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The gene for the neomycin phosphotransferase II (NPT I)
from transposon Tn5 was fused at the amino or carboxy ter-
minus to foreign DNA sequences coding for 3-300 amino
acids and the properties of the fused proteins were in-
vestigated. All amino-terminal fusions examined conferred
kanamycin resistance to their host cell, but profound dif-
ferences in their enzymatic activity and stability were
detected. Short additions to the amino terminus of the NPT
II resulted in highly enzymatically active fusion proteins
whereas long amino-terminal fusions often had to be proteo-
lytically degraded to release active proteins. Fusions at the
carboxy-terminal end of the NPT II protein did not always
induce kanamycin resistance and their enzymatic activity
depended more stringently on the nature of the junction se-
quence.
Key words: expression in E. coli/fusion proteins/neomycin
phosphotransferase II/protein processing

Introduction
The neo gene from transposon Tn5 encodes a neomycin
phosphotransferase lI (NPT II) and therefore confers resis-
tance to a host cell towards aminoglycoside antibiotics like
kanamycin (Km), gentamycin and neomycin. The gene has
been extensively used as an expression and selection marker in
many different hosts; in prokaryotes like Escherichia coli,
Bacillus subtilis and Myxococcus (Rao and Rogers, 1979;
Sprengel, 1983; Shimkets et al., 1983), in lower eukaryotes in-
cluding Dictyostelium (Hirth et al., 1982), in animal cells
(Colbere-Garapin et al., 1981; Southern and Berg, 1982) and
in plant cells (Herrera-Estrella et al., 1983; Bevan et al.,
1983).
The neo gene and its control signals have been well charac-

terised (Beck et al., 1982) and suitable and sensitive enzymatic
assays are available to quantitate the NPT II and to charac-
terise modifications of the enzyme (Reiss et al., 1984). Besides
its use as a selectable marker, the gene is thus also very attrac-
tive for use as a generally applicable indicator gene to ex-
amine gene expression and gene regulation. For such studies
it would be of advantage if the NPT II could be fused onto a
gene product of interest without losing enzymatic activity. If
so, it would be possible to study the regulation of gene expres-
sion of such genes and the functioning of their regulatory
signals by monitoring the NPT II activity of appropriate pro-
tein fusions. In addition, the fused gene product itself could
be selected for, independent of the host systems in use.
To provide an experimental basis for this approach, we

have examined a variety of N-terminal NPT II fusion proteins

in E. coli cells with respect to their expression, their ability to
confer kanamycin resistance (KmR) to the host and their
enzymatic activity. In addition, several C-terminal NPT II
fusions were constructed and analysed for their potential use-
fulness as selectable marker proteins.

Results and Discussion
Amino-terminal fusions
We described previously the primary structure of the neo gene
from Tn5 and also of two N-terminal deletion mutants
pKm21 and pKm22, in which one or four of its 264 codons
are replaced by synthetic HindIII linkers, respectively (Beck et
al. 1983). These mutants allow fusions into the coding region
of the neo gene in two reading frames and, after further
modification, also into all three possible reading frames
relative to a BamHI recognition sequence (Figure 1). These
constructs were used to generate NPT II fusions with altered
N termini by combining them with different prokaryotic ex-
pression units consisting of a promoter, a ribosome binding
site and a beginning of the structural gene.
As outlined in Figure 2, three different expression elements

were used: (i) the control region of the lac operon including
the first seven codons of the lacZ gene; (ii) the signals from
the CAT gene from transposon Tn9 including 73 N-terminal
codons of this gene; and (iii) segments of different size from
the penP gene from B. licheniformis which is also highly ac-
tive in E. coli (Sprengel, 1983). A fourth synthetic expression
unit was generated by combination of a lac promoter element
without the beginning of the lacZ gene and an oligonucleotide
linker providing an initiation codon at the appropriate
distance to a cryptic Shine-Dalgarno sequence (SD-sequence;
Shine and Dalgarno, 1974) located on the lac promoter ele-
ment. The structure of the chimeric NPT II proteins was fur-
ther varied by the insertion of DNA fragments from FMDV
cDNA (Kurz et al., 1981) between the lac expression unit and
the residual neo gene.

