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57) ABSTRACT 
A transfer plasmid (factor K) is transferred from a 
first Pseudomonas organism to a second Pseudomonas 
organism. Factor K induces the mobilization of genes 
from the chromosome of the second Pseudomonas or 
ganism and under proper conditions will transfer the 
mobilized genes to a recipient organism in which those 
particular genes have been deleted. The factor K and 
the mobilized genes enter the recipient and become 
established there as stable separate plasmids constitut 
ing a plasmid aggregrate. Non-transmissible artificial 
hydrocarbon degradative plasmids have been created 
in Pseudomonas organisms in this manner and (with 
factor K present in the host to accomplish the trans 
fer) have been transmitted to other Pseudomonas re 
cipients. 

5 Claims, No Drawings 
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DISCRETE PLASMID CONSTRUCTION FROM 
CHROMOSOMAL GENES IN PSEUDOMONAS 

BACKGROUND OF THE INVENTION 
The terminology of microbial genetics is sufficiently 

complicated that certain definitions will be particularly 
useful in the understanding of this invention: 
Plasmid - A hereditary unit that is physically sepa 

rate from the chromosome of the cell; the terms 
"extrachromosomal element" and "plasmid' are 
synonymous; when physically separated from the 
chromosome, some plasmids can be transmitted at 
high frequency to other cells; 

Transmissible plasmid - A plasmid that carries ge 
netic determinants for its own intercell transfer via 
conjugation; 

DNA - Deoxyribonucleic acid; 
Bacteriophage - A particle composed of a piece of 
DNA encoded and contained within a protein head 
portion and having a tail and tail fibers composed 
of protein; 

Deletion - The condition in which a substantial por 
tion of the chromosomal DNA is missing; 

Transducing phage - A bacteriophage that carries 
fragments of bacterial chromosomal DNA and 
transfers this DNA on subsequent infection of an 
other bacterium; 

Conjugation - The process by which a bacterium es 
tablishes cellular contact with another bacterium 
and the transfer of genetic material occurs; 

Curing - The process by which plasmids can be se 
lectively eliminated from the microorganism; 

Curing agent - A chemical material or a physical 
treatment that enhances curing; 

Degradative pathway - A sequence of enzymatic re 
actions (e.g. 5 to 10 enzymes are produced by the 
microbe) converting the primary substrate to some 
simple common metabolite, a normal food sub 
stance for microorganisms; 

Replication - The process by which a piece of DNA 
divides itself into two identical copies, 

Replicon - A genetic unit that enables a piece of 
DNA to undergo replication; 

Auxotroph - A mutant organism that requires a 
food source containing a particular amino acid or 
vitamin for growth; 

Recombinant - A cell in which a portion of a ge 
netic fragment has been substituted in the chromo 
Some; 

(Sole carbon source) -Indicative of a mutant inca 
pable of growing on the given sole carbon source; 

(Plasmid)- Indicative of cells from which the des 
ignated plasmid has been completely driven out by 
curing or in which no portion of the plasmid ever 
existed; 

(Plasmid) - Indicative of cells lacking in the desig 
nated plasmid or cells harboring a non-functional 
derivative of the given plasmid; 

(Amino-acid) - Indicative of a strain that cannot 
manufacture the designated amino acid; 

(Vitamin) - Indicative of a strain that cannot man 
ufacture the designated vitamin and 

(Plasmid) - Indicates that the cells contain the des 
ignated plasmid. 

