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1. INTRODUCTION

Membrane alanyl aminopeptidase (APN, EC 3.4.11.2) is a 150-kDa metalloprotease
which has been identified as the leukocyte surface differentiation antigen CD13'. In hu-
mans the APN gene is located on the long arm of chromosome 15 (ql1-qter) * with the
coding part of the gene encoded by 20 exons’. Within the haematopoetic system APN is
dominantely expressed in cells of the myelo-monocytic lineage and is used, therefore, as a
standard marker in the diagnosis of leukaemia. Aminopeptidase N of leukocytes is sup-
posed to be involved in the degradation of neuropeptides® ’ and cytokines™’, but its func-
tion remains to be fully elucidated. APN may function as a corona virus receptor'® " and
seems to contribute in tumor invasion and matrix degradation'*'*. APN is also implicated
in antigen processing'®. Furthermore, anti-CD13 monoclonal antibodies have been shown
to neutralize CMV'". In recent years evidence accumulated showing that malignant B and
T cells'™ ** as well as activated T cells**?* are capable of expressing APN on the cell sur-
face. A similar mechanism of induction may underlie the CD13 surface expression of tu-
mor infiltrating T cells’’, or T cells® and NK cells” derived from local sites of
inflammation.

T cell lines H9 and HuT78 have been shown to contain both neutral aminopeptidase
activity and high amounts of APN-mRNA?*". Determination of the exact copy number of
APN transcripts by competitive PCR'" indicated that APN-mRNA represents an abun-
dance class I mRNA-species in these cell lines.

Here we describe the induction of aminopeptidase activity, CD13 surface expres-
sion, and APN-mRNA contents in response to T cell activation. Furthermore, we show
that inhibition of either aminopeptidase activity or APN-gene expression decreases T cell
proliferation and alters their cytokine production.
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Figure 1. Capability of a panel of T cell activating agents to induce Ala-pNA-hydrolysing activity. T cells en-
riched by nylon wool adherence were cultured in RPM11640 / 10% FCS in the presence of the stimulants indicated
together with 10 nM PMA for 3 days. Cells were harvested and Ala-pNA-hydrolysing activity was measured in the
cell lysate as described previously”. Concentrations of the stimulants were as follows: phytohaemagglutinine
(PHA-L) and concanavalin A (ConA) Iug/ml each, 2 pg/ml pokeweed mitogen (PWM), 50 units/ml 1L-2. 100
ng/ml aCD3 or aCD28.

2. INDUCTION OF Ala-pNA-HYDROLYSING ACTIVITY

Resting peripheral T cells contain only minute amounts of Ala-pNA-hydrolysing ac-
tivity (4.8 pkat/10° cells). However, in response to activation T cells gradually increase
their neutral aminopeptidase activity reaching peak levels of up to 31 pkat/10° cells 3 to 4
days after activation. As shown in figure 1, different stimulating agents all induce T cell
aminopeptidase activity, although with different efficiency. Ala-pNA-hydrolysing activity
of activated T cells could not simply attributed to aminopeptidase N. However, support for
the assumption that the increase in activity is due to an increase of APN expression comes
from the observed induction of CD13 surface expression and APN-mRNA levels in re-
sponse to T cell activation (see below).

3. INDUCTION OF CD13 SURFACE EXPRESSION

Freshly isolated peripheral T cells are CD13-negative by cytofluorimetric anlysis or
other techniques of similar sensitivity, however, when activated by PHA-L/PMA or
ConA/PMA T cells rapidly become CD13-positive. The increase in CD13 surface expression
is detectable as early as 20 hours after activation and is reaching peak levels after 48 to 72
hours. Although the CD13-density per cell is rather weak. about half of the activated cells are
positive by cytofluorimetric analysis and nearly 100 % of cells are CD13-positive when ana-
lyzed by fluorescence microscopy as shown in figure 2. Obviously, there is an induction of
both intracellular and surface-associated CD13 in response to T cell activation.