In this way, 10 different gene fusions were obtained which
were expected to express NPT Il-like proteins with 4-312
amino acids fused to the N terminus of the NPT II (Figures 2
and 3). The pBR322 derivatives carrying these constructs
were transferred into E. coli and single isolates were analysed
for the synthesis of chimeric NPT II proteins and their en-

- neo-
BAMHI HINDIII 2 5

- 3 .. GGATCC,GGC,CAAGCTTGG,- ,ATTGAACAAGATGGA

PKMI109 -9.. G,GATCCG,GCCAAGCTAGCT.TGG.--.ATTGAACAAGAT.GGA

- 90.. GGATCCGG.CCGCYTG,--------------------GAT,GGA

Flg. 1. Nucleotide sequence of lac/neo gene junctions in plasmids encoding
5'-truncated neo genes appropriate for N-terminal fusions in all three
reading frames. The neo gene reading frame, the positions of the 2nd and
5th amino acid codon in the authentic neo gene and important restriction
sites are indicated.
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zymatic activity using the following techniques: the plasmid-
encoded protein synthesis was quantitated on SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) either direct-
ly from crude cell extracts by Coomassie blue staining, or
after radioactive labeling of plasmid-encoded proteins in the
maxicell system (Sancar et al., 1979). NPT II activity induced
in E. coli cells was roughly determined by growing the
bacteria on plates containing Km in concentrations varying
from 10 jig/ml to 1000 jig/ml. In addition, in most cases,
NPT II levels in the cells were more accurately determined us-
ing an improved version of the enzymatic in vitro assay for
NPT II activity using toluenized cells (Materials and
methods). These results were substantiated by assaying for
the phosphorylation of Km by proteins separated by PAGE
under non-denaturing conditions (NPT II-ndPAGE assay;
Reiss et al., 1984). This assay was also used to compare side
by side the NPT II activity of the different fusion proteins
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Fig. 2. Schematic diagram of N-terminal fusion proteins illustrating their
protein composition. Striped amino acid sequences derived from the neo
gene, hatched from lacZ or penP expression units, double hatched from
FMDV sequences and white from linker sequences. The length of distinct
protein parts in chimeric neo genes and names of the corresponding
plasmids are included as well as an estimation of the protein synthesis and
the induced enzymatic activity of NPT II fusion proteins in E. coli cells.

and of their processing products. Results obtained are
presented in Figure 4B and summarised in context with the
various constructs in Figure 2.

In most cases the amount of NPT II-like protein synthesis-
ed reflected directly the strength of the expression system.
Strong protein bands of the expected mol. wt. were observed
upon SDS-PAGE in crude cell extracts with constructs using
the penP expression signals (Figure 4A, panel 3), and also in
maxicell experiments if the neo gene was fused to the authen-
tic lacUV5 and CAT expression unit. Much less NPT II was
obtained with plasmid pKm4 and pKm936 (Figure 4A, panel
1) whose relatively inefficient expression is due to a poor SD-
sequence formed by the fusion of lac sequences and synthetic
linkers (Figure 3).
Short amino-terminal NPT IIfusion proteins
As expected, all plasmids listed in Figure 2 conferred KmR to
their host cells, but the level of this resistance varied greatly.
In general, the short fusions induced high levels of resistance
whereas longer fusions showed only moderate to low resis-
tance to the antibiotic, even in cases where substantial
amounts of the fused protein were radiolabeled, as determin-
ed in the maxicell system (Figure 4B). This already suggests
that the specific activity of the NPT II fusions decreases with
increasing number of amino acids fused to the N terminus of
the enzyme.
Some minor variations in the enzymatic activity were also

observed in some of the highly active short NPT II fusions.
This is exemplified by a comparison of the results obtained
with plasmids pKm2 and pKm9 which express the authentic
neo gene or a short lacZ/neo fusion under the control of the
lac UV5 promoter (Figure 2, panel 1). As shown in the maxi-
cell experiment (Figure 4B), similar amounts of protein were
synthesised in both cases and also a similar level of KmR (> 1
mg/ml) was determined in the plating assay (Figure 2).
However, upon closer inspection in the in vitro NPT II assay,
the enzymatic activity induced by the lac fusion, and there-
fore also its specific activity, was found to be - 5-fold lower
(Figure 2). This change must be related to the N-terminally
added nine amino acids, since the lac/NPT II fusion protein
was present in the cell extracts in its predicted slightly increas-
ed size and, as such, enzymatically active as demonstrated by
the comparison with the authentic NPT II in SDS-PAGE and

pKm2 EcoRI 8911 ItkKm22 AkKim2
CAGGAAACAGCTATGACCATGATTACGGATTCACTGGAATTCCAGATCTGATCAAGAGACAGGATGAGGATCGTTTCGCAT TTGAAC ATGGA