The symbol (OCT) as used herein signifies the plas 
mid aggregate composed of OCT, factor K and MER. 
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2 
Plasmids are believed to consist of double-stranded 

DNA molecules. The genetic organization of a plasmid 
is believed to include at least one replication site and a 
maintenance site for attachment thereof to a structural 
component of the host cell. Generally, plasmids are not 
essential for cell viability. 
Plasmids may be compatible (i.e. they can reside sta 

bly in the same host cell) or incompatible (i.e. they are 
unable to reside stably in a single cell). Among the 
known plasmids, for example, are sex factor plasmids 
and drug-resistance plasmids. 
As is shown in U.S. Pat. No. 3,813,316 - Chakrabarty. 

the capability of some Pseudomonas species to degrade. 
complex organic compounds is due to the presence of 
one or more transmissible plasmids, each of which 
specifies the entire enzyme complement of a particular 
degradative pathway. Such plasmids are designated 
“degradative plasmids'. As is described in the Chak 
rabarty patent unique Pseudomonas organisms have 
been developed by transferring a number of such de 
gradative pathways to the same recipient. However, the 
application of this genetic engineering technique has, 
heretofore, been limited to the transfer of naturally 
occuring degradative plasmids. However, a Pseudomo 
nas organism may have a desired capability of degrad 
ing some given complex organic compound, but this ca 
pability is of chromosomal origin. If it be desired to 
transfer the desired capability to a recipient cell by the 
techniques described in the patent, these techniques 
will not suffice. 

It would be particularly advantageous to be able to 
transfer an entire enzyme complement of a particular 
degradative pathway, regardless of whether or not a 
naturally-occurring degradative plasmid is available 
therefor, 

DESCRIPTION OF THE INVENTION 

By the practice of the instant invention, once a Pseu 
domonas organism is found containing genes that spec 
ify the entire enzyme complement of a particular de 
gradative pathway, if this pathway is not already plas 
midborne, the requisite genes can now be transferred. 
This is accomplished by mobilizing these genes from 
the chromosome and transferring them to a preselected 
recipient in which these particular genes have been de 
leted. The transferred genes then become established 
therein as a separate stable artificial degradative plas 
mid. Mobilization of genes for subsequent transfer in 
this manner is accomplished by utilizing a transfer plas 
mid (factor K). 
MANNER AND PROCESS OF MAKING AND 

USING THE INVENTION 

In brief, the process for transforming chromosomal 
genes that specify a particular degradative pathway 
into the form of an artificial non-transmissible plasmid 
is as follows: 

1. select the primary substrate to be degraded; 
2. identify a Pseudomonas organism capable of con 
verting the primary substrate to some simple com 
mon metabolite; 

3. determine whether the specifying genes are plas 
mid-borne or are chromosomal; 

4. if the desired degradative pathway is specified by 
the chromosome, introduce factor K into the cell 
by selection techniques and 

5. use the cell so modified genetically to transfer the 
genes for the degradative pathway to a recipient 
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Pseudomonas cell (factor K will, of course, also be 
transferred simultaneously), the recipient organism 
selected being one in which those particular genes 
have been deleted. s 

Recipient cells surviving growth on a minimal plate 
now contain the transmissible factor K and, separate 
therefrom (but constituting a plasmid aggregate there 
with) the nontransmissible degradative pathway. 
Thereafter, the plasmid aggregate can be transferred to 
other recipient cells. Steps 1-5 can be repeated to in 
troduce multiple compatible plasmids into the same re 
cipient. Also this process can be used to introduce an 
artificial plasmid into a Pseudomonas cell which al 
ready has one or more plasmids so long as the ultimate 
plasmid content is compatible. 
By the practice of this invention the development of 

cell capability in a single strain for the degradation and 
conversion of complex hydrocarbons can be extended 
for even greater efficiency to cope with massive oil 
spills or engage in the production of protein. Thus, for 
example, if a total of 10 degradative pathways are re 
quired for the efficient breakdown of a given crude oil, 
all that is necessary is that all the microorganisms pro 
viding these pathways be of the same strain in order to 
insure compatibility. The total complement of organ 
isms all of the same strain may include a concentration 
of cells with four degradative plasmids and six concen 
trations of cells, each containing a different degrada 
tive pathway. 
To facilitate the practice of this invention in the best 

mode contemplated, a culture of microorganisms pos 
sessing the transfer plasmid, factor K, is now on deposit 
with the United States Department of Agriculture. This 
culture is identified as follows: 

P. putida PRS1 K (NRRL B-8043) - Derived from 
Pseudomonas putida PRS1 (ATCC No. 12633) by 
genetic transfer thereto of a transfer plasmid (fac 
tor K) from Pseudomonas putida strain PpGl 
(ATCC No. 17453). 