4. ACTIVATION-DEPENDENT INCREASE OF APN-mRNA
CONTENTS

Activation of T cells goes along with a dramatic increase of APN-mRNA contents,
as shown recently by both RNase protection assay and dot-blot hybridization®. Studying
the time course of APN-mRNA induction by RT-PCR we found that trace amounts only of



Activation-Dependent Induction of T Cell Alanyl Aminopeptidase 61

" resting Tcells | PHA/PMA activated T cells "PHA/PMA activated T cells
20 hours 72 hours

Figure 2. CD13-immunostaining of resting and activated T cells. T cells were cultured as described in legend to
figure 1. Resting cells were analyzed after one day of culture in medium only. PHA-L/PMA-activated T cells were
analyzed 20 or 72 hours after stimulation. Fifty microliters of cell suspension (5x10° cells/ml) were used for im-
munostaining of internal or membrane associated CD13 by means of the antiCD13 mab (clone WM15, Dianova)
and the cell permeabilization kit (Dianova), essentially as recommended by the supplier. Normal goat serum was
included to block unspecific binding of the secondary antibody, goat-anti-mouse conjugated to texas red). Controls
lacking the primary antibody showed no fluorescence (not shown). Resting T cells (left) showed low CD13-im-
muno-reactivity, which increased gradually in response to T cell activation. Middle: 20 hours, right: 72 hours after
activation. Cells were analyzed by video fluorescence microscopy (Axiovert 135 TV (Zeiss): Fluar x100 oil im-
mersion, filter set 00 (Zeiss), 3CCD video camera (Sony). contron frame grabber) Integration: 250 fields for rest-
ing cells, 150 fields for cells activated 20 hours, 50 fields for cells activated 72 hours.

APN-mRNA are detectable until 24 hours after stimulation by PHA-L/PMA, but maxi-
mum APN-mRNA levels occur 3 days after activation and represent an 8-fold increase,
approximately (figure 3).

5. INHIBITION OF APN ENZYMATIC ACTIVITY OR
APN-TRANSCRIPTION

5.1. Aminopeptidase Inhibitors

The potent aminopeptidase inhibitor bestatin has been reported to influence the pro-
liferation of a wide variety of cells***. Bestatin strongly inhibits both leucyl-aminopepti-
dase and soluble arginyl-aminopeptidase at sub-micromolar concentrations and partially
inhibits APN and probably a number of other aminopeptidases at higher concentrations as
well. The aminopeptidase inhibitors probestin and actinonin appear to be more specific, at
concentrations up to 10 pM both effectors predominantely inhibit APN**?*. Therefore, the
effects of bestatin on the DNA synthesis of activated T cells were compared to those ob-
served with probestin and actinonin. As it is shown in figure 4, all inhibitors provoked a
significant reduction of DNA synthesis at micromolar concentrations in a dose-dependent
manner. At 5 UM probestin caused a 50% reduction of DNA synthesis, whereas bestatin
and actinonin reduced DNA synthesis to less than 35% of control. Actinonin and bestatin
were equally effective in inhibiting DNA synthesis suggesting that this effect is indeed
due to the inhibition of APN.
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Figure 3. Induction of APN-mRNA in the course of T cell activation. RT-PCR. was performed using 500 ng total
RNA from T cells harvested after 1, 3, 5, 24, 48, or 72 hours (lanes | to 6) of activation by PHA-L/PMA. In a 20
ul -volume RNA was transcribed by 20 units of AMV reverse transcriptase (Boehringer Ingelheim) in the supplied
buffer with the addition of 0.5 mmol/l dNTP, 10 mmol/1 DTT, 50 mmol/l random hexanucleotides (Boehringer
Mannheim) and 50 units of placenta RNase inhibitor (Ambion) during a | hr incubation at 37°C. The enzyme was
inactivated by a 10 min incubation at 65°C and then one tenth of the reverse transcription reaction was used as the
template for the amplification reaction. Twenty five cycles were performed in an Autogene 11 (CLF) in 50 pl reac-
tion buffer containing 0.5 units Goldstar Tag-polymerase (Eurogentec), 0.5 mmol/l dNTP, and 100 ng of APN-spe-
cific primers (forward: gtctactgcaacgctatcg; reverse: gatggacacatgtgggeaccttg: yielding a S73 bp product). The
initial denaturing step was for 1.5 min at 95°C. Each cycle consisted of annealing for 0.7 min at 60°C, elongation
for 72°C for 1.0 min, and denaturing at 96°C for 0.3 min. The final elongation step was extended to 3.0 min. Ten
microliters of each reaction mixture was loaded on a 1.9% agarose gel and electrophoresed at 5V/cm in IxTBE
buffer and then stained with ethidium bromide.
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Figure 4. Inhibition of DNA-synthesis of ConA/PMA-activated peripheral T cells by amino-peptidase inhibitors
and APN-specific antisense oligodesoxyribonucleotides. T cells were grown as described in legend to fig.2. Ami-
nopeptidase inhibitors were applied simultaneously with the activation and oligodesoxyribonucleotides were given
one day prior to the activation. The final concentration of the effectors was as indicated at the bottom axis. After 3
days cells were pulsed with *H-methyl-thymidine (0.2uCi per well; Amersham) for six hours. Cells were harvested
onto glass fiber filters, lysed, washed with TCA and the TCA-unsoluble fraction of the incorporated radioactivity
was determined by scintillation spectrometry (betaplate, LKB Pharmacia, Sweden). Given is the mean of 6 experi-
ments * sd. * In the case of the oligonucleotides the antisense data were compared to the sense-control.
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5.2. APN-Specific Antisense Desoxyribonucleotides