Met leGluGinAspGly

pl m9
CAGGAAACAGCTATGACCATGATTACCAAGCTAGCTTGG

MetThrMetIleThrLysLeuAlaTrp
pKml 33
CAGGAAACAGCTATGACCATGATTACCAAGCTT --123-- AAGAAGATCATGTGG

MetThrMetIleThrLysLeu ---41-- LysLysIteMetTrp
pKm4
CAGGAAACAGGATCCGGCCCATGATCATGTGG

Met leMetTrp
pKm936
CAGGAAACAGGATCCGGCCCATGATCCAGAGG -- 921-- AAGAAGATCATGTGG

MetI*eGInArq --307-- LysLysIteMetTrp
pKm325
AAGGAAGCTAAAATGGAGAAAAAA --192-- GCTCATCCGGAATTCCCCGGATCCGGCCAAGCTAGCTTG

MetGluLysLys -- 64-- A(aHisProGluPheProGlySerGlyGlnAlaSerLeu
pPN1 180
GGAGGGAGACGATTTTGATGAAATTATGG --894-- AACATGCCGGATCCGGCCAAGCTAGCTTGG

MetLysLeuTrp --298-- AsnMetProAspProAlaLysLeuAlTrp
pPEN 109
GGAGGGAGACGATTTTGATGAAATTATGG --288 TCAATAGAAGATCCGGCCAAGCTAGC TTGG

MetLysLeuTrp ---96-- SerIIeGluAspProAIaLysLeuAaTr p
pPKml 6
GGAGGGAGACGATTTTGATGAAATTATGGTTCAGTACTTTAAAACTGAAAAAGGCCCAAGCTTGG

MetLysLeuTrpPheSerThrLeuLysLeuLysLysA*aGInAIaTrp
pPFKm6
GGAGGGAGACGATTTTGATGAAATTATGGTTCAGTACTTTAAAACTAAAACCAAGCTTG

Me t LysLeuTr pPheSerTh r LeuLysLeuLysPr oSe rLeu
pPKml
GGAGGGAGACGATTTTGATGCCAAGCTTG

Me tProSerLeu

ATTGAACAAGATGGA
IteGluGlnAspGty

ATTGAACAAGATGGA
(eGluGinAspGty

ATTGAACAAGATGGA
leGluGinAspGly

ATTGAACAAGATGGA
IIeGIuGtnAspG(y

GATGGA
AspGt y

ATTGAACAAGATGGA
teGluGInAspGly

ATTGAACAAGATGGA
IteGluGlnAspGly

ATTGAACAAGATGGA
IeGluGInAspGty

GATGGA
AspGI y

GATGGA
AspGI y

Fig. 3. Junction sequences of gene fusions encoding the N-terminal NPT II fusion proteins shown in Figure 2. The names of the plasmids and the N-terminal
amino acid sequence of the NPT II fusion is given. The N terminus of the authentic NPT 1I protein is represented by pKm2. The 5' deletion endpoints of
the neo genes in pKm21 and pKm22 are indicated and the putative SD-sequences underlined.
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Fig. 4. Analysis of N- and C-terminal NPT II fusion proteins by (A) SDS-PAGE and (B) NPT II-ndPAGE assay. (A) Panel 1, 2, 4. Plasmid-encoded pro-

teins were labelled with [35S]methionione in maxicells and analysed in SDS-PAGE (10%). Positions of authentic NPT II, of penP-encoded authentic (3-

lactamase precursor (-lac), of pBR322-encoded penicillinase precursor (bla) and of pJKK3-l-encoded Tet protein (Tet) are indicated. The authentic Tet pro-

tein, NPT II and (3-lactamase encoded by pPN2 (Sprengel, 1983) were used as references. Panel 3. Crude cell extracts from short ,-lactamase/NPT II fusions
separated by SDS-PAGE (10%) after Coomassie blue staining. The position of the authentic NPT II is indicated. (B) Crude cell extracts used in A were

analysed by NPT II-ndPAGE assay (see Materials and methods). The position of the authentic NPT II is indicated. In lane pKm936 a longer exposure show-
ed an additional band in the position of the authentic NPT II.

