production \'lhi16 still providing a minimal level 

of general nutrient substrate so that higher metabolic levels are 

initially maintained o 

An e»''Perimental plan \AlaS also devised for the development 

of a ci1emical assay to monitor morphine consumption in the culture 

mediao The method \'laS to be based on a chemical oxidation of 

non-fluorescent morphine by ferricyanide to form the highly 

fluorescent oxydimorphine (pseudomorphine) e 
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MATERIALS AND H1:JTHODS 
t:d.~.,,,,w:c~~,",, rtl~UI~'l'l 'C'''I~ 

TVlenty-nine strains of Pseudomonas species were used in 

the initial gro\V·th phases. These org-anisms Vlere recent environ

men tnl isolates from faucets, sink drains and simi lar high moisture 

siteso. They vrere designated by the code letters HIP followed by 

code numbers" Additionally t"lO strains of E;? ... ~~ £.,.~, 

ATCC 12633 and ATCC l7390)vlere :~,.") included in the study. 

certain ATCC strains (., bacteria and fungi were also 

selected for trials as candidate organisms. These organisms 'vere 

assigned the following code letters \'lhich appear as their designations 

in the various Tables of Data o 

Code I..et:ter ~ ATCC Numbor 
~~~..m.&W 

tU'ID"!tC"t'~~ztett ........ :;NGtI:c!!I 

A Cladosporium cladosporoidcs 6721 

B Pseudomonas sp. 11922 

C polyporus sanguineus 11934 

D Arthrobacter oxydans 14358 

E Stachybotl:"js chartarum 16275 

F oidiodendron e chin ulat urn 16287 

G Pseudomonas putida 17484 

H polyporus sanguineus 20160 

.. ' 

, 
~ t 
! 

( 

.' 

B. ~~t1i...g~££l~~ 

Ornarrental poppy plants were collected. Extracts of the 

seeds, leaves, and soil were prepared and used to inOCUlate various 

culture lredia lot~o Cesspool s 1 . , - amp es were sl,nu.larly processed. 

Water samples from three locat.ions in the Jones Falls Watervlay 

system served as inocula as did pond water and manure from a local 

farmo Also tested ,vere dust samples from the narcotics cabinets of 

a Baltimore hospitaJ. o 

Soil samples from poppy fields in 'l'urkey vIers l:eceived 

during the con tract period on three separate occasions a Negotiations 

"lere also initiated to obtain soil from poppy growing areas in Indiao 

Because of the Indian-Pakistani conflict, delivery of these soil 

samples was delayed tmtil after the expiration of the contract period. 

Two groups of soil \Olere received in January-February 1972, one grouJ? 

being collected \Olhen the plan ts Vlere 6" to 9" high and the second 

one at the time of capsule formationc 
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Sixty-blo lots of 

both agar and broth types. 

'i'lere used e 

Form\1~~, 
~1e:M 

Chen:t~~ 
~ 

I\2HP0 4 

KH 2P0 4 

HgSO 4·7H20 

NH 4N0 3 

CaC12 

FeC1 3 

, J1II Formula:t;2;2..!.l~ 
~ 

Chemical 
~ 

NI-1 4N0 3 

I<2HP04 

I<Il 2P0 4 

MgSo4 e 7H20 

MnS04 

Zn S04 

Fe S04 

---.----------~ 

4 

prepared, j.ncluding culture media 'i'lere 

basal salts formulations The following four 

Grams pe~ ---

1,0 

0.02 

trace 

10.0 

20.0 

6.0 

1.0 

001 

o~o 1. 

0.1 
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Na2 HP 04 

RH
Z

P0
4 

MgS0 4 0 7H2 ° 
NaCl 

11.29 

100 

HRC Formulation (Moai,ficatiol1. of Earle t S Balanced t"4~~~)IaC~~ 

Sal t Solution) 
Chemical ........... --...,. 

NaCl 

RCl 

caC1
2 

MgS04 67H2 0 

NaH2 P0
4 

6.8 

O~2 

0.125 

5 

The first three of these formulations "ere those reported in 

the literature for use in inducing enzyme production in various 

enzyme-Substrate systems. The fourth one "as a modification of 

Earle's Balanced Salt Solution, a medium used in tissue culture work, 

Hank's Balanced Salt Solution (containing dextrose) Was used in two 
of the e xperimen tal formuJ.ae 0 

, 
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To these basal salts solutions, a variety of substances 

were incorporated prior to pH adj ustm:3nt and sterilization of the 

mGdia. In the co-induction experim3nts, yeasi:.s extract \l/aS most 

frequGntly used ns the nutritive source although in several lots of 

mediap trypticaso pep\:.one or dextrose played this roles For solid 

culture madia, either agar .. ·agar (BBL Purified Agar or Dif.ro Noble 

Agar) or agarose t a galactose polymer produced by chemical treat.m. ... mt 

of agar·-agar ~ vIas used as the gelling component. The latter sube;tance 

",as tested since initial results indicated that the organisms ,..,o):e 

attacking the agar molecule G It was postulated that agarose might 

be more resistan t to microbial degradation G Distilled water was used 

as the diluent for all l'redia except for one experimental batch in 

which \,ye 11 water \"as investigated. 

The majority of the media formulai::ions '\'lere adjusted to 

a pH close to neutrality. Hmlever, after determining that the pH 

of the soil samples from the Turkish poppy fields \.;as slightly above 

pH 8 0 0, a number of media \.,rere adjusted to pH 802 just prior to 

steri Ii zation. 

Horphine sulfate 'vas incorporated into culture media in 

concentrations ranging from 001 ... 0.4% e 10 % stocJ~ solutions of the 

morphine '-tere prepared in distilled water. Thes;e solutions v/ere 

~ither used without sterilization or after membrane filteration~ Very 

early in the experimen~al phase, other narcotics (codeine, dilaudid~ 

methadone ~ and papaverine) ''lere substituted for morphine, but this 

approach was subsequently terminated a 
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In one phase of the study, 1;ho gradient plata tochniquo which has beon 

successfully used in bacterial mutation studies was employed. By this rr~thod, a 

range of concentrations of morphine was established across tho surfac~ 
'" of the agar 

plate thereby 6):posing tho inocula to different levels of morphine. 
The theory behind' 

this l1l3thod \<las that the organisms may rtr.ow lo'n c r.t . f _l 
~ o. Cllon zones o· ~le plate in i-Osponse 

to an optimal concentration of tha narcotic. 

Code _uc 

C-l 

D-l 

A-J. 

11.-2 

1-1-3 

A-3 

M-4 

BB-l 

BB-2 

1>1-5 

A-5 

-M-6/A-5 

A-6 

l-j-7 

M-7/A-6 

AE-l 

M-6/lIE-l 

H-7/AE-2 

The composition of the sixty-two """dl.· a lots i ...... are 1 sted belo\'l1 
Basal 

'Salts 
l~ormulation 
~ .. ~-...-.. 

I 

I 

I 

I 

I 

r. 

I 

I 

II 

II 

I 

II 

I 

II 

H-BSS 

E-DSS (nRC) 

" 
" 
n 

\I 

" 

" 

" 
n 

n 

Type 
of 

h.;r.!J;!i. 

Purified 

If 

" 
II 

" 

Noble 

" 
" 
" 

Noble 

" 
It 

" 
" 

Agarose 

" 
n 

Noble 

n 

Agarose 

If 

% 

ll.'?Eg~.!~ 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.4 

0.4-1>0 G* 

0.4 

0.4-A) G 

0.4-X) G 

0.4-;0 G 

Enri chrt1-:mt 
:£y~ ... ...:...~~ 

... 

TrypticasQ 0.5 

" 0.5 

Dextrose in Ii-BSS 

Dextrose in H-BSS 

Yeast Extract 0.5 

II 0.25 

" 0.5 

H 
0.25 

Other Additives 
ltJ~~,-L 

Codoine 0.1 

. Dilaudid 0.1 

1>1ethadone 0.1 

, 
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A-7 

11-8 

P-l 

g-8/A-7 

P- J./A-7 

BB-3 

HB-3 

1'13-4 

11B-5 

HB-6 

ZlIB-7 

HBE-2 

A-B 

M-9 

1-lB- a 
MBE-3 

1-1-10 

HB-9 

MBE-4 

MB-10 

1·lBE-5 

I>lBE-6 

I-lBE-7 

EH-1 

A-9 

1·1-n 

!-lB-ll 

IlBE-8 

I-lB-12 

l·lB-13 

1·10-14 

11l3-15 

l-ltJ-1G 

nasal 
Salts 
porrnul n t.i":::1, 

I 

I 

I 

I 

I 

I 

I 

I 

I 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

I 

I 

I 

I 

I 

I 

I 

III 

III 

G = Grndiant Plate 

.. ' 

'rypo 
of 

[I.5li:l.E, 

Noble 

n 

" 
n 

" 

Noble 

ft" 

Noble 

Noble 

n 

If 

.. 

% 
llornhine -_ .. ' 

0.4 

0.4-'0 G . 

0,1 

0.4 

0.1 

0.1 

0,,15 

0.15 

0.2 

0.15 

0.15 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.25 

0.2 

0.25 

0.3 

0.25 

0.2 

0,2 

0.2 

0.2 

r!n ri chll'.cn t: 

~~£~---.--~---.--.-~--

Yeast Extract 0.5 

Yeast Extract 0.5 

Yeast Extract 0.5 

Yeast Extract 0.4 

n 0.2 

" 0.1 

.. 0,5 

" 0.5 

Yeast Extract 0.4 

II 0.2 

II 0.1 

, 
" 

-- ~~-- ---------;;:.p=""'.--- -----~ -----------
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other lldditiv<:Hl 
'£:/1'_0 !!i. 

Papaverine 0.4 

papavex::ine 0.4 0 G 

- ' 

B.2 

8.2 

8.2 

B.2 

B.2 

7.1 

8.2 
7.1 

I 

If I 
\ 

I 
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TEST METHODOLOGY l\HD RESULTS 
~~~.~~.trl'. ..",.' ..... !d 

Early investigat.ions during the contract period dealt. 

\>lith the pure cultures of blenty=nj.ne Pseudomonas speci.es as 

\>lell as ,'lith is()lates from portions of ornamental poppy plants, 

cesspool and manure samples f pond and river \-later ~ and dus t from 

narcotic cabinets o 

The Pseudomonas species were collected ov'er a period 

of time from environmental sites in local hospitalso 'l'hese sites 

included hi.gh moisture areas such as sink drains p faucets and 

rubber tubing of suction and humidifier bottleso The pseudomonads 

were surviving in these locations in an atmo&phere devoid of 

extraneou~ nutrients and thus are capable cf synthesizin.g essential 

metaboli.tes from very simple organic materials c For this reason, 

these strains were chosen as candidate organisms for:. inclusion in 

this studyo 

The ornamental poppy plw1ts were processed in lieu of 

opium poppies # which \'lere unobtainable due to the rigid restrictions 

placed on their grovlth o It \'las our intent to recover organisms from 

the various parts of t.he plant and soil in close association \.;ith 

the roots; and t,est them for their ability to produce the requisite 

enzymes,o 



j 

I 
I 
I 
I 
I 
I 

I 
I 
I 

I 
I 

I 
I 
I 
I 

1 f 

10 

It was thought that organisms from cesspool and manure 

would possess the ability to ferment a wide variety of substrates 

due to their normal role in the J:)J:eal<:.doVll1 of organic matter j.n 

these types of biological matte;r.. Pond and river vlater should 

contain. bacteria with broad matabolizing capab:i.lities. 