Further support for the assumption that APN contributes in the cell proliferation ma-
chinery comes from the observation, that APN-specific antisense desoxyribonucleotides are
capable of significantly reducing the DNA-synthesis of activated T cells. Pre-incubation of T
cells for one day in the presence of 5 or 10 uM of the antisense desoxyribonucleotide AT1 (5'-
thio-CACCACTGACAGTGCGATG) followed by activation with ConA/PMA reduced
DNA-synthesis measured 3 days after activation to 83% or 65% of the corresponding sense
control AT2 (5'-thio-CATCGCACTGTCAGTGGTG) (figure 4). Similar results were ob-
tained using the T cell line H9 instead of peripheral T cells (not shown).

5.3. APN-Specific Antisense-Vector

As outlined above, both aminopeptidase inhibitors and APN-specific antisense
desoxyribonucleotides interfer with T cell DNA synthesis. This work has been extended
by showing that H9 cells transfected with an APN-antisense vector also grow at a mark-
edly reduced rate, compared to H9 cells transfected with the corresponding sense-vector.

The vector was constructed by inserting a 2785 bp HindlIl-fragment of the APN-
cDNA (kindly provided by T.A.Look') into pREP4 (Invitrogene). The ¢cDNA-fragment
was inserted adjacent to the RSV-promoter in either sense or antisense orientation.

Transfected H9 cells were grown in RPMI 1640 medium containing 10% fetal calf
serum for two days and then DNA-synthesis was measured as described earlier*’.

Figure 5 shows a 75% decrease of DNA-synthesis in the H9 cells transfected with
the APN-antisense vector compared to the sense control.

Inhibition of APN expression in H9 cells by an APN-antisense vector not only
changed the proliferation rate of H9 cells, but was also found to alter the production of
IL1-RA. Whereas in the supernatant of wild type H9 cells or sense transfectants less than
2 pg/ml of IL1-RA was detectable, that of H9 cells transfected with APN-antisense plas-
mid contained about 10 pg/ml IL1-RA, representing an fivefold increase in secreted IL -
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Figure 5. Inhibition of DNA-synthesis in H9-transfectants lacking APN expression. H9 cells and the derived
transfectants were seeded in 96well plates at a density of 10.000 to 50.000 cells/ 200pul medium per well. After 24h
cells were pulsed with *H-methyl-thymidine and DNA-synthesis was measured as described in legend to figure 4.
Activities of antisense transfectants and sense transfectants were in the range of 120 - 1100 or 1100 - 3580 cpm,
respectively. Given is the mean + sd of three independent experiments, with each value determined in triplicate.
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RA. IL1-RA concentrations in the supernatant were measured by ELISA (R&D Systems)
according to the protocol recommended by the supplier.

6. DISCUSSION

The data presented here prove the induction of APN gene and surface expression in
response to T cell activation. This induction has been shown on the level of APN-mRNA
as well as on the protein and enzymatic activity levels.

With respect to CD13 surface expression and neutral aminopeptidase activity, an in-
crease could be observed as early as 24 hours after stimulation, whereas a significant in-
crease in APN-mRNA levels has been detected after 2 or 3 days.

The combination of PHA-L/PMA appeared to be the most efficient one capable of
inducing APN/CD13 expression, but other stimulants were also effective. This suggests
that there is a link between T cell activation and the expression of APN/CD13.

As it is demonstrated by fluorescence microscopy (figure 2), nearly all T cells ac-
quire CD13 surface expression in response to T cell activation. Therefore, activation-de-
pendent CD13 surface expression cannot be assigned to a certain T cell subset. but should
be regarded as a general T cell activation marker instead.

