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Abstract—Following in vitro infection of an aseptic Catharanthus trichophyllus plant with Agrobacterium rhizogenes
(15834), six hairy root cultures were established. These were compared with normal root cultures, derrved from the
same plant, with respect to production of indole alkaloids. A rapidly growing hairy root line was used for fermenter
(201) cultures. The alkaloid content of the roots obtained was examined Seventeen monomeric indole alkaloids were
purified and characterized, including five hitherto undescribed substances Normal root and hairy root line cultures
showed similar alkaloid composition. Analyses, performed at five-week 1ntervals on five-week-old cultures showed

variable alkaloid yrelds.

INTRODUCTION

Secondary metabolite production by plant cell cultures
has been the subject of many investigations. Indole
alkaloids such as ajmalicine, a cardio-vascular drug, or
vinblastine and vincristine, two antitumour dimeric com-
pounds, produced by Catharanthus roseus are important
in the pharmaceutical industry [1]. Cell cultures from the
same plant species have been propagated in several
laboratories because of the physiologically potent indole
alkaloids they are expected to produce [2]. Undifferen-
tiated cell lines producing high yields of ajmalicine, or
serpentine, which can be easily converted into aymalicine
by reduction, have been obtained by selection [3] How-
ever, a substantial problem for the industrial exploitation
of such cultures has been the variability of the pro-
ductivity, inherent to undifferentiated cultures [4] This
variability is attributed to somaclonal varnation, de-
scribed as the result of genetic or epigenetic instability of
such cultures [5, 6]. A straightforward solution to this
problem would be to establish i vitro cultures of differ-
entiated tissues or organs. Root and/or shoot cultures of
Scopola parviflora [7], Duboisia species [8], Catharant-
hus roseus [9-111, Papaver somniferum [12] and Digitalis
species [13-16] were reported to have secondary meta-
bolite compositions similar to those found in parent plant
organs. In contrast, undifferentiated cell cultures of these
same species had low amounts of secondary metabolites
or did not produce them. Because of the ease with which
fast growing hairy root cultures can be obtained, several
groups have investigated their potential for in vitro
production of secondary metabolites. Hairy roots were
found to produce the same secondary metabolites as
those usually synthetized in intact parent plant roots,
with stmilar or higher yields [17-28]. Hairy roots are
induced upon moculation of the phytopathogen Agro-
bacterwum rhizogenes to many dicotyledons [297]. These

roots can easily be cultured under aseptic conditions. The
molecular basis for hairy root 1s the transfer to the plant
genome of specific DNA segment(s), called T-DNA for
transferred DNA, originally present on a plasmid in A.
rhizogenes [30].

In order to study indole alkaloid production, Cathar-
anthus roseus G. Don (31, 32] and C. trichophylius (Bak )
Pich. hairy root cultures were 1solated from plants in-
oculated with A. rhizogenes. In the present paper, we
compare the alkalowd content of in vitro cultured normal
roots and hairy roots, and of roots from greenhouse-
grown C. trichophyllus plants.

RESULTS

One axenic normal root culture and six hairy root lines
(lines 2, 4, 5,9, 10 and 11), derived from independent root
tips, were established from one inoculated C. trichophyi-
lus plant. The transformed nature of each hairy root line
was checked by Southern hybridization and dot blot
hybridization with T-DNA probes (Shen et al, in prep-
aration) The growth rate of normal root line and hairy
root lines was compared. Growth was measured as
relative weight increase over a 40-day period. Lines 2,4, 5
and normal roots exhibited similar growth rates, lines 10
and 11 grew twice as fast, whereas hne 9 had a very
reduced growth rate (Shen et al, in preparation).

Indole alkalowd production by hairy root fermenter cultures

A rapidly growing hairy root line (line 10) was selected
for culture 1n fermenters to examine its growth rate and
alkaloid content. The results of two bioreactor runs (R,
and R,) are presented. The fresh weight of hairy root line
10 increased from an original inoculum (10 g each) by 200
(R,)and 250 (R,, Fig 1)times over 6.5-week and 9 5-week
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Fig 1 Photograph showing the densely packed biomass (diameter 23 cm, height 33 cm, 25 kg fr wt) of C
trichophyllus hairy root line 10 obtained 1n a 201 fermenter (R, ) (See Experimental for culture conditions)

Table 1 Alkaloid content 1n hairy root line 10 fermenter cultures*

Yield

Alkalod T mg % total crude alkaloid content]
Horhammericine (1) 88 273
Vindolinine (2) 10 031
Lochnericine (3) 163 506
Echitovenine (4) 44 137
Ajmalicine (5) 20 062
Tabersonine (6) 95 295
Epivindohnine (7) 10 031
Pericalline (8) 8 025
Akuammicine (9) 76 236
Akuammigine (10) 13 040
Minovincinine (11) 16 050
Anthraserpine (13) 2 006
Dimethoxyanthraserpine (14) 13 040
Pscudoanthraserpine (15) 1 003
Desanthraserpidine (16) 1 003
Dimethoxydesanthraserpidine (17) 1 003