Narcotic injections are routinely prepared in the nursing 

station drug areas of hospitals. During this process, air bubbles 

are expelled from the syringes rosulting in the production of an 

aerosol of narcotic in the irnrr.ediate environment of the drug 

cabinet. Dust in crevices in this area is thus constantly exposed 

to minute shO-Vlers of narcotic solutions. For this reason dust was 

collected from these narcotic cabinets and subsequently cultured 

for t~he presence of microorganisms possessing the unique ability 

sought in our studyo 

This phu.:Jc of our study represented the initial experim-=nta

tion ",ith media preparation, organism manipulation, and isolation 

techniques. A number of observations were thus made at this stage 

that affected the later e)..1?erimental approaches 0 It was found that 

the maj ori ty of the pure cultures and fresh isolates, while capable 

of grmling on media consisting of basal salts, agar-agar, and 

morphine as sole carbon and nitrogen source, would also grOt., equally 

as vlell on the identical medium minus t.he morphine e The organisms 

therefore appeared to be capable of attacJ<:.ing the agar molecule 

since theoretically there was no other carbon or nitrogen source in 

the nedi unh The possibi li ty of the presence of trace amounts of 

11 

nutrients ei::her in the distilled \'later or as carryover from the 

inocula was investigated. Several sourCGS of distilled \"ater 

were tested in parallel without altering the above results. 

Nutrient transmission in the inocula for both broth and agar media 

vias prevented in all further transfers by the institution of a 

centri fuging and vlashing procedure 6 'l'he only ej{ception to this 

rule involved initial transfer stages directly from soil e:.{tracts 

and cultures 0 This observation of grmlth on agar .... agar alone 

resulted in emphasis on the broth approach throughout the study 

although use of agar media was not comp letely eliminated o Poor 

gro'i"th on l11edia containing basal salts formulation #II resulted 

in the eliminat:.ion of this salt solution from subsequent investigations 

As can be noted by study of the ingredients of this formula, the 

salt concentration is ex·trel119ly high, a fact which possibly accounts 

for its poor performance o 

Results obtained from this phase of the wor),; are sum-

marized in Tables 1-70 A study of 'r.ibles 1-3 revealS'the fact that 

in most cases growth of the organisms did occur on the solid media 

containing nutrients e The probiem was that there was either no 

grOl..;th on both the basal media control wid the corresponding morphine

containing media or grm'lth \'la5 observed on both media types. Those 

strains v!hich were exceptions (i e e6 the three Pseudomonas strains 

that did not grovl on the agar control plates) were further passed on 

both types of solid mediae 'rhis secondary passage resulted in growth 

, 
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on the plain agar as well, again suggesting the probability of 

degradation of the agar molecule (Table 4.) Broth media \1ere used 

for grO'l'lt.h of the complete group of Pseudomonas speciesc Nine of 

the strains yie lded minimal gr0\1th in morphine broth G These were 

passed in the saror~ media and failed to grow. See Tables SA and 

5B for this data. Broth to agar transfers of the same nine strains 

were also made& The results of this passage are presented in 

Table 60 In no in~tances Vias grovlth obt,ained on morphine agar 

Vii thout grm1th on the analogous medium minus the morphine 0 

The results of testing of the poppy plants, vlater samples 

and cesspool and man.ure extracts are also presented in Tables 3, 6, 

and 7. The inocula from poppy plant extracts in Table 7 represent 

seconda17 passages. No candidate organisms were recovered from 

these spe cimens. 

In another e)..l'erimental approach, a variety of inocula 

V1ere used on an assortment of sixteen agar media. Dry swabs of 

dust from the narcotic cabinets vlere shaken in sterile water and the 

resultant suspensions used to inoculate culture media. Additionally 

several stock organisms were employed. Culture media included 

freshly prepared media falling into several groups; narrely agar 

media without morphine or any other carbon or nitrogen source, 

agar media containing morphine, agar media containing yeast extract, 

agar media containing YBast extract and morphine, and gradient plates 

of these combinations 0 Test results are presented in Table 70 

"-,~";':~~ .:;~.-;:-!:;::::::r~;:"z,_nt .. .::;.;:!l'~:!:'a'·::""'"X:';~""~_"'-""·""~"_~_". ___ "~_~~_,,,.,.r ___ "'_ ~._ '" 
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Essentially no growth was obtained from the dust samples. The 

other organisms ShO\'led a vlide variation of gr0\1th patterns. 

Luxuriant colonial grovlth occurred on media supplemented with 

yeast extract vlhile the majority of growth on agar vlith and Hithout 

morphine consisted of pinpoint colonies roprcsenting bacteria 

gro\1ing under a state of stress. Transfers of isolates from this 

series of plates did not result in the recovery of candidate 

organisms e 
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And Fun~al Strains 
~~ ...... .;n.~~ 

The American. Type Culture Collection (ATCC) stock 

strains used in thiu phase vIera listed in the section on Materials 

and Bethod.::; 0 The rationale for the selection of these organisms \1aS 

either ba.sed on literature reports in vlhich memtH:u·s,:.of these genera 

\'lere used in S1..Wstrate degradation studios or on descriptions of 

thei r acti vi ty given in 't.'1e ATCC catalogue G The former approach vIas 

necessitated by the failure of attempts to obtain specific strains 

of organisms from the laboratory investigators 0 The latter approach 

resulted in the inclusion of five ATCC strains selectee because 

of their activity versus ringdstructured compoundso All organisms 

were received as lyophilized preparations, which vlere reconstituted 

and grO\ofn i.n nutrient broth. Prior to use as inoculap all broth 

cultures were centrifuged and washed three times so as to eliminate 

the possibility of nutrient carryover. ' 

The initial cultural results with ~1is group of organisms 

are presented in Table 8 0 Sixteen' freshly prepared agar media 

were inoculated with the eight test strains. Grovlth on agar without 

an added carbon-nitrogen source '-las appro~~imately equal to that on 

morphine-containing agare Since the variable' of nutrient carryover 

was eliminated, the restllts v,1Quld seen to provide evidence for the 

abi li ty of these organisms to attack the agar molecule 0 Al ternati ve 

hypotheses for growth in a menstrum devoid of nutrients "Iould be that 

there were trace nutrients in the ~'later used in the medium or even 

that t.he organisms could utilize CO2 from the air" 

;"~. " '~-"-"""-"~~-",-- .• """",-~.""-",,, .. , . ' ". ,- ... 
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Table 9 pre~en ts data obtained following the agar to broth 

trans fer of growth from the plates described in the preceding 

paragraph. The broth media inoculated were of bl0 types, naffi9ly 

morphine broth with. and \..,ithout nutrient.s. As can be noted from 

the Table f only one organism produced turbidity in the media minus 

added nut.rients (yeast extract) 0 Aliquots from those fevl tubes 

~"ere used as inocula for both agar and broth media o "Results 

of this serial passage are given in Table IO.~ Following transfe,rp 

the organisms failed to grml in unsupplemented morphine broJch but did 

grow on ungupplemented morphine agar (and on agar minus a carbon 

or nitrogen source as ~'lell) 0 

Since grovlth of the eight organisms vIas obtained in broth 

media NBE-2 and MBE-3 (Table 9) f positive tubes were centrifuged 

and the growth vlashed t\'1ice vlith sterile water to again eliminate 

nutrient Carl.-"10'~ero It ~s p "'s 'bl tl t b 
-.I v ... 0", 1. e la y the process of co-induction 

these organisms while deriving most of their grovlth requirements 

from the yeast extract~ also produced adaptive enzymes capable of 

attacking the morphine o The vlashed preparations v/ere passed to 

fresh tubes of morphine broth with and vlithout yeast extract. 

Results are p:r:esented in Table 110 Luxuriant grov/th of all six 

organisms occurred in yeast extract containing media while three 

organisms gre\'1 in plain morphine brotho Positive cultures were 

centrifuged, washed and passed to fresh tubes of the same media. 

As can be seen in Table 12, no growth ,.,as obtained in the morphine 

b roth min us 11 u trien ts 0 

I 

I 



r 
I 

-

r 
I 
{ 

1 

r 
l ' 

r 
[ 

[ 

[ 
.,. [ 

[ 

[ 

[ 

[ 

1 I 

------~.--

prepared~ 

, ,. 

16 

Series B 
WfJI~~""' 

S lant cultures of the ATCC organisms Vlere Fresh agar 

Grovlth was washed off the slants \·lith sterile distilled 

water and inocula were prepared by the normal centrifuge- waah 

procedure. 

containing 

Flanks containing enriched medium (I'IDE"'lO) and tubes 

blo lots of morphine broth (rlm-ll and Ml3 .. 12) and ono of 

enriched medium (r1BE ... 9) Vlore j.noculated, Results of this testing 

. abl 13 Four strains grew in un-enriched are presented ~n 'r e • 

morph ine broth 0 
Growt.b from all posi ti ve tubes was processed 

, IdentJ'.fication of the cultures vias by centrifuging and waslungo 

by the Roman Numerals listed in Table 13 and by the letter E if 

grmlth originated from en.riched mediumb Tubes of 11.8-11 (morphine 

broth) and IvIBE-10 (enriched morphine broth) were inoculated. 

Tab le 14 presents the data (Jcnerated in. ·this t.estingf As can 

be noted the results indicate grm.,th of certain strains in media 

in vlhich morphine sulfate was the sole carbon-nitrogen source. 

Further testing of these candidate organisms was not pursued 

under the contract due to the expiration of the contract periodo 
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Phase 3 - Turkish Soil Samnles 
IfWI1:I:Ut C'ftW"'G ~~ 

Three groups of soil samples collected from opium poppy 

fields in Turk.ey were received during the contract period. The 

methodology used and the results obtained on each group will be 

presented separat~ly. 

This group consisted of t'Vl0 soil samples received through the 

efforts of r ... aVl Enforcement Administration per:sonneL The soil was 

moist and impacted o No description of the collection sites accompanied 

the samples. Aliquots of the soil were collecte(] from fourteen 

different locations within the soil blocks. Each portion taJ~en 

vleighed approximately 200 grams g Numbers 1-14 'Vlere aasi gned randomly. 

Each portion \'las stored in a glasS'~ beaker in a moist chamber at room 
'. 

temperature 0 The remainder of the soil was stored in new plastic 

bags. 

Series #lA 
~=?C: .......".;tQIJ 

Aliquots of each of the fourteen samples 'Vlere added to individual 

250 ml.1 flasks containing 100 mI. of sterile phoGphate buffered saline 

(PBS) 0 The resultant soil suspellsions \'lere incubated and shaken on an 

incubator-shaker at 28°C e at 150 r:l?m for six hours 0 Supernatants of 

these soil extracts were used to inoculate a variety of agar media 

(Table lS). Poppy seeds ,"ere obtained from a local bakery and extracts 

of these \-Iere also used as inoculaa Large numbers of many different 

types of organisms \'lere recovered on this series of plate~C) These 

have nm! been separated into pure cultures and vii 11 be used in further 

inoculations 0 Before pure cultures 'Vlere achieved, passage of isolates 

to other rrcdia was effectedo 

, 
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The same soil extracts in PBS Vlere used as inocula for tubes 

of morphine broth and basal salts broth minus morphine. For growth 

results, see Tab le 16. GroHth from many of the soi 1 isolates was 

obtained in broth contain:i.ng 0.1% morphine. 0 There vias evidence of 

an inhibit:i.on of grovJth in broth media containing the higher level of 

morphine (i.e. 0.4% morphine sulfate). The poppy seed extracts yielded 

organisms "'hich grc:l\'1 luxuriantly in morphine broth. In addition, hOV1-

ever, these same isola'tes grew equally v7ell in basal bl:oth media 

containing no added nutrients l 

BroB1 to agar passage. of the MB-3 cultures of soil extracts 

and of the 1113-4 cultures of poppy seed extracts ~.Tas performed in order 

to obtain isolated colonies for the preparation of pure cultures. 