Actinonin, bestatin and probestin have been shown recently to suppress DNA syn-
thesis of PHA-stimulated peripheral blood mononuclear cells and of IL-1-, IL-2- or
PHA/PMA-stimulated T cells***’. Extending this work, we show that APN-specific antis-
ense-oligodesoxyribonucleotides also significantly decrease DNA-synthesis of activated T
cells. This led us to propose APN playing a role in regulation of cell proliferation. Further
support for this assumption comes from the work on H9 cells transfected with APN antis-
ense or sense plasmids. As seen with peripheral T cells, the T cell line H9 showed a mark-
edly reduced DNA-synthesis when APN gene expression was inhibited by transfection of
an APN-antisense plasmid. The context provided by the data on aminopeptidase inhibi-
tors, APN-specific antisense oligodesoxyribonucleotides and the APN-antisense vector
strongly implies that APN indeed contributes in the cell proliferation process. This gives a
first clue on the function of APN in/on human T cells and might explain the observed acti-
vation-dependent induction of APN gene and surface expression.

Consistent with this view of APN as a regulator/modulator of cell growth is the abnor-
mal expression on malignant lymphocytes of CD13 in cases of acute lymphocytic leukaemia
(B-ALL) or chronic T cell lymphoma. It may well be, that CD13 contributes to the malignant
phenotype by promoting cell proliferation. In this context it is notable that there are a few
CD13-positive T cell lines existing, e.g. KARPAS (ACC31) or P12/Ichikawa (ACC34, Ger-
man Collection of Microorganisms and Tissue Cultures, Braunschweig, Germany).

Unfortunately, at present the answers are largely speculative, as to how APN might
affect the proliferation process. We propose, that APN proteolytically modifies peptides
(and/or their precursors) involved in growth stimulation or retardation. This might also ex-
plain the changes in the level of secreted IL-IRA in the culture supernatant of H9 cells
transfected with the APN-antisense plasmid.

In summary, our data demonstrate the induction of APN gene and surface expres-
sion in response to T cell activation. In addition the data are suggestive of APN playing a
role in the regulation or modulation of T cell proliferation. Although the mechanisms un-
derlying this postulated action of APN remain to be elucidated fully, one can expect APN
proteolytically activating or inactivating peptides involved in T cell growth.



Activation-Dependent Induction of T Cell Alanyl Aminopeptidase 65

7. ACKNOWLEDGMENTS

This work has been supported by the Deutsche Forschungsgemeinschaft, SFB 387.

Our thanks go to Christine Wolf, Ruth Hilde Hadicke and Helga Ossyra for expert techni-
cal assistance.

8. REFERENCES

Look, A.T., Ashmun, R.A., Shapiro, L.H., and Peiper, S.C. (1989). Human myeloid plasma membrane gly-
coprotein CD13 (gp150) is identical to aminopeptidase N. J. Clin. Invest. 83, 1299-1307.

Watt, V.M. and Willard, H.F. (1990). The human aminopeptidase N gene: 1solation, chromosome localiza-
tion, and DNA polymorphism analysis. Hum. Genet. 85, 651—-654.

Lerche, C., Vogel, L.K., Shapiro, L.H., Noren, O., and Sjostrom. H. (1996). Human aminopeptidase N is
encoded by 20 exons. Mammalian Genome 7, 712-713.

Furuhashi, M., Mizutani, S., Kurauchi, O., Kasugai, M., Narita, O.. and Tomoda, Y. (1988). In vitro degra-
dation of opioid peptides by human placental aminopeptidase M. Exp. Clin. Endocrinol. 92, 235-237.
Giros, B., Gros, C., Solhonne, B., and Schwartz, J.C. (1986). Characterization of amino- peptidases respon-
sible for inactivating endogenous (Met5)enkephalin in brain slices using peptidase inhibitors and anti-ami-
nopeptidase M antibodies. Mol. Pharmacol. 29, 281-287.

Ahmad, S., Wang, L., and Ward, P.E. (1992). Dipeptidyl(amino)peptidase 1V and aminopeptidase M meta-
bolize circulating substance P in vivo. J. Pharmacol. Exp. Ther. 260, 1257-1261.