the NPT II-ndPAGE assay (Figure 4A, B).
A detailed analysis of the short penP/neo fusions pPKm 1,

pPKm6 and pPKm16, also indicates differences in the
specific activities of the chimeric enzymes: SDS-PAGE
analysis of crude cell extracts (Figure 4A, panel 3) revealed
that the two constructs containing additional 11 (pPKm6) and
13 (pPKm 16) N-terminal codons from the penP gene express
higher levels of NPT II-like proteins than fusion pPKml
which adds only one amino acid to the NPT II and whose
gene product was not visible in the SDS-PAGE analysis. The
increased expression obtained from pPKm6 and pPKml6 is
most likely due to the maintenance of the fully intact bacterial
ribosome binding site in these constructs which include
nucleotides following the AUG initiation codon (Stormo et
al., 1982). Regarding the NPT II activity expressed (Figure 2),
these increased protein yields are most likely compensated by
a loss in specific activity caused by the addition of extra
N-terminal amino acids. For pPKm6 this interpretation is
supported by the NPT II-ndPAGE assay showing this NPT II

fusion as a distinct band of different electrophoretic mobility
and of lower enzymatic activity than the pPKml fusion
(Figure 4B). However, in the same assay a radioactive smear
indicates that, for the closely related pPKml6 protein, only
degradation products and not the fusion protein itself are en-
zymatically active. This different behavior of the pPKm13
and pPKm16 fusions may be related to the fact that these
were derived from neo gene variants which differ at their
N-terminal junction sequence by three amino acids which
may influence the stability and activity of the fusion protein.
Long amino-terminal fusion proteins
In contrast to the short fusions, the longer fusions showed no

simple correlation between protein expression and KmR. This
is mainly due to the fact that most of the longer fusion pro-
teins are not enzymatically active as such and had to be con-

Dde
PKm2 CTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAATGACCGACCA

LeuLouAspGI uPhoPhe***

p0m243 CTTCTTGACGAGTTCTTC CAAGCTTTAATGCGGTAGTTTATCACAGTTAAA
LeuLsuAspGluPhePhe GlnA ILeue tAr+qf*

pKm243/T CTTCTTGACGAGTTCTTC CAAGCTTTAAATGTTAATTTGCCCTTOGAC
LeuLeuAspGiuPhePhe GlnAIlLeuAsnValAsnLeuProLeuAsp +253 as

pKin243/t

pKm243/Te t

CTTCTTGACCAGTTCTTC CAAGCTTAGCAGCTGAAAAACAGTTTACAGATG
LeuLeuAspGl uPhePhe G1 nAl ***

CTTCTTGACGAGTTCTTC CAAGCTTGGCCGGATCCTCTACGCCGGACG
LeuLeuAspGtuPhePhe GInAlaTrpProAspProLeuArgArgThr 4293 so

pKom243-2/Tot CTTCTTGACGAGTTCTTC CCGGATCCTCTACGCCGGACGCATCGTGGC
LeuL@uAspGtuPhoPhe ProAspProLeuArqArgThrHisArgGly +290

resistanc,

j 1000

X t 000

1000

200

20

PKm243-1 CTTCTTGACGAGTTCTTC CCAAGCTTTAATGCGGTAGTTTATCACAGTTAA 0
LOuL@uA9pG1uPhePhe ProSerPheAsnAtaVaIVclTyrHcSeSr **

Flg. 5. Junction sequences of gene fusions encoding C-terminal NPT II fu-
sion proteins. Names of plasmids, length and initial sequence of C-terminal
fused amino acids are given. The C terminus of the authentic NPT II is
represented by pKm2. KmR levels of the E. coli host cells are included.

verted into products with NPT II activity by proteolytic
cleavage.
An example providing evidence for this interpretation is the

NPT II fusion pKm133. This construct contains a 43-codon
spacer from foot-and-mouth disease virus (FMDV) cDNA
between the authentic lac translation start and the neo gene of
pKm9. In the maxicell experiment the corresponding fusion
protein was as efficiently expressed as that of pKm9 and syn-
thesized in its full size (Figure 4A). Nevertheless, the potential
to direct KmR was very low (- 100 ,ug/ml) compared with the
short lac fusion pKm9 which was synthesized in similar
amounts but conferred KmR of the order of 1 mg/ml.