Eight different bacterial and five different fungal isolates were 

established in pure culture and used to inoculate morphine broth 

(Table 17). No grovlth of any of these isolates \'laS obtained, 

Series ~flB 
~X'5ll d:zee:c·.",,;,.~", 

The same soil extracts in PBS (Series *lA above) were used 

as inocula for flasJ~s of morphine broth 118-5 flasks were inoculated 

with soils #1-6. MB-6 flasks were inoculated with soils #7-13. These 

cultures were shaken on the incubator-shaker at 28°Co and 150 rpm for 

72 hours at ,.,hich tirne transfers Vlere made to agar media. Results of 

these trans fers are lis ted in Tab le 18" Agar colonies ,"ere picked and 

used to inoculate morphine broth lot HB-8 and enriched morphine broth 

lot l1BE-3. Perusal of Table 19 discloses the fact that although growth 

was obtained in the enric.1-ied morphine broth, no grovlth occurred in the 

identical medium minus the yeast extract enrichment. Three passages 

o£ the organisms in media containing progressively less yeast extract 

plus a constant concentration of morphin~ failed to demonstrate effective 

co-induction activity. 
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Thi~ group consisted of four soil samplos bt' .... o' a~ne d Jeh rough 

the efforts of our En~lish eiv~.~,J.·O!~. I f ;; .\ ..... 71.. n ormation as to the source of 

these soils is prosen'ced below ~ 

~~: 

Name of thG miner of the field: Abdullah Gus:lu 

Province: Afyon 

District: Herkez 

Sub-distri'ct: Izceh.i.sar 

Village: 

Previous CUltivation: Poppy 

Bag No~ 2: .. ~~ 
Name of the owner of the f~eld. H ... • asan Gen9 

P rovin ce : Afyon 

Distri ct: Herkez 

Sub-district: C;:obanlar 

Village: Atakoy 

Previous cultivation: Barley 

Name of the owner of the fJ.'e_'d'. 

P rovin ce ; Af'} on 

District: 9ay 

Sub·"district: ... -

Village: Pazaraga9 

Previous cUltivation: Poppy 

Fevzi Kara 

f 
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Name of the m·mer of the field: Halil Ibrahim Kulak 

Province z Afyon 

District: Bolvadin 

Sub-dist~ict2 --

village r 

Pr'eviotls cultivation: Poppy 

Initial processing of these four soil samples was by direct 

inoculntion into morphine broth 11B-9 and into the same medium to v/hich 

sterile yeast extract solution vias added to a final concentration of 

0
6

5%. Incubation on the shaker app~:r:-ai:!us was for a six day period with 

pass age to fresh flas].;;s of the s alne media. The se cond group of flask 

cultures ~vas incub ated for six days. Broth to agar passes from all 

sixteen flasks v(ere made as \'1e 11 as broth to broth tran.:. fers 0 Growth 

results appear in Table 20 0 Predominant organisms from the agar plates 

were isolated in pure culture and grovlth from the 1'1B-4 broth centrifuged 

and \1ashed e These ,.,.,ere used as inocula in a series of four successive 

transfers in media contai:r,ing successively Imler concentrations of 

yeast extract nutrients. No successful co-induction was achieved. 

,(Tables 21--24) 0 

Series 2B ~ Re]2rocessinq of HRC-E and LE-Soil 
~~ 1CI"""'Te"'£...,..tM~t' f :P'1ert=G1"' ......... "=vwnrmq- ~ 

Flasks of enriched morphine broth (MBE-4) were inoculated 

directly ,.,ith soil samples HRC-E #1-4 and LE ifl-8 and shaken at 27°C e .. 

150 rpm. for 5 days. No growth was obtained from LE 1 and 4. Twenty~ 

fi ve (25) ml ~ of the others ,.,ere cen tri fuged at 3000 rpm. for 5 min utes 

to remove '!:he soil particles. The supernates were collected in sterile 

tubes and utilized in one of two \,lays. (Parts A and B beloY/). 
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Part n. ---
Eight (8) mISe of each supernatant were centrifuged 

and washed t\'lice with Basal Salts l1edium III (,.,.lith 

recentrifuging each time at 10,000 rpm. for 20 minutes). 

The final pellets were dissolved in 10 mIl> of BS1'1 III and 

the resultant suspensions used to inoculate the follo\"ing 

cuI ture media. 

Ie Flasks of I.ffi-IO and 1I1]3E-5 were inoculated with grmvth 

suspensions from HRC 1- 4 and LE 2 and 6 c 

20 Tubes of LI1]3··10 and l\1BE"'5 ~'1ere inoculated vii th grmlth 

suspensions fromLE 3~ 5,7; 8. 

3 0 Plates of N~ 11 and A-9 vlere inoculated wi th gro,.,.,th 

suspensions from all ten soilso 

This experimental phase vIas designed to be a co-induction 

series in which the yeast extract nutrient concentration was to be 

successively decreased. The initial results obtained are tabulated 

in Table 25. These are the growth readings recorded on the seventh 

day post-inoculation. Grmvth had appeared after 48 hours incubation 

in the broth medium containing 084% yeast extract (l1BE-5) and aliquots 

O f all flask cultures were removed. • processed by the centrifuge-wash 

method, and used as inocula for morphine broth with and w'ithout yeast 

ex'l.ract. (Table 26) 0 This identical procedure was follo\'led on the 

seventh day 0 (Table 27) This sequential sampling \'las performed due to 

the fact that the time required by these organisms to produce adaptive 

enzymes under those conditions was not known. It \.,as postulated that 

t 
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it might be dGsirable to pass organisms, which have been adapted to 

morphine utili zation through co-induction; to media minus the added 

nutrient (yeast extract) before many gro'i'lth cycles occur. Therefore, 

saml?ling was performed both early and late vii thin the incubation 

period o 

study of Tables 25-27 reveals that no growth occurred in 

the morphine broth minus yeast extract~ Subsequent sequential 

transfers from the tubes of enriched media listed in these tables to 

morphine broth 'i'lith and vlithout yeast extract were made without any 

evidence of co-induction. This data is not presented in t?..bular form. 

Part 13 
u~ ... ,,,...,, C L' I 

The supernatants following the 101'1 speed centrifugation 

vJere used as inocula \'lithout further centrifuge~vlash treatrrente Tubes 

of MB-lO and HDE-5 and plates of H-ll (morphine agar) and EH-l 

(enriched morphine agar) were inoculated and incubated for 7 days. 

Results are presented in Table 28 0 

The gro'Vlth from the M-ll plates was pooled by combining 

loops full of each in 10 mL of 13S11 III and using the resulting 

suspension to inoculate one flask each of HB-IO and N13E-6 and agar 

rredia as listed in Table 29 0 Subsequent transfers of the three 

organisms recovered from the enriched agar medium EM-l and of two 

different organisms isolated from the M13E~6 flask failed to result in 

the development of candidate organisms. 

. " 
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Group #3 - Soil Obtained Via HRC-Baltimore 
.......... IQIrI:J •. N'c'&CI ~"",. _~~ 

'1,\.,0 soil samples from opium poppy fie Ids in Turkey 'i'lere 

obtained through contacts developed by HRC-BaH:.imore personnel 

The samples were coded Afyon and 13ayat for purposes of our study 

as these 'i.,ere the names of the Turkish provinces from vlhich they 

were obtained. 

f Just prior to the receipt of these samples I an experirrent was 

performed in 'i'lhich the pH of the soil samples received to date was 

determined. Upon receipt of the new samples, their pH \<Tas also 

measured o Results appear in Table 30 0 Since the majority of the 

soi 1 samples gave a pH reaction of above 8 0 0 p nevi culture media 

preparations 'i'lere prepared in which the final pH was adj usted to 

pH 8.2 6 (See media ~tHB-ll, ~1BE-8p HBE-9, and BBE-IO in materials 

section at beginning of this report) 0 A contro]. medium (NB-12) i'laS 

prepared at the same time & The pH of this medium \'las adj usted to 7.1. 

Ini tial processing of the HRC-B soil samples was by the follmling 

procedure 0 Tvlenty grams of the bJO soils were added to flasks of 

MBE-8 broth. These flasks ~"ere incubated for 7 days on the shaker 

apparatus. The soil particles were removed by 10i., speed centrifugation 

and the resulting supernatants processed by the normal centrifuge _ 

wash procedure. The washed cells were then inoculated into flasks 

of HB-Il, MB-12, and HDE-IO 0 Follmving a 7 day incubation period, 

grm.,th was obtained in the enriched medium only (Table 31). The two 

positive cultures were processed by the centrifuge -wash method and 

used to inoculate HE-ll, 1'1B~12 and H13E-9 rnedia, After two passages in 
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enriched morphine broth, gro'o'lth vIas obtained in the two non-enriched 

morphine broth. 1'1ininal growth occurred in the medium adjusted to 

pH 7.1. A greater amount of growth was obtained in the medium 

adjusted to pH B.26 See Table 32 for these results. 

Gro-wth from the positive morphine broth and enriched morphine 

broth tubes was used to inoculate fresh media. after the normal 

centrifuge-vlash processing. Sorre grovlth was obtained in morphine 

broth without added nutrients. (Table 33). The contract period 

expired before continued vlOrk with these organisms could be undertaken. 

£he~§--!i ... ll£!~::':'FeA ,S~L"L~~ 
Aliquots of the two LE soils were combined as were aliquots 

of the four HRC-E soils ~ Each pool ,..,as packed in large glass be~ers, 

\.,rhich vlere stored in a moist chamber. Horphine sulfate solution was 

added to each pool at 10 day intervals. After three morphine "feedings II , 

soil samples t,.,ere taken from three sites in each pool. Area in wh.i.ch 

dried morphine had concentrated \.,ere selected~ Flas]~s of MB-ll and 

!>'lBE-B were inoculated and'shaken for 6 days' prior to harvesting the 

growth by the centrifuge-,.,ash method, The resulting organism pellets 

were suspended in H13-l2 and used' to inoculate tubes of MB-ll, HB-12 

aI1.d r.1BE-B. Results in Table 34 show that moderate amounts of 

turbidity did occu:r:: in sorre of the non-enriched morphine broths. The 

contract period expired before further pursuit of these findings could 

be initiated. 

\' I" ! II • ! 

! U 

i" 
I" 
I ! ! 
II 
1.1 

1.1 

II 

SUHHARY OF RESULTS 
tz:.:.:;;c'''''"''='I0' = 0'_" CSt .............. ,'==-.... 