A sub-culture of this strain can be obtained from the 
permanent collection of the Northern Marketing and 
Nutrient Research Division, Agricultural Service, U.S. 
Department of Agriculture, Peoria, Ill., U.S.A. 
Morphological observations in various media, growth 

in various media, general group characterization tests, 
utilization of sugars and optimum growth conditions for 
the strains from which the above-identified organisms 
were derived are set forth in “The Aerobic Pseudomo 
nads: A Toxonomic Study' by Stanier, R. Y. et al. 
Journal of General Microbiology 43, pp. 159-271 
(1966)). The taxonomic properties of the above-identi 
fied organisms remain the same as those of the parent 
strains. P. putida strain PpG 1 (ATCC No. 17453) is the 
same as strain 77 in the Stanier et al. study, 
All the organisms referred to herein are non-patho 

genic as is the general case with laboratory strains of 
Pseudomonas. 
The capability for creating plasmid structures from 

chromosomal genes has been made possible by two dis 
coveries. First, was the discovery that there exists for 
the Pseudomonas species a transfer plasmid, factor K, 
serving as a gene transfer vector in somewhat the same 
way as the F plasmid, the sex factor in E. coli. Next, was 
the discovery that factor K could be used to mobilize 
chromosomal genes and transfer the mobilized genes to 
a recipient cell in which those particular genes have 
been deleted, the mobilized genes thereupon becoming 
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4 
stabilized in the recipient as a separate inheritable plas 
mid. 
Demonstration is given in the publication "Dissocia 

tion of a Degradative Plasmid Aggregrate in Pseudo 
monas' by A. M. Chakrabarty (J. Bacteriol. 1 18 : 
815-820, 1974) that the transfer of the OCT) plasmid 
from P. oleovorans to P. putida strain Pp.G1 results in 
the acquisition by the recipient of three independent 
replicons: OCT (a non-transmissible plasmid specifying 
enzymes of the octane degradative pathway); MER (a 
transmissible plasmid, which confers resistance to high 
concentration of mercury ions) and factor K (the trans 
fer plasmid). Factor K is shown as being responsible for 
the transfer of the OCT plasmid and some chromo 
somal genes. The chromosomal genes so substituted 
became part of the chromosome of the recipient cell 
(recombinant) as contrasted to the formation of a con 
jugatant in the instant invention. In this invention, how 
ever, the recipient cell is deliberately selected as one in 
which the genes for the given degradative pathway 
have been deleted and as a result the transferred chro 
mosomal genes cannot undergo recombination with the 
recipient chromosome. These genes, therefore, repli 
cate as a separate artificial plasmid. 
The compositions of the synthetic mineral media for 

growth of the cultures were the same for all the Pseudo 
monas species employed. The mineral medium was 
prepared from: 
PA Concentrate: 
100 ml of 1 molar KHPO 
50 ml. of 1 molar KHPO, 
160 ml. of 1 molar NHCl 

100 X Salts: 
19.5gm. MgSO, 
5.0 gm. MnSOHO 
5.0 gm. FeSO.7HO 
0.3 gm. CaCl2.2H2O 
1.0 gm, ascorbic acid 
1 liter HO 

Each of the above (PA Concentrate and 100 X. Salts) 
was sterilized by autoclaving. Thereafter, one liter of 
the mineral medium was prepared as follows: 
PA Concentrate - 77.5 ml. 
100 X Salts - 10.0 ml. 
Agar - 15.0 gm. 
HO - to one liter (the pH is adjusted to 6.8 - 7.0). 

All experiments were carried out at 32°C unless other 
wise stated. 
For experiments in the transfer of factor Ka strain of 

P. putida PRS1 was selected. The biochemical and en 
zymological characterization of the several aromatic 
degradative pathways discussed herein and transduc 
tional genetic analyses thereof has been set forth in the 
literature (Ornston, L. N. 1971. Regulation of Cata 
bolic Pathways in Pseudomonas. Bacteriol. Rev. 35 : 
87-116). The origin, derivation and phenotypes of P. 
putida strains and their mutants used in this work are 
set forth in Table 1. 