This difference between the two constructs is explained by
the results of the NPT II-ndPAGE assay (Figure 4B) which
showed that the lac fusion of pKm9 represents an en-

zymatically active fusion protein, whereas there was no en-
zymatic activity detected at positions expected for the
pKm 133 fusion. The only enzymatically active protein found
was indistinguishable from the authentic NPT II. Thus the
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pKm 133 fusion protein had no enzymatic activity itself but
became enzymatically active only if proteolytically processed
to a protein similar in size to that of the authentic NPT II.
The results obtained with the long FMDV fusion protein,

expressed by pKm936, also support the notion that only the
proteolytically trimmed proteins are enzymatically active.
This plasmid was derived from pKm4 by insertion of a
FMDV cDNA segment coding for 312 amino acids between
the synthetic translation start and the neo coding region
(Figure 2). Compared with its progenitor, the fusion pKm936
induces only a reduced NPT II activity as determined by the
KmR and the NPT II in vitro assay (Figure 2). This reduction
of enzymatic activity is accompanied by a decrease in the
amount of fusion protein detectable in the maxicell analysis
and the appearance of a series of proteolytic degradation pro-
ducts that range from the predicted size for the fusion protein
(64 kd) to the size of the authentic NPT II (Figure 4B). Only
one band, co-migrating with the authentic NPT II, was en-
zymatically active in the NPT II-ndPAGE assay (Figure 4B)
whereas a set of longer fusion proteins showed no activity
(Figure 4B). Thus again a long N-terminal NPT II fusion pro-
tein had to be proteolytically processed to release an en-
zymatically active protein indistinguishable from the authen-
tic NPT II.

Further evidence supporting the necessity for a rather
precise proteolytic trimming of long N-terminal NPT II fu-
sions was obtained with two long fusions to the -lactamase
which contain nearly the complete penP coding sequence (304
out of 307 amino acids; pPN1 180) or the first third of the 3-
lactamase (pPEN109) (Figure 2). In this case only the longer
fusion induced a high level of KmR and NPT II activity. This
unexpected result is explained by the rapid degradation of the
long fusion pPN1 180 giving rise to two prominent proteins
similar in size to the authentic (-lactamase and the NPT II,
whereas no degradation products of the shorter fusion
became visible in the maxicell experiment (Figure 4A). How-
ever, the levels of short fusion protein (pPEN109) detected
were lower than those of the long fusion (pPN1 180), in-
dicating that the short fusion is probably also in part proteo-
lytically degraded to a series of products not visible as distinct
bands. Nevertheless, in both cases, only degradation products
with identical electrophoretic mobility showed a major NPT
II activity in the NPT II-ndPAGE assay (Figure 4B) suppor-
ting the hypothesis that the different degree of precision in
proteolytic trimming causes the difference in the resistance
level observed. In addition, the NPT II-ndPAGE assay of the
longer fusion revealed a minor enzymatically active protein of
much lower electrophoretic mobility, indicating that longer
NPT II fusion proteins may also be enzymatically active.

The CAT fusion protein examined represents a noteworthy
exception within the set of longer NPT II fusion proteins.
This fusion adds 81 amino acids to the N terminus of the
NPT II and confers resistance to high levels of Km
(500 /tg/ml). The protein is efficiently expressed in its ex-
pected size (Figure 4A) and is itself enzymatically active, as
the NPT II-ndPAGE assay shows an electrophoretic behavior
of an enzymatically active protein as expected for the fusion
(Figure 4B). Upon prolonged exposure of the autoradiogram
of this assay a series of minor enzymatically active degrada-
tion products could be detected ranging in size down to the
lac fusion of pKm9 (not shown) which indicates that also par-
tial degradation products of the CAT/NPT II fusion were en-
zymatically active. These results show that exceptional cases
exist where an extended N terminus does not interfere
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substantially with enzymatic activity. Therefore, not only the
length of the extension but also the particular structure of the
sequence added affects the enzymatic activity of the NPT II
moiety in a chimeric protein, either by folding into a domain
of its own or by showing only a low degree of secondary
structure. It should be noted in this context that the CAT se-
quence fused contains an unusually high fraction of
hydrophilic amino acids.
Carboxy-terminal fusion proteins
We also examined whether the NPT II enzyme would tolerate
the addition of foreign amino acids to its C terminus without
loss in enzymatic activity. As this end of the protein is highly
conserved between different NPT II proteins (Beck et al.,
1982) we aimed to construct fusions maintaining its com-
plete amino acid sequence. This was achieved starting from
plasmid pKm2 using a conveniently located DdeI site that
overlapped with the translation termination codon of the neo
gene. As detailed in Materials and methods, this site was con-
verted to a HindIII or BamHI site creating plasmids pKm243,
pKm243-1 and pKm243-2/Tet, which contain the intact neo
gene fused at its 3' end to vector sequences as expected
(Figure 5). Starting from these, other plasmids containing
C-terminally modified NPT II proteins (also listed in Figure
5) were obtained by addition of synthetic adapter sequences
and of differently truncated coding sequences derived from
the SV40 early region (Tooze, 1981) or from the Tet gene of
plasmid pBR322 (Suttcliffe, 1978) thus creating a set of short
and long fusions with additional 2, 5, 10, 263, 300 and 303
amino acids, respectively. The resulting constructs were com-
pared with respect to KmR in E. coli (Figure 5) and some of
them for the size and activity of the NPT II hybrids synthesiz-
ed (Figure 4A and B).