The data generated during t~e contract period is 

summarized in the Summary section immediately preceding 

the Table of contents at the beginning of this reporto 
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26 
Growt.h Her:u1ts of PEcudomonnG Dtrn:i.ns ... ,ith and without 

Narcotics 

prgal1i5mS Culture l1edia* 
HIF# 

h-1 C-1 11-2 
Day 3 7 

2 - +** - + - + 

3 - + - + - -
4- - ~ - - - -

1----- . 
5 + + + + + + 

6 - - - - - -
7 

; - - - ~ - -
8 - + - + - + 

9 - - - - - -
10 + + + - - - -
11 - - - - - -
12 - + - + - + 

13 - - - - - -
14 - + - + - + 

15 + - - - - -
16 - - - - - -
17 .. + - + - + 

+ J.8 - - + - -
19 - - - - - -
20 - - - - - -
23 - - - - - -
24 - - - - - -
25 + + + I - - - -
26 - - - - - ---

-I-
27 - - - + - -
28 - - - - - -
29 - - - - - -

+ 30 - - - - - -
31 + colony+ + - - -, 

1 L 32 - + - +- - + 

-I: Key to. cuI t1.lrc n\cc:Jin d'~f;igno.tion in ,,11 tubIcs -

A ::: !-.oar r.:nc1ium without uodeel n,xcotic 
H - J'9<!t- r;_,--~!~.u:n C"_~r.l~'-'.L;1illg 1:-.0'::pi!;.L'~ culf:l'ce (0.2%) 
C ;-..! :t1,:r : .... : .... l.U!!l' cl ... l1~~.· .. ~~.n<! CC~"i::ln': (u.:;~) 

D :': J.r;<;l: ::.cuiUril oont-.\.i.nir:g c1il~udJc1 (O.2~~) 
HE:: .Z,')LlL' rr.'.:di lun cunt,li nin(J m·:;thil<]or.,3 (0. :;~) 

Numncrs r:cfol:' -\.:o vQr.i.c,u:~ bo,tchc!:; ot these mcdiil. 

I 

D-1 HE-1 

-
-
-
+ 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

+ - + 

+ - ± 

- - -
+ - + 

- - -
- - -
+ - + 

- - -
- - -
- - -
+ - -
- - -
+ - + 
+ - - -
- - -
+ - + -

+ - - -
- - -
- .. -
- .. -
- - -
+ + - -
- - -
- - -

-- - -
- - -
- - -
- - -
+- j - + 

+ == 1 \1~~):i.:\!1!.:. qlx"'rth 
+ - r"lllJ.INtl ~jroWL.h 

rio gro",-th 

;, f 
j j , 
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Table 2' Gro-,rl:.h KI'l:1ultc; of Firat Passage of Pseudomonas 
GrowL:h from Prim;:'!ry Plates. 

Note: 71.11 positives ?btained on plates of the primary 
sories (Tublc 1) ",er.e tranDfr:.rred to homologous 
media. GrowL:h results or this passage are pre
sented in Tao1e .2 ,I 

culture HediUln 
:)t'ganism '"' , ~'1-2 D-1 

I 

l-IIP# A-.!. '.".-.l. 

2 

3 

5 

8 

10 

12 

14 

15 

17 

18 

25 

27 

30 

31 

32 

.* 

))i.17 3 
., -

+ +* -
- - -
+ + + 

- - -
- ± -
- - -
- + -
+ + 

1- ;- -
,. + + 

+ + + 

+ + + 

- -
+ + + 

- + + 

Grm'rth Symbols 

+ :;: T.Ju.-,.mr.iant gro,·rl:.h 
+ - !'linimal 9ro\-I"I:.h 

:;: No 9roi1th 

- - - - -
- - - -
+ + + -

- + + - -
- + + 

- - + - -
+ + + - + 

- -
+ - - ± - + 
,. 
+ I + + + + 

+ I + 

I 
+ I + + I 
+ + + + + 

27 

Y.E-l 

-
-
-
+ 

+ 

-
+ 

+ 

t 

-
-
-
+ 

+ 

-
I 

+ 

+ 

+ 

11 
"[1 

ifl: Ii 
') 
I , 
I 
II 
I 

------------------ ---------------------

H ! t 

II 
" ( 

I 
II I ! 

I 

! 

1 

ill 
/1 
! 

11 I 

'l 
1. 

I : I 

[I 
, 11 

III 

II U 

n~ 
llJ 

n 

9 

10 

11 

Tnhlc 3-
Growth Re~ulls of n Variety of I\Ucroorg,lnlsm9 on 

New Ag.!r ~.lediu Furmulntions 

Cu!cul"e :-'1,,1,;1 
11-.1 A-.J 

.\ 7 

12' 1 2 

28 

,,1-5 Illood 

,I -1 - - --23 -I ~ 

-1 -I - - --2:1 -24 
+ 2 12 - - --J3 +3 4 

+ 2 - 1 - - 1 3 + J 4 

+ 2 + J - - 1 3 4 4 

+ 2 -I- 2 - - 1 4 + 4 --;c--
-·--~J?2-----lI---I~~2-l~I'-~2-r~-~--_~-r--------~-'I--·3.i·--~1--~2~--4~~ 

13 - - - - - - - - - - - - 4(i'ot 

14 1 2 

15 + 2 

16 
19 1 3 
20 1 

1 2 

1 2 

- 1 
1 3 

Isol 1 
Col. 

Pscudo) 
- - 1 3 + 2 4 

- - + 4 2 4 

- - 1 3 4 
- - 1 -, 2 

- - 1 2 3 4 

__ -.2;.,5:-___ t--,I __ ,2,--1--;:-.1 __ .;;2--1 __ -____ -__ 4--,-;--___ -+..;2:-...::;3 2·, 4 
26 1 2 1 2 - - '/ - 2 4 -1--'-1 ---'-.!~---'-,I-

1_---;2,..,:1 ____ -t __ 1 2 1 1 - - ? - 2 3 2 ·1 ~ 
31 Tl--~2--i~I'-'2~1--------_--~~_~_ 2 3 2 4 4 
33 1 2 + 2 - - ----·-----+'2.---4:;--1--",2--...,.'-1--;4:--1 

Ps 
p'ltida 12G33 
~I 17390 

Orn:llnental 
4 

Poppy Seeds 2 4 2 '3 - - - - 3 4 3 4 4) 

~.----S~~ ___ r-~I--~3,_~I~~2~i_---------·~--~---r·~3~-4~--~2--...;3~--~~) ___ I 
Wnter 1 2 1 2 - - - - 3 -\ 2 3 4) mixed 
Leaves ---'.j2'-:3~-j--ii2-":;3i-t-:----~-~+--------+"';3~"':;'4+""";3~~4+~.J~)--l 

Kramer 
Cesspool A 1 2 1 2 1 + 2 2 1 1 4 

L1 1 1 1 2 + 1 2 2 1 1 

Jones Faiil; s,i--------t----+--------j-------l-------l------+-----I 
Waler - X - 3 col. - - + Spreac cr 

30 Few 1O 1 50· 
C J + Col. 4) 

\ - l ) 
I--------t-------+-----l----~_!_-----l-----l-----..-;--~):.....-ltnixed -

z I 2 2 I 2 3 I - ~~;~ I 1 1 I 3 .11 2 ·1 I .J ) 

- Col. - Col. -y 

-~oc. 6/7/7J ! I ! rl--~~Tl~--·~!r: ~~~~I--~--+I 

• C;\,ow(h ~;\;lIIf:fll'l 

Rl,·ii,;:t~i·-i ':';'I:-'t;; ''l',all!it.JliH' C'sllnHl(()s of /11'{)wth. 
aJ :: l.lft p.o.,( .J1I'l' 1111 01 '''Il'.qh 

1 .... }o1I.,tllt·'.t 11!1!tlllltf til ~~rllv'lll 

+ " Q· .. ·;.'lo:lahh· glln!lI 
'i\d. 1~.fJt.lh.'d (,'tllfH~h"~i 
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TABLE 4 ---
GRm-7TH HESULTS OF SECOND PASSAGE OF PSEUDOMONJI.S GROWTH 
"1!d" db ..... ~~ .... "* ~ u:a...,.... ere t rt .... 01":0 ..... ..,. '!IV it ., t 1 ......... ,. 

Since groVTth \'las obtained on morphine agar \'lith 
3 Pseudomonas strains \'lhich did not gro\'l on the 
agar control plates I this growth was transferred 
to fresh plates of both morphine agar and agar 
control plates. Results are presented in this Table6 

Culture Hedia 
~.~ tlIbIJI:5IWW· ........ ,."-'SOOGtlNUL: CT~O!oI~!een .... __ ...".. ".,,, e ~~ __ ... t""''''''''' ... c ... _..,<=_ .... ''''''r..".,''''''''' .... ",,_ ..... _b .. • ... ''bn# __ 

Organism H-2 
......... "",.. ........... ThaA ... $1' DJ!ta;. '* 'dt" 

~"'~"'.' _____ !"""_."",,<n_' __ u;,F"'==r_d'''''''0'''''..-__ ... '=., ..... * ____ =~ ..... "" ..... I= ... Iwe'C"""""'# ......... HtJr ... • ............ ' ... ·k ...... ___ ... 

HIP - 8 + + 

___ ' .... ---... = ... -_ ......... -.. ..... ,,:..;._ .... , _ .......... a.' ...... _' tr __ ,_·-.....-_-="" ..... __ .~_-_ ... __ t1't""n .... ___ -.. __ "_"= .... ""' .... e.,..,..."' .... , __ w ... ·_ ... __ 'n ..... __ _ 

HIP - 10 + + 

___ C' .. IR01_. __ ...... _.""' .. __ ..-.... ___ ... n ........ ·= .... _________ ........ _,~ t. cureten. .... . .w.,.. rfo .... 'tup -
HIP - 12 + + 

--.... -----""""'" .... ---............ ----_g ~.,.' .......... '""' ........... ~ ___ ..-_ .. ""'san.::. ... _ ................... ___ ...... _,,.,.,,..,.-.. ... ' .... ' _~._.. " 

Corfu"i~l1 ts : 

. ... ~. 

These reGulta indicD.tod that the organisms '-lere 
utilizing the agar molecule as a carbon source. 

.. ... - ••••• <~- ~,~-..",. -...,."'~'"~"_. ~n_'_ ,, ___ -,' 

" 

... 

I 
I 
i 

I 

I 
) 

I 
l! 
1:1 

I 
I 

I 
r 
I 
I" 

i 
\". 

; . 

___ I • ________________ _ 

1 

IP .,' ..... 

i ~M 
'I 'ill :UJj 

.L ~~ 
.i n~ 
iJ Wf 

~~-~-~-----.- -_._--
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TADLE SA 
=-= .... 

GROI'ITH RES.ULTS OF PSEUDOtlOI~A"J 
. STRAINS IN BROT/l' !IEDIA 

. - ....... .,.,.. 

4* 
leffi- 2 

~---..... -.... ---
3 

4 

5 

6 

7 

B 

9 

.10 

11 

12 

13 

14 

15 

16 

19 

20 

25 

26 

27 

31 

33 

4 

4 

4 

<1 

4 

4 

<1 

4 

<1 

1 

4 

4 

4 

4 

1 

1 

4 

4 

4 

4 

1 

1 

4 

4 

4 

4 

4 

4 

4 

<1 

4 

4 

1 

4 

4 

4 

4 

1 

:l 
4 

4 

4 

4 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1IoAJ ....... ·~:Gr:~~s~~~~:~~~~l~S~----------------------------------~------------------
4 = 1·la>:imum t.urbidity 
1 = Slight turbidity 

Comrrentl Those tubes of morphine b th I' . 
inoculate additionul cult: ro s l?lcJl.llg turbl.dity \'li 11 be used to 

ure n-cdl.tl.. (see ',['able 51.1) 

, 
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TABLE 5.13 -- ... 