TABLE 
Strain 
and 
Original 
Desi- Source or 
gnation Work No. Phenotype Derivation 

P. oleo- AC 1 OCTMet *P. oleo 
WaS vorans-WT 

P. putida 
PpGl AC 2 Trp- *AC 30 

AC 10 Met *AC 30 
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TABLE -continued 
Strain 
and 
Original 
Desi- Source or 5 
gnation Work No. Phenotype Derivation 

AC 12 lv *AC 30 
AC 30 WT 
AC 75 Mct, OCT*, ** AC 4 - AC 9 

K 
AC 04 Met, MDL*, **AC 116-> O 

K+ AC 10 
AC 07 Met, OUI, sk - AC 7 - 

Kt AC 10 
AC 108 Trp, Ilvt, **AC 107-> 

QUIt AC 20 
AC 109 Met, QUIt * - AC 107 --> 

AC 10 15 
AC 10 Met, Kt 4 + 4 +AC 07 

P. putida 
PRS WT 
PRS2 AC 73 Md *PRS 
PRS2158 AC 72 lv, Ben *PRS 

AC 74 Ilv, Ben ** AC 75 - 
AC 72 

PRS331 AC 78 Trp- *PRS1 20 
PRS60 AC 79 Ben *PRS 

AC 105 Hist *PRS1 
AC 116 Ilv, Ben, ** AC 75 

K+ AC 72 
AC 17 lv, Ben ** AC 75 - 

K+ AC 72 
PMW 159 AC 123 His, Quir, PMW 85 25 

Nic, Ben, 
AC 124 Ben, Hist, ** AC 4 - 

Qui, Nic AC 123 

Treatment of Source or Derivation: 
*N-methyl-N-nitro-N-nitrosoguanidine 
**Conjugation 30 
***Transduction 
****Mitomycin C curing 

Abbreviations employed are as follows: WT - wild 
type; QUI - quinate; Ben -benzoate; MDL - man- 35 
delate; OCT - octane; Nic - nicotinate; Trp - tryp 
tophan; Met - methionine; Ilv - isoleucine and valine 
and His - histidine. 

P. putida strain PMW 159 is described in the article 
“The Clustering on the Pseudomonas putida Chromo- 40 

Donor 

AC 116 
(KlvBen) 

AC 17 
(IlvBen Kit) 

some of Genes Specifying Dissimilatory Functions' - 
Leidigh et al. (J. Molec. Evolution 2 : 235-242, 1973). 

6 
mutants as shown in Table 2, equal volumes of over 
night-grown (about 2–3 x 10' cells/ml) cells of the 
donor (Met, OCT, K) organisms and the respective 
recipient organisms were mixed together and kept in a 
stationary condition for 1 hour, Aliquots of 0.1 ml were 
then plated on glucose-minimal, or benzoic-minimal 
plates to score for chromosomal recombinants. 

TABLE 2 

Marker Frequency of 
Donor Recipient Selected Transfer 

AC 75 AC 72 Ben 2 x 10-8 
(OCT*, K*, Mett) (Ilv, Ben) 

AC 72 Ivt x 107 
(lv, Ben) 

AC 78 Trp 2 x 10-7 
(Trp) 

AC 105 Hist 5 x 10-7 
(His) 

AC 23 Hist 2 x 107 
(Hist, Oui", 
Nic, Ben) 

AC 23 Ben < x 108 
(Ben, Hist, 
Qui, Nic) 

This work (Table 2) has shown that factor K is in 
deed capable of mobilizing and transferring chromo 
somal genes from one strain of Pseudomonas to an 
other strain and the resulting recombinants appear to 
be stable. About 50-80% of such recombinants acquire 
factor K, thus inheriting donorability of chromosomal 
genes to other suitable recipients making possible the 
transfer of factor K to different strains of Pseudomo 
nas. The effort was made on two occasions to transfer 
chromosomal genes and thus factor K from P. putida 
strain Pp.G1 to P. aeruginosa strain PAO without suc 
cess. However, this is believed not to be insurmount 
able and additional attempts will be made with restric 
tion negative mutants of P. aeruginosa PAO. 
The results of conjugational transfer of mandelate 

and quinate genes mediated by factor K are shown in 
Table 3. 