Although not as detailed as compiled for the N-terminal
fusions in Figure 2, these constructs show that both long and
short C-terminal fusions may lead to active or inactive NPT
II proteins. Short fusions adding two amino acids
(pKm243/t) or five amino acids (pKm243) were highly active,
another one adding 10 amino acids (pKm243-1) was not
(Figure 4B), even though it was expressed in maxicells stably
and equally as well as the pKm243 fusion (Figure 4A). This
suggests that the change in the amino acid sequence following
the NPT II from Gln-Ala-Leu to Pro-Ser-Phe may have
drastically influenced the activity of the enzyme. This inter-
pretation is supported by a comparison of the results from the
two long fusions pKm243/Tet and pKm243-2/Tet which link
the NPT II to 299 amino acids of the Tet protein encoded in
pBR322. The two constructs differ only in the linking se-
quence: pKm243-2/Tet is fused via a Pro residue whereas
pKm243/Tet is fused via Gln-Ala-Trp-Pro. This difference of
three inserted amino acids results in a drastic increase in
enzymatic activity from 20 pjg/ml in pKm243-2/Tet to
200 jig/ml in pKm243/Tet, again suggesting that a neigh-
bouring Pro residue may directly or indirectly disturb the
enzymatically active structure of the NPT II.
Another long fusion plasmid, pKm243/T, encodes the

C-terminal 262 amino acids of the SV40 T-antigen fused to
the full length NPT II enzyme encoded in pKm243. This
plasmid did not induce any KmR in E. coli suggesting that
long C-terminal fusions may be inactive even if linked by the
same Gln-Ala-Leu sequence that does not interfere with the
NPT II activity in a short fusion like pKm243, and which is
also very similar to the Gln-Ala-Trp linkage in the active NPT
II/Tet fusion encoded in pKm243/Tet.



NPT n fusion proteins

Concluding remarks
Gene fusions leading to enzymatically active chimeric pro-
teins were first described for the E. coli ,B-galactosidase by
Muller-Hill and Kania (1974), and in vivo and in vitro tech-
niques have been employed to construct and to select for
many ,B-galactosidase fusions. The results described in this
report indicate that our terminally modified NPT I1 may be
used in an analogous manner, but without being limited to
E. coli as a host. In addition, we describe changes in the en-
zymatic activity and the stability of the NPT II-like proteins
induced by the added amino acid sequences, whereas there
have been only fragmentary reports on such changes for the
,-galactosidase (Zabeau and Stanley, 1982; Ruther and
Muller-Hill, 1983). For the NPT II the enzymatic activity of a
fused protein seems to be influenced by two factors, namely
the size and the amino acid sequence added. In N-terminal fu-
sions the negative influence of leading amino acid sequences
was found to increase mainly with their length, unless a fold-
ing of the fusion protein allowed a processing and release of
enzymatically active degradation products. In contrast, the en-
zymatic activity of the C-terminal fusions seem to depend
much more on the amino acid sequence at the junction. This
difference is in keeping with the finding that the neo gene
tolerates extensive deletions at its 5' end (J. Davies, personal
communication) but not at its 3' end (Beck et al., 1982). The
preliminary data presented suggest that especially a proline
residue in the immediate vicinity of the C terminus of the
NPT II seems to lead to inactive proteins irrespective of the
length of the fusion.
The fact that not all fusion proteins were enzymatically ac-