GRONTH RESULTS OF SECONDARY PASSAGE 
........ #1> • ..,.. ... ='.. ..~ auUSiJl .... 11 

' ____ ..... _. _ .. _. __ .. ,,_," ..... _7 ___ .. ___ e~....... f---"~ _I1II''III'''''uattr 
~'fI'rt 

From 
1m-l l.m ... 2 "..t.tII.U ____ ...;._ .... _...;.~N_PA .... __ ... = __ ... __ " .... _ ... $I;,~_ ........... _-'"' ..... """' .... __ ."" ____ "'""'"', ... ZW:l ... __ ._ ..... __ _ 

H1.P··15 1·lB-1 

HIP-15 1'1.13-2 

HIP-16 HB-l 

HIP-16 M.13-2 

IIIP-19 1'1.13-2 .' 

HIP-20 J'lID-2 

HIP-25 MB-2 

HIP-26 1'1.13-2 

HIP-27 M.13-2 

HIP-31 MB~2 

HIP-33 HB-2 

... 

-

... 

t r 
I 

I j 
1 

i , 
1 I j 

~ ! ; i: 

, ] 
t 

rn 
, 

~. ~ 
• 

W f'i 

W I'! 

. : 
m < 

: 

ill 11 
i i \ 

, 

ill i , ' ) 1 
, 
i 

ill ld 

rn Ii 

rn 

~ 

~ l 
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TABLE 6 

Broth to Aqar Trnnsfers of Pseudomonas Strains 

Broth ~1edium Organism 
(Source .:of Designation Ag,ar r1edia 
Inoculum) A-2 1\-3 H-3 :1-4 

Day - 7 
HB-1 HIP-1S -2"* 2 2 colonies 

16 1 1 

HB-2 15 2 1 2 1 

16 1 1 

19 1 1 2 1 colony 
~- . 

20 1 1 1 1 

25 2 1 2 1 

26 1 1 1 J. 

27 1 1 1 1 ---
31 1 1 1 1 

33 1 1 colonY 1 5 colonies -p 
PonD'! root 3 2 1 3 

• l ...... ~ 

P 001)"1 Hater 3 1 1 3 
.... t ....... 

POnDY seed 2 1 1 3 
~. 

pOl(1?Y leaf 3 2 3 2 

Kramer A 2 1 1 2 -

Krnmer .13 1 1 1 1 

[ 

[ i 

[ 

I I • 
I i 

~ ~ , . 

m 
, 

m ill 

n 

* Numbers refer to quantitative estimate of grmlth. 

1 I ,-
.. ' .-



f I 

.' , 

------~--- -

l 
I , 
: 

ORG 
1 

:# A-6 A-7 M - 6 i A - 5 
i Day 4 18 

. 
1 i I - - - - - - - -

i 

i 2 - - - - - - - -
, 

3 - - - - - - - -
: 

I 4 - ., - - - - - -
! , 
i 5 1* 1 - - 2 4 - -
t 

i 
6 2 3 2 2 3 3 2 2 

I 
I 7 1 1 1 1 1 1 1 1 
.. 
I 

I 8 2 2 2 2 2 2 2 2 
I .-
I 9 2 2 2 2 2 2 2 3 
I 

10 2 3 2 2 3 3 2 2 

11 2 3 2 2 3 3 2 3 
1 .L 2-2 

12 Col. Col. - - - - Col. Col. 

I I 

~~ ~~-- -----~-----------------<,'--~~ 

( 

M - 7 

- -

- -

- -

- -

- -
1 2 

1 1 

2 2 

2 2 

2 3 

2 3 

- -

« n a li IT ~ 1 il ] " .. 

TABLE ~t7 
GROWTH RESULTS ON NEW MEDIA FORMULATIONS 

USING A VARIETI OF INOCULA 

MEDIUM NO. 

M - 8 P - 1 M-6/ M-7/ M-8/ P-l/ 
/A-5 /A-6 /A-7 /A-7 

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

1 4 3 3 - 1 - - 2 2 2 4 

·3 3 2 2 2 2 1 1 3 3 2 2 

1 1 1 1 1 1 - - 1 1 1 1 

2 2 2 2 2 2 1 2 1 1 1 1 

2 2 2 3 2 2 2 2 2 3 2 2 

3 3 3 2 3 3 2 2 3 S 2 2 

3 3 3 4 ~ 3 2 2 3 3 2 2 
2-3 -2- '- -H 2 I 2 

Col. Col. - Col. Col. Col. - - Col. Col ::: Col. 

I 

11 - n ... 0 .. ...: .... l.i 

.. 
5.:" 

M-6/ M-7/ AE-l AE-2 
/AE-l /AE-2 

- - - - - - - -
- - - - - - - -

'r 4 
- - Col. Col. - - - -

- - - - - - 1 1 

4 4 4 4 4 4 4 .4 
-

4 4 4 4 4 4 4 4 

4 4 4 4 

4 4 4 4 

4 4 4 4 

4 4 4 4 

4 4 4 4 

S 4 3 3 4 2 3 

*i'\umbers refer to qUDntitc'ltive estimates of growth. Code to InoclJla 
1 - Narcotic cabinet dust 4N-l 
2= 4N-2 
3= 5N-I 
4 = 5N-2 
5 = Bacillus contaminant 
6 = Arthrobacter oll:ydans 

-. 

7 = Pseudomonas putida 17484 
8 = Poppy plant seed (from M-3) 
9 = Poppy plant root (from M-3) 

10 = Poppy plant water (from M-3) 
1-1 = Pond water - tadpole (from M-S) 
1 2 = Cladosporium cladospot'oides 6';21 

... CJ::iI 
l.I ~.i 

H-5 

- -
- -

- -

- -

1 3 

.'3 4 

2 2 

3 .3 

3 3 

3 3 

3 3 

2 2 

-a 

w 
w 

l"'I 
:CJ 

, 

, 

. J 

[! 

..... 
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TZ\.13LE 8 . 
GJ~ONT!I R,SSULTS OF 1I.TCC CULTURES O;~ A VARIETY OF l\GJl..R HEDIi'\. 

Test Orqanism 
A B C D" E F G II 

He c1i um No. 6721 11922 11934 14358 16275 16287 17484 20160 
DC1Y 7 

1\-5 3 Grey 1* 2 1 2 2 1 2 

1\-6 2+ Grey 1 1 1 1 1 + 1 -
A-7 3 Grey 1 2 1 

~1-6 3 'Grey 1 2 1 2 1 J. 2 

1-1-7 1 t. + 2 2 + 1 

i'l-8 3 Lt. I3rOi'Tn 1 2 2 2 2 1 2 

P-1 3 Grey 2 1 1 2~·1 1 2 1 

H-6/1\-5 3 Grey: 1 2 2 211 2 1 2 

1-1-7/7\-6 2 Lt. Brm.,rn + 1 1 1 t. 1 + 
> ... &:.\.~ 

H-8/A-7 3 Lt. Brovln 1 2 2 2 2 + 2 

P-l/A-7 3 Grev , 1 2 2 2 2 1 2 

tl-6/AE-l 4+I3rmTn 4 4 4 3!·1 3 3 3 

£1-7/AE-2 4+F~roi'ln 4 4 4 3+l'·1 3+ 3+ 3+ 

l\B-l 4+Brol.vn 4' 4 . 4 4 4 4 4 \ 

AI~-2 4 J3roi'ln 4 4 <1 4 4 4 4 

H-S . 4+Brmvn 3 3 3 2 2 1 2 w 
,/:)0. 

it = I~umbers refer to quantitative estimates of grmvth . 

N = mycelial grmvth 

r .1 
..-' 

..... 
,,* .... " 
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TABLE 9 

AGAR TO BROTH TRlmSFERS OF ATCC ORGANIS~iS 

Inocula Broth Hedia 

nm;;-3 Sou!:'ce ?-m-7 f'1T1E-2 ;m- 8 
~~~~--~-------~~~--~--------------------------------------------------------------------------------DeW 5 9 

"" ".!- P A - - + Black T'~old - - + ..... OJ 

B - - + P<lrticul(1.t:c gro1.·lth- - + 

C - - + Sliny qrOlith - - + 'As for ~.mL-2 

D - - + Thready qrmT,!:h I 2 , but much heavier T 

E - - + 3 Turbidity - - + qr(~J\'lth in these , 

F - - + 2 II - - + MDE-3 tuhes 

G - - + 4 " - - + 

H - - + 3 " - - + - l>' 

:·1-6/AE-I A 

B Same Same 

C SIt. turbidity as as 

D 1 2 above 1 1 above 

E 

F 

G 

II 

, 
_VI 

.:: .. 

'I I 

W 
\.11 

• J 

\ 

, 

, 

" 
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TABLE 10 

RESULTS OF BLIND P]I.SSAGE (BROTH TO AGA~) OF ARTHROBACTER OY~!\~~S, ATCC-14358 

Culture Hedia 
Inoculated 

l' .. gar A-8 

1-1-9 

Broth r-IDE-3 

aU-7 

HB-8 

Day 

t>1B-7 6G D 

tl 
4+ pinl?oint 

4+ pinpoint 

2+ turbidity 

HB-8 GG D 

4+ 9 inpoint 

4+ pinpoint 

4+ turbidity 

, 

, 
,,"" t;; = 

HB-8 8 D 

4+ pinpoint 

,4+ pinpoint 

3+ turbidity 

"·1 

\ 

I , 
i 

' .... 
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TABLI; 11 . 

RESULTS OF TRi\~ISFERS FHO'! ENRICHED t'lORPtII~m BROTH TO ~10RPHINE BASAL 
BROTH XlD E:~RICHED BROTH (lI'rCC ORGAllIS:1S) 

Inocula 

Da}~ 3 
6 C 

D 

E 

F 

G 

H 

Contaminant 

Broth !1edia 
H!3-7 HB-8 

1 

2 1 

1 2 

HBE-3 

" 
3 

3 

3 

2 

4 

3 

3 

,e~3\!._.::.:::::::;;::::t:;~~~~--~~'~~---"-··"~··"~" -<' ,"--•• < •• '~ - --'- ~--L., __ '.:~'_'" __ ""'_~ __ ' ---~7~'~~~~';,~~:.:,:,~.-'::.:!~~'::7.::::::::::7::::~::~'Y'".·~_~:·;,·,-~-

f I .. , " 

. . ' 
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TABLE 12 ...... 

RESULTS OF SECONDARY PASSAGE OF POSITIVE TUBES 
.M ·n...,., _""".ISM 'O· ....... onoc;r»" "'1tW. ""'"t·,st:M-"1H. 

OF TABLE 11 TO HORPHINE BASAL BHOTH k~D 
t. 'Il .,:~ .... II .,T rt'"F .... cpr. Ull .~V'- .~ 

ENRICHED BROTH (ATCC ORG)\NIS11S) 
CaGua' '.....,,~ACZ'.. .",..,...,~ 

(Numbers = Quantitative Estimates of Growth) 

Inoculum Broth Hedia ·t .. t..=e-y ....... r v........... "';1"$ ~ .... ,.,,,.,.=""""' ___ ..,,....,._r_ ......... _. __ -s .... · .. ,;;;·_;..;;.;;;..; .. ;;;.:;.w,;,."O..;..· ~~l!mnnm"""bC ....... < ~_._, _" __ ....... _____ ""'''' .... H ....... __ _ 

Hedium Code HB ... 7 ... _.....,;;==~' ;,;;_ ........ , .. _.YQ .... "' __ ;;.C;;a_';O;·O;'k~ ..... _ ....... q_ ... ____ r .,.,....".,st .... ~ ... 

HBE-3 6C 

HBE-3 6D 

HBE-3 6E -
MBE-3 6F 

HBE-3 6G 

MB-7 6D 

MB-7 6G 

HB-7 6H 

MBE-3 
~.., en vms' 'Ot1t1'~..MI:I ... ___ ....... "'"'rel1?t'_ .. ,.=eeee_'· _ .. 

4 

4 

4 

4 

4 

4 

4 

4 
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TA:JLE 13 
.... ~1 .. 

, I' FIRST PASSAGE OF l\TCC ORGAlHSJ:.1S IN SERIES B o.to:I"'''' ,.~. I C *.~I!........ .............. ~.' ",,'e"""':;:_ 1" ...,--... 

~. 
(Numbers = Quantitative Estimates of Grm.,th) 

I' 
«~ 

Broth Hedia 
rn'3tf~I"~--=-Tm'":"l~~ e" ___ 