TABLE 3 

Conjugatant 
Recipient Selected Frequency Phenotype 

AC 30 Md 3 x 108 Mdl"Oui 
(PpG1 WT) 
AC 10(Met) Mett 2 x 106 Met'MdlCui 
ACO Md 5 x 108 MidlMetOuit(40%) 

MidlMet'Qui(60%) 
AC 30 Oui 1 x 0.7 Oui Md. 
AC 10 Ouit 1 x 107 OuiMet Mdl(30%) 

Oui Met (70%) 
ACO Met 4 x 10 MetOui Mdl 
AC 73 Md 2 x 0.5 Md 
AC 78 Trp" 1 x 10-5 Tript 
AC 79 Ben 1 x 106 Ben 
AC 105 Hist 2 x 105 His 
AC 123 Hist 5 x 106 His Bentoui Nic 
AC 123 Ben 4 x 108. His Ben-Ouinic 

Two P. putida PRS1 chromosomal recombinants are 
In Table 1 the phenotypes of known plasmids have 60 shown therein as genetic donors. It is known from the 
been capitalized, while those of the chromosomal genes 
are designated in lower case letters. 
The results of determining the ability of factor K to 

mobilize chromosomal genes is shown in Table 2 
wherein auxotrophic mutants of P. putida PRS1 are 
used as recipients. M 

In carrying out the chromosomal genes transfer from 
strain PpG1 to a variety of strain PRS auxotrophic 

65 

literature that the genes specifying enzymes involved in 
the degradation of D or Lmandelate by P. putida PRS1 
are totally absent in P. putida PpGl. Similarly, P. putida 
Pp.G1 lacks some genes which specify enzymes for qui 
nate metabolism. All Mdl PpG1 conjugatants ob 
tained were Qui while all Quit conjugatants obtained 
were Mdl. Co-transfer of these two (mdl and qui) 
gene clusters has not as yet been observed. 
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Again equal volumes of overnight-grown donor (AC 
116 and AC 117) cultures and the respective recipient 
organisms were mixed and kept in a stationary condi 
tion for 1 hour. Aliquots of 0.1 ml were then plated on 
glucose-minimal, mandelate-minimal and quinate 
minimal plates with methionine supplentation, when 
required. The results suggest that PRS1 chromosomal 
mutations can be repaired at a high frequency and mdl 
and qui gene clusters can be transferred in finite num 
bers from strain PRS1 to strain PpG1. 
Since P. putida PpG does not have any region of ge 

netic homology corresponding to the mdl and qui 
genes, an investigation was made to determine whether 
these gene clusters were integrated at some site on the 
PpG1 chromosome or whether these genes would repli 
cate as autonomously-replicating genetic fragments 
(plasmids). Table 4 sets forth the mandelate enzyme 
levels (specific activities in nanomoles of substrate con 
sumed or product formed per minute per mg of pro 
tein) in certain conjugatants of PRS1, Pp.G1 and 
MdlPp.G1 strains. An assay of the mandelate enzymes 
was made according to the method outlined in the arti 
cle "Synthesis of the Enzymes of the Mandelate Path 
way by Pseudomonas putida' (J. Bacteriol. 91 
1140-1154, 1966). 
The enzyme level designations in Table 4 suggest that 

the mandelate genes are expressed normally inside 
strain PpG1 (after transfer thereto of the mdl gene 
clusters from strain PRS1) and that the number of cop 

10 

15 

20 

25 

ies of such genes in both strains PRS1 (AC 78) and 30 
MdlPpG1 (AC 104) is presumably the same. 