tive and that active NPT II can easily be monitored quan-
titatively and qualitatively opens an experimental approach to
select for and to examine amino acid sequences which do not
interfere with the proper folding of the NPT II and/or which
facilitate correct processing to the active enzyme. The use of
such optimized junction sequences should allow us, in princi-
ple, to obtain essentially identical, enzymatically active
degradation products for any fusion protein constructed. It
should also allow the insertion and fusion of the coding
region of the neo gene in-phase at both ends into reading
units of interest with the hope of always obtaining NPT II ac-
tive products from the chimeric gene. If so, the neo gene
could be used as universal probe to analyse the activated state
of genes. Studies with our present neo constructs in several
plant cell systems (J. Schell, H.J. Bohnert, B. Hohn and
M. Van Montagu, personal communications) and in monkey
cells (Reiss, unpublished) recently demonstrated the universal
applicability of enzymatically active NPT II fusions.

Materials and methods
Plasmid constructions
All molecular cloning procedures were performed according to Maniatis et al.
(1982).
Plasmids encoding neo genes with a deleted start codon
In plasmids pKm22 and pKm21 the first or the first four amino acid codons of
the neo gene are deleted and replaced by a synthetic HindIII linker (Beck et
al., 1982). Further restriction sites providing the opportunity to fuse the neo
gene to all possible reading frames were introduced in front of the neo gene as
follows: starting from pKm22, pKmlO9/3 was created by substitution of the
EcoRI/HindIII lac promoter fragment with a shorter lac promoter fragment
(Weiher and Schaller, 1982) which contains an additional BamHI site im-
mediately in front of the HindIII site. The phasing of the BamHI restriction
site relative to the neo reading frame was altered by 'filling in' the sticky
HindIll ends with DNA polymerase I (Backman et al., 1976) and re-ligation
to create pKmlO9/9. To obtain the BamHI site in the third frame the