~~~ 
F 1 as}cs Tubes Tubes Tubes 

.......... , rv~(azre'L ... "tc!' n """'Sl:dW;d g,. art,'iIOla'W' ft,J'$C'O% 
zS1'ntL:=tJ,....·WJ'O'!:Ot: 

I Pseudomonas SPe 4 1 3 4 

11922 

~. II Arth rob acte r oxydaJl.s 4 ... - 4 

14358 (MBE- 3 8D) 

[ • c'-
III Pseudomonas putida 4 2 4 

17484 

[ IV Arth rob acte r oxydans 
14358 

I~, 
" 

I~ 

I~ 

V po1yporus sanguineus 4 .4 

20160 

VI po1yporus sanguineus 4 1 2 4 

11934 

VII Cladosporium 4 3 3 4 

C1adosporioides 6721 
(f-ffiE-3 8A) 

( VIII C1adospori um 4 4 

C1adosporioides 6721 

" ( 
., 

I 
I 

. 
I 
I 

, .~~ 
Y.J. . " .-

r~ 

\ 
t 

.. 
an.e 1 

r 

. , 

(Numbers 

I-E 

II-E 

III 

III-E 

V-E 

VI 

VI-E 

VII 

VII-E 

VIII-E 

TABLE 14 - ........,.....,... 

~E.CONl2,.. .. :r_¥SAC]l3 OF ATCC ORGANISltS IN SERIES B 
... I'r .... 

= Quantitative Estimates of Growth) 

2 

1 

-
+ -
2 

2 

3 

1 

3 

4 

3 

4 

4 

4 

4 

40 
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TAl3LE 15 
RESULT OF INITIAL PLATING OF WRKISH SOIL AND 

POppy SEED EXTRACTS 

CULTURE MEDIA 

Sample -# 

Day 
Soil 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
Poppy 
Seed 15 
Extract 

16 

A-5 

5 
5* 

5 

25 

1 

20 

25 

5 

3 

A-6 

2 

30 

1 

5 

15 

10 

100 (96% pure) 3 (P4re) 

6 (1 Mold) 6 

3 (1 Mold) 3 

13 (1 Mold) 25 (3 Mold) 

2'0 (1 Mold) 15 (3 Mold) 

3 (1 Mold) 1 

1 1 

0 0 

M-6 M-7 

5 1 

20 20 

150 90 

5 1 

10 10 (1 Mold) 

5 10 

10 1 

1 

13 (1Ig. Mold) 6 (sev. Mold) 

6 1 

5 1 

15 6 

50 25 

1 2 (1 Mold) 

0 1 Mold 

0 0 

" ,-- _~:: .. ~;'.--. -: ___ ~::~~n:!::~~-:~=;:.:.i~E::EB .. J2~ml:J~E.gf, SR!gn!!::§J:?,~t pl,Cl;!e ~. -_ .. - ~ 

. 
- , 

M-8 P-l 

10 (1 Mold) 10 

15 7 

40 150 

1 Mold 

15 15 

35 25 

10 

9 2 Mold 

6 3 (2 mold) 

12 8 

6 5 ' 

12 20 

18 50 

5 3 

1 o 

0 o 

, 

AE-1 AE-2 

20 Lg. Mix 25 Lg. Mix 

30 Lg. Mix 35 Lg. Mix 

200 Med. Mix 100 Mix 

20 Mix 4 MLx 

15 Lg. Mix 10 Mix 

25 Lg. Mix, 25 Lg. i\Ex 

20 Lg. Mix 10 Lg. Mix 

18 Lg. Mix 20 Lg. MLx 

31 Lg. Mix 12 

20 Mix 30 

25 Mix 30 \ 

20 Mix 30 

4 (Lg. & 
30 o Spreader) ~ 

...... 
8 15 

1 3 

o o 



I 
I 

TABLE l.6.. 

42 
i 
i 
I ~ RESULTS OF DIRECT I110CULATIOL1 OF BROTH !-1.EDIA I 
J' 

~'7ITII I 
I TURKISH SOIL A~1D POppy SI::ED EXTRACTS ! 

I 
i ~ 
I 

I ~ , 
Broth r1e di a I 

Inocula ?ffi-1 HB-3 1ll3-4 BB-3 [, I (0. 1% !lorphine r 
Su1::atc) (0.1% !1.S. (0.4% !~.S.) (no !,~,S.) I 

,

------D-a)-,7 -....;..l=O~-.:.--~~·-.;;.~~-.-:..;.....;...-.-~.;;...;....-..;....;...;;;....;;~...;....;..-----r 

I Soil I Extract 

I 
I 
[ 

I 
I 

--

1 

2 1 

3 

4 1 

9 1 

14 

17 

18 

19 

1 
, . 

t 
1 2 

2 

1 ... 

4 mo1o. 

2 :'1 

2tt&T 

I::: " 

3!1 

3 ~1 

4!'1 
----------------------~------,~ 

H :::: mold 
'r - t urlJic1i. ty 

I 7: - numlJcr:, indi C<l tc turbidi t'/ \'Ii thout shn.Jdng 
1'-; -1.~ - It It.~.J\.!l.:·.'': 4~~j ~ .. L "~:"4~ ''; ~·.~·~:'~1 t ()I: 1.~ ; .. L(: lj rc .... )~, l 

., ~ .• "~..o."-,, -,_.c . .;., .. ~: " ."~ " 

" 
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TABLE 17 
"nes KP'C""" 

Q.gQU£ .. ",QF=.r:URE . .£ur../I:EP~-l§.Q.~'!'I:l.S F~SOIrJ IN MORPHINE PROTH 

(10 DAYS INCUBATION) 
~D::IN""'"'tttI"' ___ ... 

LE Soil MB-3 
~Fe -f~1!.l:!~_·~ ..... ~ ..... _ ....... = ..... " ___ .... , .... 0_ .. ___ ! 0 , 1 % 11

0 
__ 8 ..... .,;.,1-_____ (n ~4 S}: 4 >,A S ) 

~.---= _=-e.".~~' .... 
Bacterial 1 

2 

3 

4 

5 

6 

7 

8 

Fungal 12 

2 

3 .. 
4 -
5 



,. '-........ .. 
I I , 

;.& Tl\l3LE lB. 

r BROTH TO AGAR TRA:~SFERS :?RO!1 ~10RoHINE BROTH 
TURlaSH SOIL EXT !U\.CT S 

r Cultur~ ~'1edia 
. 

Sample Jl. A-5 H-8/A-7 11 r Eic:t,? B-
'. 

Soil 1 2* nixed 1 !·1ixed 1 

r 2 2 " 3 " 1 

3 2 n 2 tI 1 [ 
4 " 3 " 1 3 

[ 5 3 " 3 II 2 

6 2 " 2 " 1 

[ 7 3 " 4 11 2 

[ 8 3 " 4 " 2 

9 4 n 3 II 2 

[ 10 2 .. 3 II 2 

11 2 " 3 " 2 

[ 12 3 II 3 II 2 

[ 13 4 " 3 " 2 

~ [ 
* Nunbers refer to quantitative estimates of 

[ 

[ 

[ 

\ [ ~ 1 
I 

[ . :. 

< ......... -"',...,,~,-- •••• ,. 

.''1.... 

n .. JI ... 
44 t· 

t 

t 

INOCULATED ''lITH 

H-9 H-IO 

Hixed 1 Hixed 

" 1 " 

" 1 " 

" 1 II 

II 1 II 

n 1 " 
n 2. 11 

" 2 II 

II 2 " 
n 2 II 

II 2 " 

" 2 " 
II 1 II 

growth 

I 

,i 

G 

I i IJ 
tl r.-

,II 

III 

'I I I ip 
rr u ~ 

I" 
lU 
! 

1 [~ i } I 
; t.tJ , 
1 !r 'U 
,~ 

~ 

~ 
tr 
~l~ 
w 

ffi u 
ill (I 

m ~, r 

ill 

~ i ~ 

n 

TABLE 19 

AGAR TO BROTH TRANSFERS OF ISOLATES FROB LE SOIL 

Soil 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

HUl'nbers :::: 

... 
... 

Quantitative :estimates of Grovlth 

4 

3 

4 

3 

4 

4 

3 

2 

4 

4 

2 

4 

45 
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TABLE 20 .. ... 
GROW'l'H OF HRC-~ SOIL ON BOTH S'2LID AND L}QUID !-lEDIA 

f\FTER ONE lIND Ti10 PASSAGES IN SHAKER FLASKS 

Culture Media 

+ or 

--------------- ------ -----------

·1 

II 

f I 
I

i 
I 

47 

TABLE 21 

FIRST PASSAGE OF PURE CULTURE_~GAR ISOLA!~D HIXED CULTU.B:E BRq'l1I,,}SOLATES OF HliC-E SOIL 

IN CO-IN~UCTION SERIES 

Broth Media 
________ ~ ______________________________ ~_d _____ ~'d __ · __________ __ 

Code Passage Soil Yeast Agar Agar Broth 
~N~O~. ____ ~N~O~. ____ ~N~£~. __ ~E~x~t~r~a~c~t ____ ~M_M~8~L-~A_-N7 ______ B~lo~o~d~A~~a~r~--------~~~m~-~4~------------

l>lixed . 'l'urbidi t:t, 
11 . ! HB-10 Inocula 14l3E-5 

1 

2 

3 

4 

5 

6 

7 

B 

9 

10 

11 

12 

13 

14 

15 

16 

1 1 

2 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

+ 4 Brovln 

+ 3 Tan 

+ 3 Tan 

+ 3 Nhite 

3 Tan 

3 White 

3 Tan 

2 White 

+ 2+ Tan 

+ 2+ White 

+ 2+ White 

+ 2+ i'/hite 

2+ Brown 

2+ White 

2+ Nhite 

2+ vlliite 

4+ Bact. & Molds 4':j.-"Dar'K-:arown 

4+ " 
4+ " 
4+ " 
4+ " 
4+ " 
4+ " 
4+ " 
4+ " 
4+ " 
4+ " 
4+ " 
4+ " 
4+ " 
4+ " 
4+ n 

" 

" 
" 

" 
" 

" 
n 

" 
" 

" 
" 

" 
" 

" 
" 

2+ Lt. <;rey 

3+ Grey 

4+ Lt. Brown 

3+ Grey 

2+ Lt. Grey 

3+ Grey 

3+ Grey 

(Numbers refer to quantitative estimates of growth) 

/ 

. . . 