8 
Curing degradative pathways from each strain with 

mitomycin C was accomplished by preparing several 
test tube of L broth Lennox, E. S. (1955), Virology, l, 
190) containing varying concentrations of mitomycin C 
and inoculating these tubes with suitable dilutions of 
early stationary phase cells of the given strain to give 
concentrations 10 to 10 cells/ml. These tubes were 
incubated on a shaker at 32°C for 2-3 days. Aliquots 
from tubes that showed some growth were then diluted 
and plated on glucose minimal plates. After growth at 
32°C for 24 hours, individual colonies were split and 
respotted on glucose-minimal and degradative path 
way-minimal plates to give the proportion of MDLT 
and QUI in order to determine the frequency of cur 
ing. It was, therefore, shown that in each instance the 
degradative pathway genes are plasmid-borne. 
Several of the mandelate negative cured derivatives, 

when analyzed in the manner referred to above for the 
presence of mandelate enzymes, showed loss of all the 
mandelate enzymes, suggesting that curing leads to the 
loss of the entire gene clusters. This, in turn, indicates 
that these genes appear to replicate independently as 
plasmids. 
Further proof for establishing the plasmid nature of 

mdl and gui gene clusters in P. putida PpG1 (to which 
these genes have been transferred from strain PRS1) is 
the high rate of transmissibility of such genes to other 
suitable recipients. The capability for transfer of chro 
mosomal genes and MDL and QUI plasmids is shown in 
Table 6. The AC 104 organism, which was a Met mu 
tant of strain PpG1 that had received the mandelate ge 

TABLE 4 

L-Mandelate Benzoyl NADP-Benzaldehyde 
Strain Racemase de formic deCO deh 

AC 78 40.7 98.0 800 40.0 
AC 10 O O O O 
AC 104 58.2 52. 919 37.0 

TABLE 5 
Plasmid Concentration Frequency of 

Strain Cured Curing Agent pug/ml curing% 

AC 104 MDL Mitomycin C O CO. 1 
2 <0.1 
4. 0.1 

AC 07 OUI Mitomycin C O (30.1 
5 (30.1 
O 0.5 

Table 5 above sets forth the result of curing of MDL netic region from strain PRS1, proved to be a potent 
and QUI plasmids from P. putida PpG1 strains. Neither 50 donor for chromosomal markers as well as for mdl 
of these degradative pathways are curable from strain 

Donor 

AC 104 

AC 107 

PRS1. However, both the mandelate and quinate genes 
in the PpG1 conjugatants (AC 104 and AC 107) can be 
cured at a very low frequency. 

genes. 

TABLE 6 

Transfer Conjugatant 
Recipient Select Frequency Phenotype 

AC 30 MDL 6 x 105 MDLOui 
AC 2 MDL* 3 x 10-s MDL*Trp-oui; MDL'Trp" 
AC 2 Trp" 1 x 10 Trp“MDL; Trp“MDL*(1-2%) 
AC 12 MDLt 7 x 106 MDL'IlvOui; MDL“Ilv" 
AC 12 Iv 4 x 10-3 Ilv"MDL; Ilv*MDL*(2-3%) 
AC 30 OUI* 5 x 106 QUItMdl 
AC 2 QUIt 7 x 10-6 QUI"Trp-Mdl; QUI'Tript 
AC 2 Trp" 4 x 10 Trp'QUI; Trp'QUI' (4-5%) 
AC 12 QUI x 106 QUI*Ilv-Mdl; QUI*Ilvt 
AC 12 Ilv 9 x 10-3 IlvtoUI; ilvtoUI*(5-7%) 