HindIII/Sall neo gene fragment of pKmlO9/3 was substituted for the
HindIII/Sall neo gene fragment of pKrn21 creating pKmlO9/90 (see Figure 1).
Plasmids encoding N-terminal NPT IIfusion proteins
LacZfusions. pKm9 was derived from plasmid pKm22 by filling in the sticky
HindIII ends with DNA polymerase I and re-ligation. For the construction of
pKm4 a Bcll linker fragment (CATGATCATG; a gift from H. Seelinger,
Ulm) was inserted by blunt end ligation into HindII-linearized pKmlO9/3
after treatment with nuclease SI. In pKm4, a 936-bp Sau3A fragment from
the FMDV cDNA clone pFMDV1034 (positions 3045-3981; Kurz et al.,
1981) was introduced into this Bcel site thus creating pKm936. This fragment
encodes a continuous reading frame for most of the viral coat protein VP1
plus the beginning of a non-structural protein (pl4). pKml33 was obtained
from pKm936 by exchanging the lac promoter and the first two thirds of the
FMDV fragment up to an internal HindIII site (position 3848) against the
EcoRI/HindII lac promoter fragment of pKm22.
CA Tfusions. pKm325 was obtained from pBR325 (Bolivar, 1978; Prentki et
al., 1981) by exchange of the 1857-bp EcoRI/Sall fragment containing the
C-terminal part of the CAT gene against a 1150-bp EcoRI/SalI fragment con-
taining the neo gene from pKm2l plus the following oligonucleotide linker se-
quence 5' added: (5' GGAATTCCCCGGATCCGGCCAAGCTAGCTTG
3'; Reiss, 1982).
penPfusions. pPKml, pPKm6 and pPKml6 were obtained as follows. The
penP gene of B. licheniformis as cloned in phage fd/penl500-2 (Neugebauer
et al., 1981) was digested to a limited extent with exonuclease Bal31 (Beck et
al., 1982) at the PstI site located 16 amino acids downstream from the initia-
tion codon of thepenP gene. After addition of HindIII linkers and restriction
nuclease cleavage, EcoRI/HindlII fragments of - 250 bp containing the pro-
moter and translational start site of the penP gene were isolated and ligated
simultaneously in-phase to the neo gene provided by a mixture of
HindIII/Sall neo gene fragments derived from pKm21 and pKm22 and the
EcoRI/SalI cleaved B. subtilislE. coli shuttle vector pJKK3-1 (Kreft et al.,
1983). The ligation mixture was transferred into E. coli and plasmids directing
high levels of KmR were analysed by sequence analysis. Three of those isolates
are represented by pKml, pKm6 and pPKml6. Plasmid pPEN109 was con-
structed using again the EcoRI/Sall linearized vector pJKK3-1. Now,
however, the authentic EcoRI/BglII penP fragment (Neugebauer et al., 1981)
encoding the penP expression signals and the N-terminal 104 amino acids of
the 13-lactamase was inserted together with the BamHI/Sall neo gene frag-
ment of pKmlO9/9. pPN1 180 was obtained in an analogous way except that
an EcoRI/BamHI penP gene fragment was used which contains, in addition
to the expression signals, 304 out of the 307 amino acid codons of the penP
gene (Sprengel, 1983).
Plasmids encoding C-terminal NPT IIfusions
Plasmids pKm243, pKm243-1 and pKm243-2/Tet were derived from pKm2
(Beck et al., 1982). After digestion with DdeI the DNA fragments were treated
by nuclease SI to render the 5'-overlapping ends flush and added to a mixture
of HindIII and BamHI linkers. The ligated DNA was cleaved with
EcoRI/BglII or EcoRI/HindIII and fragments containing the neo gene were
then recloned into the expression vector pEX150 (Weiher, 1982) via the ap-
propriate restriction sites. Plasmid pKm243/T was constructed by exchange
of the HindlII/BamHI fragment of pKm243 for a similar fragment of SV40
DNA (943 bp; position 3476-2533; Tooze, 1981) containing part of the
T-antigen coding region. pKm243/t was obtained by insertion of another
HindIII/BamHI fragment of SV40 DNA (825 bp; position 1708 -2533) into
pKm243. Plasmid pKm243/Tet was obtained by exchange of the HindlII/
Sall fragment of pKm243 for an analogous fragment of pBR322/ADI6 con-
taining the HindIII/BamHI adapter AD16 (Schaller, unpublished) inserted in-
to the BamHI site of pBR322.
Sequencing procedure
DNA sequencing was performed essentially as described by Maxam and
Gilbert (1980). Occasionally sequencing gels were dried in order to enhance
band sharpness and to shorten exposure times (Garoff and Ansorge, 1981).
Labeling ofplasmid-encoded proteins in maxicells
U.v.-irradiated and starved E. coli CSR603 cells (Sancar et al.. 1979)
transformed with the plasmids indicated were incubated for 40min with [35S]-
methionine, lysed and extracts analysed by SDS-PAGE as described by Laem-
mli (1970). To detect [35S]methionine-labelled proteins the gels were dried
under vacuum and exposed to Agfa X-ray films.

Test for kanamycin resistance
E. coli C600 cells (Herrmann et al., 1980), transformed with plasmids of in-
terest, were selected by ampicillin (pBR322 derivatives) or tetracycline
(pJKK3-1 derivatives) and transferred with toothpicks onto agar plates con-
taining different concentrations of Km and incubated for 16 h at 37°C.
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NPT II-ndPAGE assay
For the preparation of cell extracts analysed in the assay, exponentially grow-
ing E. coli cells (20 ml) were harvested at a density of 4 x 108 cells/ml, spun
down and resuspended in 0.5 ml 10 mM Tris-HCI, 10 mM MgCl2, 25 mM
NH4Cl, 0.6 mM ,3-mercaptoethanol pH 7.4 and sonicated to open the cells.
Aliquots of 20 id of these crude cell extracts were separated by non-denaturing
PAGE (10%) and the position of enzymatically active NPT II-like proteins in
the gel was determined by in situ phosphorylation of Km using [-y-32P]ATP as
substrate. The assay was performed as described (Reiss et al., 1984).
In vitro assay ofNPT II activity
The NPT II in vitro assay was performed essentially as described (Haas and
Dowding, 1975) except that toluene-treated E. coli cells (McKenney et al.,
1981) were used instead of crude E. coli cell extracts. The unit of enzymatic
activity was defined to be the amount of NPT II enzyme phosphorylating
I pmol of Km in 30 min at 37°C in that test.

Weiher,H. and Schaller,H. (1982) Proc. Natl. Acad. Sci. USA, 79, 1408-
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