.1" :.1 

Ii 

, . 

n 

____________ " ______________ ~'~W~i~~~t Yea~oExtract) 

Agar Isolate #1 

2 

3 

4 

5 

Broth Isolate #1* 

2 

3 

4 

5 

6 

7 

B 

-

(l1ti-h O. 4.!:, X~s t Ext!~£!:.L_ 

4 

4 

3 

4 

3 

4 

3 

3 

2 

3 

4 

3 

3 

* ~t Broth Isolates;'are from MB-4 broth cultures (Code #1-8) in Table 20. 

(Numbers refer to quantitative estimates of growth) 

Commenl:,1 Growth from the MBE-5 tubes was centrifuged and washed twice, then passed to 

MB-10 and MBE-6 (0.2% yeast extract). Results are presented in Table 22. 

I 
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TABLE 22 -
SECOND PASS}\GE OF PUR"E CULTURE 1\9.~lt.?:SOLA;rES ~D MIXED CU.L1.,URE..2!;.RQ,TH ISOLATES OF HRC-E SOIL 

IN CO-INDUC!.ION SERLE 

..... rr ..,..:III - ---------------------------
Inocula * 

Agar Isolate *1 
2 

3 

4 

5 

Broth Isolate U 

2 

3 

4 

5 

6 

7 

8 

Broth t-1edia 
__________ ~~r_-----$-r'-------------rn~lr-b 

l,m-IO t) t) (with 0.2% Yeast Ext~ac .. _, (Nithout t,east E~tr~c, ,_. 

4 

4 

4 

4 

3 

4 

3 

4 

2 

3 

4 

4 

3 

* Inocula = Washed gr~th from MBE-S tubes in Tab le 21. 

(Numbers refer to quantitative estimates of gro\,lth) 

Comment I 
Growth from the MBE-6 tubes was centrifuged and \1ashed twice, then passed 

t) Results are presented in Table 23. 
to MB-10 and MBE-7 (0.1% yeast extrac • 

f I . . ~. 

" 

i. 

n 

49 

'-

TABLE 23, 

:rHIRD PASSAG!..OF PURE CULTURE AGAR ISOLATES AND MIXED CULTURE BROTH' 'ISOLATES OF HRC-E SOIL 

IN CO-INDUCTION SERIES 

Broth l-1edia 

lm":.'ib 1-lliT-"7 
Inocula* (Wi thout ':!,e:.a§.t Extract) (\'lith 0 .1% Ye .. <:~_Ext~act) 

Agar Isolate #1 

2 

3 

4 

5 

Broth Isolate #1 

:2 

3 

4 

5 

6 

7 

B 

*Inocula = Washed growth from l.ffiE-6 tubes in Table 22. 

(Numbers refer to quantitative estimates of growth) 

4 

4 

3 

4 

4 

4 

4 

3 

3 

4 

4 

4 

3 

Comments Growth from the MBE-7 tubes was centrifuged and washed twice, then passed to 

MB-10 and MBE-7A (MBE-7 diluted \.,ith MB-10 to give final concentration of 

0.01% yeast extract). Results are presented in Table 24. 

-. .• ",~-- ~- • .... _> ... '.' .... ""i·~-r.;:1>"~:~:;::'r_':'::;:':1',.:;:,~',:::r·~~-;;:::-::: ... ::::'::::::.;=~~:z::::::::::::·" . 

i 
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PASSAGE OF PURE lCOURl'H CULTURE AGAR ISOLATES ISOLATES OF HRC-E SOIL AND l>1.IXED CULTURE BROTH 

IN CO-ItmUq,TION .§~ 

Broth Media 

Inocula* 

Agar Isolate U 

2 

3 

4 

5 

Broth Isolate #1 

2 

3 

4 

5 

6 

7 

8 

*Inocula = Washed 

(Numbers refer to 

th from HBE-7 tubes in Table 23. grow , 

. tee cr Nrowth. quantitative estl.ma '. " 

Commentl Was obtained for the production No evidence 

co-induction series of passages. 

.. , 

(!'lith 0.01% YG~st 
.. ,. 'II 

3 

3 

4 

4 

3 

4 

4 

3 

3 

3 

3 

4 

3 

Extract) 

of adaptive enzymes by this 

-"'''~;------ -~ 
1 
J 

1/ 

51 

TABLE 25 -
INITIAL GBm1TH-RESULTS OF SEBJ~S 2B S2I L EXTRACTJ! 

JgRONTH_READINGS ~£Q.l3DED AFT!R 7 DAYS INCUBATION) 

Broth l-ledia* 
Agar Nedia Original 

.- . Source of ME-IO 
l-1BE-5 

1\-9 
Inoculum 

Without Yeast Extract (0. ,Hi Yeast Extract I'Tithout Mor hine) liRC - 1 F 

2 F 
4 

3 
3 

2 3 F 
4 

1 4 F 

LE- 2 F 
2 

2 

3 'l' 
3 

2 

5 'l' 
4 

2 
4 

2 6 F 
2 

7 'l' 3 

4 
2 B 'l' 

4 
1 

(Numbers refer to quantitative estimates of growth) 

*Broth m:!dia Were either in flasks or tubes (F or T) 

~ ..... 

M-ll 
_J..o.:..2~$:E.hine 

3 

2 

1 

2 

2 

2 

2 

2 

3 

1 

comment. -
Growth from the l1BE-S broths Was centrifuged and washed tWice, then passed 

to '!B-10 and ,,"E-6 CO.2. yeast extract). ""sults are presented in Tab1. 26. 
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TABLE 26 

E 2 INOCUT'A FOTLOI"ING PASSAGE AFTER 4 B llQURS 'OF INCUBATION GROWTH RESULTS OF SERI' S D LJ J..j ~ = 

Original 
Source of 
Inoculum 

IIRC - 1 

2 

3 

4 

LE - 2 

6 

1-113-10 
(Without Yeast Extract) 

Culture Media 

MBE-6 
(0.2% Yeast Extract) 

4 

4 

4 

4 

4 

4 

(Numbers refer to quantitative estimates of growth) 

/ 

.. ' 

, 
" 

-----------------

! 

I 
t 
f 
l 

! 
I 
i 

f' 

J -

. . 

n 
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TABLE 27 

gBOW'l'H RESULTS OF SERIES 23 INOCULA FOJ.lLO.l'l'ING PASSAGE AFTER 7 DAYS OF INCUBATION 

Original 
Source of 
Inoculum 

IIRC - 1 

2 

3 

4 

LE - 2 

6 

MB-10 
(Without Yeast Extract) 

Culture Media 

{O.l% 

(NUr.1bers refer to quantitative estimates of gr9\>lth) 

MBE-7 
Yeast Extra,ct) • 

4 

4 

4 

4 

4 

4 

I 
l' 

, , 
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TABLE 28 

GROWTII RESULTS OBTAINED IN PART B OF SERIFS 2B (PRg,cESSING OF LE 'lIND URC-E SOIL), 

Original 
Source of 
~tllum 

IIRC - 1 

2 

3 

4 

LB- 1 

2 

3 

4 

5 

6 

7 

8 

1113-10 MBE-5 
(Nithout Yeast .E .. ~tract)., (0.4,% Yeast Ext .... ·.i.~t) 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

(Numbers refer to quantitative estimates of growth) 

.. ' 

Agar Media 

M-ll 
(Morpl:,ine 

2 

1 

1 

:2 

2 

:2 

:2 

:2 

:2 

:2 

:2 

:2 

Agar) 

EM-I 
(Enriched 
Morphine Agarl. 

3 

4 

4 

4 

4 

3 

4 

-1 

3 

3 

4 

4 

'm 
ill 

,ill" I • , 
: i < 

...., 
Ii! 

uU 

r~ III w.' 
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TMLE 29 .. ~ 

-~~------------------........ -----• .... "I iIG''"4'_' ___ ._~ ___ ~ ____ _ 

Broth - l.lB-10 

MBE-6 

Agar - M-ll 

El·l-l 

.... -.....,....,.. -.. ~"-----... ----... ,-----
Inoculum 

, __ ("££c.21a C!,. Gl-OI", t!.1...£.EBE' It·l,"~.!..~~«1.~ 
No grol~th , ........... --.. ---...... -------------

Heavy growth (maximum turbidity) 

Sparse grol'lth of 3 organism ty.pes 

Luxuriant groi1th of d' pre o~nantly 3 organism types 

--. 
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!l\.R.!:E 3Q. 

l1H DETERt-lINATION OF SOIL2JlMPLES liND OF FLASK C..2,I,TY~2: 

:test t-I"'! t;,hods. I 
Distilled \~ater \ ... as adjuBted to pH 7.0 with IN. NaOH. Slurries of the 

individual soil samples \ ... ere made and the pI! of oach ffi9asured on a Beckman Expandomatic 

pH Vetere supernatants from current broth cultures \ ... ere also coll~cted for pH determinations. 

Test Beflults I 
~--

",,_"II 

SOIL ..JW.... --
LE Soil #l 7.7 

2 8.2 

3 8.7 

4 8.2 

6 8.2 

8 8.7 

HRC Soil U 8.5 

2 8.2 

3 8.5 

4 7.8 

Afyon Soil 8.2 

Bayat Soil 8.4 

-'~ -.- ";:.1' '. :r:', ~.~-: . :.':::.:: ._::~~:~~,,-.~~:". -"-.~ -;;=:.rf"- ,,:;.: 

, .' 

FLASK CU.ElLry;.§,. ...ElL 
-._ vet 

\.0, •• ", ...... , 

I.E - 1 7.4 

2 7.35 

4 '7.4 

6 7.8 

8 7.6 

HRC - 1 7.7 

2 7.4 

3 7.4 

4 7.65 

-"..,."'>-.. ,.,.".- .• ."...,.,....-..... ,,..-,.."''"'' 
,-

'-r!~ 
,. J 
1.," f·.:·.·· 
I . 

I 
I, 
I 

TABLE 31 --

~~§..Yl-TS OP :f11~] ROC;!~.~.§EJ"G OF lillS.:.!.3, son 

l£Yl~.,t!Pt:. 1'?-~IA2.E2..Y.§.!ED TO pH B, 2 AND pH 7.1) 
~.c:ao'--

57 

_ .... ILiobo.".~ u.0? ::. _....... r YT , .. ..,."...., oCIo".-...-;_. _.......,. ____ _ b ... ____ ~:-___ ._U ___________ --...-__________ ~ __ --------'~--------~--------_3;._ 
Broth I,ledia .' ~_=e _____ ~Od ___ ._,-a •• ____________________ e' __ ~~ _________ ~ __ • ______ __ 'II .. ~outr_. _____ _ 

, MB-ll I1B-12 MBE-10 
IIRC-B .' (Horphine Broth (Horphine Broth (Em:iched J.lorphine 
~_1 ____ ·~.-o;.12.],._Jl;;.;_,;..;2~)~_" s,..e __ • 'p}~ 7.!.2L _______ ~_........EIL8 :,,?J.. ". '_ .... 