Shimamura, M., Hazato, T., and Iwaguchi, T. (1991). Enkephalin-degrading aminopeptidase in the longitu-
dinal muscle layer of guinea pig small intestine: its properties and action on neuropeptides. J. Biochem. To-
kyo. 109, 492-497.

Kanayama, N., Kajiwara, Y.. Goto. J.. el Maradny, E., Maehara, K., Andou, K.. and Terao, T. (1995). Inac-
tivation of interleukin-8 by aminopeptidase N (CD13). J. Leukoc. Biol. 57, 129-134.

Hoffmann, T., Faust, J., Neubert, K.. and Ansorge, S. (1993). Dipeptidyl peptidase IV (CD 26) and ami-
nopeptidase N (CD 13) catalyzed hydrolysis of cytokines and peptides with N-terminal cytokine se-
quences. FEBS Lett. 336, 61-64.

Delmas, B.. Gelfi, J., L'Haridon, R., Vogel, L.K., Sjostrom, H., Noren, O., and Laude, H. (1992). Ami-
nopeptidase N is a major receptor for the entero-pathogenic coronavirus TGEV. Nature 357, 417-420.
Delmas, B., Gelfi, J., Sjostrom, H., Noren, O., and Laude, H. (1993). Further characterization of aminopep-
tidase-N as a receptor for coronaviruses. Adv. Exp. Med. Biol. 342, 293-298.

Delmas, B., Gelfi, J.. Kut, E.. Sjostrom. H., Noren, O., and Laude, H. (1994). Determinants essential for
the transmissible gastroenteritis virus-receptor interaction reside within a domain of aminopeptidase-N that
is distinct from the enzymatic site. J. Virol. 68, 5216-5224.

Yeager. C.L., Ashmun, R.A., Williams, R.K., Cardellichio, C.B., Shapiro, L.H., Look, A.T., and Holmes,
K.V. (1992). Human aminopeptidase N is a receptor for human coronavirus 229E. Nature 357, 420-422.
Saiki, 1., Fujii, H., Yoneda, J.. Abe, F., Nakajima, M., Tsuruo, T., and Azuma, 1. (1993). Role of aminopep-
tidase N (CD13) in tumor-cell invasion and extracellular matrix degradation. Int. J. Cancer 54, 137-143.
Fujii, H., Nakajima, M., Saiki. I., Yoneda, J., Azuma, 1., and Tsuruo, T. (1995). Human melanoma invasion
and metastasis enhancement by high expression of aminopeptidase N/CD13. Clin. Exp. Metastasis /3,
337-344.

Hansen. A.S., Noren, O., Sjostrom, H., and Werdelin, O. (1993). A mouse aminopeptidase N is a marker
for antigen-presenting cells and appears to be co-expressed with major histocompatibility complex class I
molecules. Eur. J. Immunol. 23, 2358-2364.

Giugni, T.D., Séderberg, C., Ham, D.J., Bautista, R.M., Hedlund, K.-O., Méller, E., and Zaia, J.A. (1996).
Neutralization of human cytomegalovirus by human CD13-specific antibodies. The Journal of Infectious
Diseases /73, 1062—1071.

Hsu, P.N., Tien, H.F., Wang, C.H., Chen, Y.C., Shen, M.C., Lin, D.T,, Lin, K.H., Liang, D.C., and Lin, K.S.
(1991). A subset of acute lymphoblastic leukemia with co-expression of myeloid antigens: prevalence and
clinical significance. J. Formos. Med. Assoc. 90, 225-231.

Hara, J., Kawa Ha, K., Yumura Yagi, K., Kurahashi, H., Tawa, A_, Ishihara, S., Inoue, M., Murayama, N.,
and Okada, S. (1991). In vivo and in vitro expression of myeloid antigens on B-lineage acute lymphoblas-
tic leukemia cells. Leukemia 5, 19-25.



66

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

U. Lendeckel er al.

Ferrara, F., De Rosa, C., Fasanaro, A., Mele, G., Finizio, O., Schiavone, E.M.. Spada, O.A., Rametta, V..
and Del Vecchio, L. (1990). Myeloid antigen expression in adult acute lymphoblastic leukemia: clinicohe-
matological correlations and prognostic relevance. Hematol. Pathol. 4, 93-98.

Drexler, H.G., Thiel, E., and Ludwig, W.-D. (1991). Review of the incidence and clinical relevance of
myeloid antigen-positive acute lymphoblastic leukemia. Leukemia 5, 637-645.