Several chromosomal recombinants (selection on glu 
cose-minimal) acquired the mandelate plasmid (MDL) 
by secondary infection. Transfer of the MDL plasmid 
(selection on mandelate-minimal supplemented with 
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trptophan) was often associated with the transfer of 
chromosomal genes. Similarly, AC 107, which had re 
ceived the qui genes from strain PRS1, was able to 
transfer chromosomal genes as well as the QUI plasmid 
at a high frequency. Thus, transfer of mdland qui genes 
from the KPRS1 strain (AC 116, Table 3) to PpG1 re 
cipient was accompanied by a simultaneous transfer of 
factor K to the respective recipient. 
Autonomous replication of mdland qui genes as plas 

mids in strain PpG1 was verified by transfer of such 
plasmids by transduction. Transducing phage, pf16, is 
known to be effective for the transfer of plasmids be 
tween organisms of strain Pp.G1 Genetic Basis of the 
Biodegradation of Salicylate in Pseudomonas - Chak 
rabarty (J. Bacteriol. 112 : 815-823, 1972). Table 7 
shows the results of transductional transfer of both 
MDL and QUI plasmids to PpG1 cells deleted for these 
genes. Transductants were selected on mandelate and 
quinate-minimal plates supplemented with required 
amino acids. Unlike conjugational transfer, there was 
no associated transfer of chromosomal genes during 
transduction of such plasmids. The transductants har 
bor the mdl or qui gene clusters as plasmids, since they 
can be cured as explained hereinabove from the trans 
ductants at low frequency. Unlike the conjugatants, 
however, the MDL or the QUI transductants are in 
capable of transferring the MDL or QUI plasmids by 
conjugation to other recipients. 

TABLE 7 
Trans- Trans 

Reci- duction ductant 
Donor pient Select Frequency Phenotype 
AC 104 AC 2 MDL 3x107 Trp-Midl" 

AC 10 MDL 1XO-6 MetMdl 
AC 107 AC 2 OUI 1XO-6 Trp-Oui" 

AC 10 OUI 8x10-7 MetOui 

Results set forth in Table 8 below indicate that P. 
putida Pp.G1 auxotrophic mutant AC 1 10, which is a 
QUI' segregant of AC 107, still retains the donorability 
for chromosomal markers. This suggests that factor K 
was still present in the AC 110 organism, which had 
been cured of the QUI plasmid. However, AC 109, 
which had received the QUI plasmid from AC 107 by 
transduction, could not transfer either chromosomal 
genes or the QUI plasmid. Thus, QUI plasmid appeared 
to be non-transmissible, per se, and any transmission 
thereof, was because of the presence of factor K. 
This conclusion is further supported by examination 

of the characteristics of a number of chromosomal re 
combinants using AC 107 as a donor. As noted in Table 
6, 4-5% of chromosomal recombinants inherited the 
QUI plasmid under the conditions employed while 
nearly 50% of the chromosomal recombinants inher 
ited the donorability. However, recombinants that ac 
quire the QUI plasmid may or may not inherit factor K. 
AC 108, a recombinant, which had inherited QUI but 
not factor K was incapable (less than 1 x 10 transfer 
frequency) of transferring either chromosomal genes 
or the QUI plasmid to suitable recipients. However, if 
factor K were to be introduced into organism AC 108, 
this transfer plasmid would enable AC 108 to act as a 
donor for both QUI and other chromosomal genes. 
Thus, the presence of factor K is essential for the mobi 
lization of QUI as well as the chromosome. Data for 
transmissibility of the MDL plasmid was the same as for 
OUI, 
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10 
TABLE 8 

- Marker Transfer 
Donor Recipient Selected Frequency 
AC 107 AC 2 Trp" 4x 10, 
(QUI"K") QUI* 2 x 105 
AC 109 AC 2 Trp" < x 108 
(QUIK) QUIt <1 x 10-8 
AC 110 AC 2 Trp" 2 x 10 
(QUIK) QUIt <1 x 10-8 ; 
AC 108° AC 10 Mett <1 x 10 
(QUIK) AC 10 QUI* <1 x 10-8 

AC 109 is a QUI' transductant of Ac 0 from AC 107 as donor. Out of 0 trans 
ductants tested none transferred either QUI or chromosomal markers. . . . 
AC 110 is a Mitomycin C-induced QUIsegregant of AC 107. . - 
AC 108 is a Trplv" recombinant of AC 20 which has acquired QUIbut not factor 
K (donor used with AC 107). ...": " - ". . 