Af~'on No growth No grO\.,th He avy grol'lth 

Bayat No gro-.... th No gro\~th Heavy growth 

-------~-.------------------------
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.' 

Broth Hec1ia 

original 
Source of 1.lJ3-11 MI3-12 Z,1BE-9 
!!:.££?l'-l!:l_ • . ______ • .J.?1L.8.'2..;..,l.------~~.----..:(&:.P.!l...2.!.ll..-_ ..... __ ~""c ________ •• u~;;,:.;!i~ 

Afyon 

Bayat 

2 1 

3 1 

-4 

4 

~~ ____ =--___ ~ _____ ~~r.--------------=---~----=~--=----------------------~~--_--I~ __ -------
(Numbers refer to quantitative estimates of grO\"th) 

.. ' 

59 

TABLE 33 .-......... . 
gRO''1T,I1 ~,SQ};TS A[.TER PlISS]\GE OF ORGANISMS FROIl 1·10RPHnm BROTH AND . _.~.~_ _ ,._ .... , ENRIS!lEl~.J!9,lF.!Q,l'i~ .... IlB~ 

jHRC-B ~T~ ORGAl'!lS.!§.l. 

Inoculum 
~~~----- Broth Hedia 

From 
Original Grovlth MI3-11 

Soil l':cdium MI3E-10 _~._,;;;.;;.;..._~ ___ --l.(~N~2:1~. :,·~I;:;.~n~, .• r.::.:·J.~· c~l~le;;,:-d~)l.-_~ __ ._=_'E.rir ... j:;..;c;;.;h;..:;;e;.;;;d;.:.)~ .... =_ ___ ..... _________ == __ _ 

Afyon Enriched 

Afyon 

Bayat 

Bayat 

Non-En:r:iched 

Enriched 

Non-Enriched 

1 

2 

4 

4 

4 

4 

(Numbers refer to quantit.ative estimates of groi~th) 

~ - -~" -.~--,",."-,,,,,-,,,,,,,-.~,,,,,,,,,,-,-,.,~--"''''''' ....,.~"""'+""'''''-,."<r.,.,'"::>,....,~-.,.'''''''''''~=~~>;t.':~ ... ::t:;;:.::::::,::::;;;:::::::::..~::;;::.-:. 
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TAl3LL~ 

,9E0l'1TH_RESUL'l'S FROH P.E.2£~G OF .!;!~NE.-FED .son 

_______ d ____ ._~ ____ ~ ___ ._= ___________ ~~~--________________ ~. __ ..... ________ ~ ______________________ ___ 

Inocula Broth Hodi.a 
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A NEW SENSITIVE ENZYHATIC FLUOROHETRIC ASSAY 

FOR MORPHINE 

DAVID N. KRAMER, PH.D. WILLIAM SWAIN 

Kupferberg et ale (1) reported a sensitive fluorometric assay for morphine 

in plasma and brain based on the oxidation of morphine to pseudomorphine by the 

use of potassium ferricyanide in weakly alkaline medium. 'Figure ifo1. 

The metho~; required extraction of tl1e tissue a~ ph9. 0 (bicarbonate buffer) 

with 10% butat':ll in CHCl and re-extraction with O.OlN HCI. The sensitivity 
3 

achieved was 0.1 pg-lO pg/ml of solution measured. 

Takamori (2) by reducing the volumes of the reaction mixture, obtained more 

efficient oxidation of morphine at low concentrations, and was able to assay quantities 

of 10 <i.~mograms in a reaction volume of 42 microliters. Takamori also added a protein 

precipitation step prior to extraction from plasma. In samples low in protein con-

tent, how'ever, the protein removal was not found to be beneficial. ' 

Blackmore et al. (3) reported an automated fluorometric method based on the 

chemical oxidation of morphine to the fluorescent pseudomorphine. 

The disadvantages of the ferricyanide oxidation method are: 

1. excitation Have length at 254 tt1Jl results at a 10lver fluorescence efficiency 

as compared to >-. ex=320 n m (which has twice the fluorescence efficiency). 

2. the concentration range is limited to 0.1 pg - 10.0 pg as reported by 

Blackmore et a1. (3) requiring 10 nanograms 100 nanograms per sample volume assay. 

3. since ferricyanide has considerable absorption,it affects the calibration 

curves and the method requires preparation of appropriate calibration curves. 

Guilbault and Kramer (4) reported thatQ(.-naphthols may be oxidatively coupled 

by use of peroxide and peroxidase. The reaction was found to proceed smoothly and 

rapidly and \·laS used as an assay method for microgram quantities of peroxide as 

,veIl as an assay for peroxidase. 
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In conjunction with a study of the metabolism by mic.roorganisms of morphine, 

it was necessary to assay residual morphine in bacteriological media and the peroxi-

datic assay of morphine 'YTaS investigated. Th . d t· Ii· e ox~ a ~ve coup ng ~s given in Ffg; #2. 

EXPER INEl\"TAL 

Reagents 

Peroxidase. A stock, 400 units/mI. solution of horseradish peroxidase 

(California Biochem. Co., Los Angeles, Calif., specific activity 400 purpurogallin 

units per mg.). was prepared by dissolving 100 mg. of enzyme in 100 mI. of distilled 

water. 

Hydrogen Peroxide 

A 4.3xlO-S solution was prepared by diluting a 30% stock solution of hydrogen 

peroxide (Merck & Co., Rahway, N.J.) in distilled ,vater. 

Buffer 

O.SH Tris, pH 8.5 Has prepared in the standard way. An O.SM glycine-NaOH 

buffer pH9.0 was employed to alkalinize solutions prior to extraction. 

Morphine Sulfate 

A solution containing 2.66 micrograms/mI. was prepared in distilled water (a 

concentration of 1.0 pg/ml. of free base). The stock solution was diluted with dis

tilled water, as necessary. Appropriate concentrations of morphine w'ere added to 

bacteriological media containing standard Trypticase soy broth and nutrient broths. 

Extraction Solvent 

An extraction solvent Has prepared containing 10% butanol in CHC1
3

• 

Procedure 

Preparation of standard curve; One 11alf 1 1 f·1 d b - . m • vo urnes 0 sp~ce acteriological 

media was diluted to one mI. with glycine buffer and extracted once with 10 mI. of 

10% n-butanol in chloroform. Aft I : 'cr p l<1Se separation, the upper lnycr was rcmoved 
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by aspiration and 9 mI. of the extract was transferred to a 12 mI. centrifuge tube 

and 1.2 mI. of 0.01 HCl was added. One I mI. of the aqueous extract was ~vaporated 

to dryness in vacuo and 0.8 ml. of this buffer, and 0.1 ml. 'standard peroxidase solu-

tion and 0.1 ml. peroxide solution were added. After 15 minutes, the volume was 

brought to a total of 3 mI. and assayed spectrofluorometrically. 

Suitable blanks are run concurrently, A ex 320, .A em-436 nm. Fig. 4fo3 gives 

the calibration curve obtained by this'procedure. 
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are colorless and are amenable to s,pot-type t 
ests for use in routine screening. 

Studies are in progress to determine the util4 tv 
• J of the method for urine and plasma 

A scheme is presented for routine assay f . 
o morphine in biological fluids. 

analyses. 

(Fig. 415) 

I RESULTS AND DISCUSSION H 
I: 

A calibration curve (Slide #3) ~vas obtained by spiking bacteriological media 

with known concentrations of morphine. The fluorescence was found to be linearly re- H 
(' i, lated to morphine concentration in the 0.1-10 ~g/ml. range. While the indications 

are that the sensitivity could be extended to significantly lower concentrations by 

[ decreasing the peroxidase concentrations used since the blank fluorescence was attri-

[ buted to the peroxidase. 

Table I sunnnarizes results of analysis of samples of unknown bacteriological 

I~ media in the presence and absence of microbial growth. 

Fig. 4 represents a study of the stability of the pseudomorphine in the presence 

I: of peroxide and peroxidase. The fluorescent product concentration appears rapidly 

I~ 
-;: 

within the first five minutes, reaching a maximum in 10 minutes, and remains constant 

for at least 100 minutes. 

I: Hith respect to the oxidation of morphine, either'by alkaline ferricyanide or 

I 
peroxide/peroxidase, it is assumed that by analogy to the oxidation of J3-naphthols 

the structure of pseudomorphine is shown in Slide 4f!. It is not knoHll w'hether the 

I allylic hydro~7l or the allylic double bond are affected. 

The advantages of the peroxide-peroxidase method over the alkaline ferricyanide 

/ 

I' procedul."e would appear to be in that the enzymatic oxidative coupling is affected by 

less drastic conditions, decreasing the probability of side reactions. The solutions 

I 
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TABLE I 

l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

Recovery of Norp:d.nc from B~cteriological Media 

Morphine 
mg/ml Expected 

0.76 

Morphine 
mg/rol Found 

0.75 
0.70 
0.75 
0.80 
0.85 
0.90 
0.80 
0.85 
0.85 
0.98 

65 

. . . 

. . 

. FIGURE #1 66 

CHEMICAL ASSAY OF MORPHINE 

fv10RPHINE 

(NON -FLUORE SC~NT) 
PSEUDO fvl0RPH INE 

( r= L U 0 R E S.C E NT) 

'----t."s> QXU)ATION PRODUCTS 

(NON-FLUORESCENT) 

----------------~~ P E I~ 0 X I D A S E 

(r:UJORESCr:NT) 
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PIGURE #2 - ... 

OXICATION OF MORPHINE TO PSEUDO MORPHINE 
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OXIDATION -------bo 
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FIGURE 4 - STABILITY OF PSEUDOHORPHINE UNDER CONDITIONS OF TAKEMORI 

(r1 /t./lJT£S It FTf£1\ (11 f X / N G- 7? E /tcTA f.JT5 
.-<0-- '-,~:':'::',,::,:: :_"" ••• '--"' __ ' . __ " ; . .:::=.::::.::~:;: .. " .. ;:-:';-;'.~,l;;' • .;;,:1;,_""''''''~ '.'~_ ,,,,_~,,,._,, 

. -, 

, 

\ 

_ < J 

[t 



j / 

.. ' 

I --

i~ , 

. , 

EXTRACTION 

URINE 

BUFFER; pH : 10.5 

NoCI SOLUTION 

CHCI 3 

BUTANOL 

.... n" 

FIGURE 4~5 -

.. 

Ii , I 

.-
NO PEROXIDASE PEROXIDASE 

NON-FLUORESCENT FLUORE SCENT 

FLUORESCENT: + TEST FOR MORPHINE 

1 -. 1 

-..J 
o 

\ 

. J 

, 

\ 

, 

" 



,~ "----------"---'-==~-~~-~~-~================___========="""=======__~7" 

; , 
< 1 ~ , "" -I" 

I 
1. 

2. 

3. 

4. 

REFERENCES 

Kuperferberg, H., Buckhalter, A., and Hay,·"E.L., J. Pharm. and 
ExptL The-rap., 145, 247 (1964) 

Takamori, A.E., Biochem Pharmacol., 17, 1627 (1968). 

Blackmore, D.J., Curry, A.S.~ Hayes, Tis., and Rutter, E.R., 
Clinical Chern., 17, 896 (1971) 

Guilbault, G.G. and Kramer, D.N., Anal. Che·m. 36, 2494 (1964). 

71 

'. ~, 

, ,.'. ~-
".ifv""~M~~·"·."" .. 

i 

1 I ~ 