* Pooled biomass from R, and R, fermenters

t Purified compounds

1 The crude extract contained unidentified components and large part of alkaloids was lost

during successive purtfications

culture periods, respectively Harvested hairy roots from
the two fermenters were freeze-dried, pooled and the
alkaloids extracted in the classical manner The crude
alkaloid yield relative to dry matter was 092% The
mixture was then fractionated through a Sephadex LH20
column. Final punfication by CC on alumina and by
prep. TLC on siica gel allowed the isolation of 17
alkaloids 1 to 17 (Table 1) These were characterized by
their physical and spectral data and by comparison with

authentic samples. Serpentine (12) was also extracted but
was not 1solated, 1t was converted to ajmalicine § by
borohydride reduction In addition to the known com-
pounds 1 to 12, five novel alkaloids were 1solated. Two of
them, anthraserpine (13) and dimethoxyanthraserpine
(14) were found to contain the 11-methoxy epiallo-yohim-
bine skeleton, estenfied at C-18 with 2-acetamido-
benzoic acid and 2-acetamido-4,5-dimethoxybenzoic acid,
respectively, on the basis of spectral data Isolated in trace
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amounts, the gross structures of three other congeners of
the same series, pseudoanthraserpine (15), desanthraser-
pidine (16), and dimethoxydesanthraserpidine (17), have
been proposed [33]. Several yohimbine-type bases and a
number of minor unidentified components were also
isolated. Tetrahydroalstonine (18), vincaleukoblastine,
cataphylline, vindorosine and trichophylline, reported
[34-37] in C. trichophyllus roots, were not detected. We
examined also the alkaloid content of the growth medium
after 10-, 20-, 30-, and 40-day periods, for several cultures
of the same line The alkaloids were retained almost
entirely 1n the root tissue, less than 0.01 g/1 of crude
alkaloids being released 1n the medium (data not shown).

Alkaloid analyses of normal roots and hairy roots

The major alkaloids 1-6, 14, purified from fermenter
cultures (see above), were used as internal standards for
HPLC. The alkaloids 12 and 18 were available in our
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laboratory. The alkaloid content of roots of four green-
house-grown plants (1-4) was examined (Table 2); they
showed variable compositions. To avoid the genetic
heterogeneity between different plants and in order to
compare indole alkaloid production, of in vitro normal
root and hairy root cultures, we analysed the alkaloid
content of five-week-old root cultures, derived from the
same parent plant. Analyses were performed on three
subcultures (A—C) for each root hne, at five-week inter-
vals. The results are given 1n Table 3.

DISCUSSION

Catharanthus trichophyllus plant roots and cultured
roots showed similar alkaloid patterns They produced a
rather broad alkaloid spectrum, usually found in C.
trichophyllus roots [34-37], with representatives from the
corynantheine-heteroyohimbine- (5, 10, 12), the yohim-
bine- (13-17), the vallesamine- (8), the strychnos- (9) and

Table 2. Alkaloid content of greenhouse-grown plant roots (10~ mg/g fr. wt)

Plant roots 1 2 3 4 5 6 12 14 18 €

1 80 115 10 119 126 28 41 63 7 589
2 83 108 26 41 33 65 19 122 tr 497
3 122 135 45 369 51 85 28 155 16 1006
4 237 212 51 355 227 43 118 262 17 1522

tr.: trace amounts (< 5).
&: total of alkaloid (1-6, 12, 14, 18) amounts.

Table 3. Alkaloid content of three ( A, B, and C) in vitro normal root and hairy root five-week-old cultures, at five-week intervals
(1073 mg/g fr. wt)

Root system 1 2 3 4 5 6 12 14 )
Normal root line
A 165 40 308 103 7 20 10 52 705
B 96 149 73 26 tr 8 tr 53 405
C 214 293 294 60 tr 7 tr 59 927
Hairy root hnes.
2 A 158 30 125 65 tr 16 tr 15 409
B 173 191 96 66 tr 17 5 128 676
C 218 237 182 68 — 8 tr 83 796
4 A 102 12 100 38 — tr tr 24 276
B 206 162 125 52 14 38 8 202 807
C 167 161 109 33 tr 15 11 96 592
5 A 253 26 167 68 tr 16 5 47 582
B 108 61 20 22 — 7 5 64 287
C 197 150 76 48 tr 19 9 91 590
9 A 91 7 tr 6 5 — tr tr 109
B 57 5 5 8 tr 8 tr 32 115
C 64 14 12 14 tr 15 10 128 257
10 A 126 6 87 43 tr 19 tr 36 317
B 130 93 22 36 tr 17 8 100 406
C 155 71 35 40 tr 18 7 93 419
11 A 109 8 115 72 8 50 10 55 427
B 96 58 45 52 18 66 17 158 510
C 183 126 114 45 tr 25 9 82 584

—undetected; tr: trace amounts (<5)
&: total of alkaloid (1-6, 12, 14) amounts.