Dreno, B., Bureau, B., Stalder, J.F., and Litoux. P. (1990). MY 7 moncclonal antibody for diagnosis of cuta-
neous T-cell lymphoma. Arch. Dermatol. /26, 1454-1456.

Dixon, J., Kaklamanis, L., Turley, H., Hickson, .D., Leek, R.D., Harris, A.L., and Gatter, K.C. (1994). Ex-
pression of aminopeptidase-n (CD 13) in normal tissues and malignant neoplasms of epithelial and lym-
phoid origin. J. Clin. Pathol. 47, 43-47.

Kunz, D., Biihling, F.. Hitter, H.J., Aoyagi, T., and Ansorge, S. (1993). Aminopeptidase N (CD13. EC
3.3.4.11.2) occurs on the surface of resting and concanavalin A-stimulated lymphocytes. Biol. Chem
Hoppe Seyler 374, 291-296.

Lendeckel, U., Wex, T., Reinhold, D., Kihne, T., Frank, K., Faust, J., Neubert. K., and Ansorge, S.. (1996)
Biochem. J. 379, 817-821.

Ansorge, S., Schon, E., and Kunz. D. (1991). Membrane-bound peptidases of lymphocytes: functional im-
plications. Biomed. Biochim. Acta 50, 799-807.

Riemann, D., Gohring, B., and Langner, J. (1994). Expression of aminopeptidase N/CD13 in tumour-infil-
trating lymphocytes from human renal cell carcinoma. Immunol. Lett. 42, 19-23.

Riemann, D., Schwachula, A., Hentschel, M., and Langner, J. (1993). Demonstration of CD13/aminopepti-
dase N on synovial fluid T cells from patients with different forms of joint effusions. Immunobiology /87.
24-35.

Biihling, F., Kunz, D., Lendeckel, U., Reinhold. D., and Ansorge. S. (1992). Aminopeptidase N (APN:
CD13) on natural killer cells from peripheral blood and synovial fluid. Immunobiology /86, 157—158.
Lendeckel, U., Wex, T., Kahne, T., Frank, K., Reinhold, D., and Ansorge, S. (1994). Expression of the ami-
nopeptidase N (CD13) gene in the human T cell lines HuT78 and H9. Cell. Immunol. /53, 214-226.

Wex, T., Lendeckel, U., Wex, H., Frank, K., and Ansorge, S. (1995). Quantification of aminopeptidase N
mRNA in T cells by competitive PCR. FEBS Lett. 374, 341-344.

Ino K., Goto S., Kosaki A.. Nomura S., Asada E., Misawa T., Furuhashi Y.. Mizutani S.. and Tomoda Y
(1991). Groth inhibitory effect of bestatin on choriocarcinoma cell lines mn vitro. Biotherapy 3. 351-357.
Ino. K., Isobe, K., Goto, S.. Nakashima, I., and Tomoda, Y. (1992). inhibitory effect of bestatin on the
growth of human lymphocytes. Immunopharmacology 23, 163—171

Ino, K., Goto, S., Okamoto, T., Nomura, S., Nawa, A., Isobe, K., Mizutani, S., and Tomoda, Y. (1994). Ex-
pression of aminopeptidase N on human choriocarcinoma cells and cell growth suppression by the inhibi-
tion of aminopeptidase N activity. Jpn. J. Cancer Res. 85, 927-933.

Sakurada K., Imamura M., Kobayashi M., Tachibana N., Abe K., Tanaka M., Okabe M., Morioka M.
Kasai M., and Sugiura T. (1990). Inhibitory effect of bestatin on the growth of human leukemic cells. Acta
Oncologica 29, 799—802.

Tieku, S. and Hooper, N.M. (1992). Inhibition of aminopeptidases N, A, and W. Biochemical Pharmacol-
ogy 44, 1725-1730.

. Aoyagi T., Yoshida S., Nakamura Y., Shigihara Y., Hamada M., and Takeuchi T. (1990). Probestin, a new

inhibitor of aminopeptidase M, produced by streptomyces azureus MH663- 2F6. The Journal of Antibiotics
XLIII, 143-148. 38. Yoshida S., Nakamura Y., Naganawa H., Aoyagi T., and Takeuchi T. (1990). Probestin,
a new inhibitor of aminopeptidase M, produced by streptomyces azureus MH663-2F6. The Journal of An-
tibiotics XL/III, 149—156.