In Pseudomonas when factor K is utilized to mobilize 
chromosomal genes and transfer them to a recipient 
from which the chromosomal genes being transferred 
were deleted, the mobilized genes and factor K take the 
form of a plasmid aggregrate. The presence of factor K 
assures transmissibility of the artifically created plas 
mids to other cells, although the frequency of transfer 
for such plasmids is usually 50-100 fold lower than that 
of most chromosomal genes, as would be expected. 

In the best mode contemplated for the practice of 
this invention, therefore: 

1. the primary substrate to be degraded is deter 
mined, 

2. a Pseudomonas strain is identified and isolated that 
exhibits the capability for converting the primary 
substrate to some common metabolite (i.e. the or 
ganism exercises the requisite degradative path 
way), 

3. the strain of Pseudomonas (different from the or 
ganism in step 2) actually to be used to accomplish 
the substrate degradation is selected, this strain 
being one in which the genes sepcifying the requi 
site degradative pathway are missing, 

4. the nature of the genes (in the organisms of step 2) 
specifying the requisite degradative pathway (e.g. 
plasmid-borne or chromosomal) is determined; this 
is accomplished by curing and conducting indepen 
dent conjugal transmissibility tests (if the capability 
for the specific degradative pathway is transferred, 
the degradative pathway is plasmid-borne and 
transmissible in which case this invention is not 
needed; if the specific capability is not cured from 
the "donor' organism, factor K is employed by the 
exercise of the following steps: 
a. prepare a multiple auxotrophic mutant in the 

strain harboring the degradative pathway to be 
transferred as described in the textbook, "Genet 
ics of Bacteria and Their Viruses" by William 
Hays (John Wiley & Sons, Inc. (1965); 

b. introduce factor K into this strain by using an 
auxotrophic mutant of P. putida PRS K as 
donor and the multiple auxotroph as recipient; 
selection is made for the repair of any one of the 
requirements of the recipient auxotrophs (about 
50% of the recombinants will have acquired fac 
tor K); this is followed by purification of 10-12 
recombinants by single colony isolation and sub 
sequent analysis for the presence of factor K; 

c, transfer the desired degradative pathway to the 
Pseudomonas isolated in step 2 using the auxo 
trophis recombinant harboring factor K as the 
donor; transfer is by conjugation in the manner 
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described in the Chakrabarty patent (column 7, a. introducing factor K, a transfer plasmid, into at 
lines 0-38) and least one organism of said first strain of Pseudomo 

nas which mobilizes said chromosomal genes and 
forms a plasmid aggregate therewith, 

5 b. admixing the resulting first strain of Pseudomonas 
with said second strain of Pseudomonas transfer 
ring said plasmid aggregate by conjugation, 

d. purify the conjugatants; these conjugatants con 
tain the desired degradative pathway in the form 
of a plasmid that is non-transmissible in the ab 
sence of factor K. 

Herein where reference is made to the quinic path- c. placing the mixture on minimal plates containing 
way it should be noted that this pathway applies for said given substrate as the sole source of carbon 
both quinic acid and p-hydroxybenzoic acid. 10 and 
What we claim as new and desire to secure by Letters d. purifying the resulting conjugatants. 

Patent of the U.S. is: 2. The process of claim 1 wherein the source of fac 
tor K is P. putida PRS1 K. 

3. The process of claim 1 wherein the hydrocarbon 
15 pathway is for quinic acid degradation. 

1. A process for transferring chromosomal genes 
specifying a hydrocarbon degradative pathway for a 
given substrate from a first strain of Pseudomonas and 4. The process of claim 1 wherein the hydrocarbon 
imparting said chromosomal genes as part of a plasmid detadative pathway is for mandelate degradation. 
aggregate into a second strain of Pseudomonas which 5. The process of claim 1 wherein the first strain is P. 
does not contain said chromosomal genes comprising putida PRS1 and the second strain is P. putida PpGl. 
the steps of: 20 :: *k sk k -k 
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