2678

the aspidospermine- (1-4, 6, 7, 11) groups [38] Thus, in
roots from this species, almost all the biogenetic pathway
of the monoterpenoid ndole alkaloids 1s functional
Members of the Iboga-type representing the last step of the
indole alkaloid biosynthesis evolution m Apocynaceae
[39-40] were, however, not observed The yield of
Corynanthe-type alkaloids (5, 12) was lower 1n cultured
roots This difference could be due to the fact that in vitro
cultured roots were grown m the light Indeed, pro-
duction of aymalicine by C roseus cell suspensions has
been reported to be higher when these were grown n the
dark rather than in the light [9]. In addition to already
described alkaloids, we found five compounds that had
not been observed previously They have been identified
as anthraserpine derwvatives The presence of these n
normal root cultures confirms that hairy root trans-
formation does not mfluence the pattern of alkaloid
biosynthests in C trichophyllus

In this study we show that, except for one line which
grew poorly and showed marked tendency to callussing,
root cultures, normal or transformed, produce simtlar
amounts of alkaloids This result suggests the expression
of harry root T-DNA has no direct influence on second-
ary metabolite production, although 1t may have an
indirect one by controlling the rate of growth This
feature may be of importance for many plant spectes for
which fast-growing normal root cultures cannot be ob-
tamned [32] Positive influence of growth rate on pro-
ductivity of secondary metabolites has been reported by
others [26]

In spite of research conducted over more than 30 years
[41], the commercial feasibility of secondary metabolite
production by mn vitro culture methods still has to be
demonstrated However, we believe that root culture has
an important potential Indeed measurements of second-
ary metabohte production by hairy root cultures show
that productivity of these ts within the range of that of
roots taken from whole plants [17, 18. 22, 23, 25, 27 and
this work] If variability in yields has been observed (this
work), 1t 18 encouraging to note that this 1s also well
within the variability range of whole plants and that the
spectrum of metabolites produced 1s similar to that of
whole plants At thes pont the numerous reports pub-
hshed on the usefulness of hairy root cultures for second-
ary metabolite production give a rather encouraging
impression The variability, from one line to another [19,
277 and within different cultures of the same line,
although real 1s certainly much less than for undifferen-
trated cultures The fact that reproducible yields have been
obtained by some workers [19] suggests that variability
i yields can be comtrolled by adjusting culture par-
ameters

These features of secondary metabolite production by
root cultures probably reflect the fact that they are much
closer to real plant organs than cultured cells to cells from
whole plants Without engaging into a complete dis-
cussion of the differences between cell and root cultures
we believe 1t 15 fair to say that root cultures are genetically
more stable than cell cultures We think that this 1s due to
the fact that the constraints of root meristem neoforma-
tron, for which we have evidence that 1t 1s a clonal process
(Van Stuys and Tempé 1n preparation), efficiently achieves
elimmation of vanant cells The first harry root cultures
were established some eight years ago [42] and by both
criteria of opine production and T-DNA structure [43]
they have proven to be perfectly stable over this period
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One mportant aspect of n vitro culture production
that 1s rarely dealt with in publications, although 1t 1s a
real problem at the level of production, ts the poor
compatibility between mass production techniques and
maintenance of proper physical and physiological state of
cultured material. Availability of nutrients in large scale
suspenston cultures is often a limiting factor to which
simple solutions like increasing agitatron are not apph-
cable because of the fragility of plant cells This problem
has been dealt with mainly by modifying fermenter design
or operation in order to minimize damage to cells With
this respect, root cultures appear to be particularly sutted
stnce 1t 1s possible to obtain high yields of cultured
material in a standard broreactor designed for bacterial
cultures Other workers have reported good adaptation
of root cultures for fermenter production [20, 26] The
mportant factors here appear to be the mechanical
strength of the roots and also their growth pattern With
respect to this, hatry roots may be at advantage over
normal roots because of their high rate of branching and
eventually their lack of geotropism which will allow
efficient occupation of the bioreactor volume by a tridi-
mensional network of roots. Jt should, however, be kept m
mind that roots of some plants are difhcult to grow in
liquid cultures and that therefore this solution may not be
of general applicabtlity With this respect, C trichophyllus
roots appear to be much better adapted to fermenter
cultures than C. roseus roots whose fragihty was a major
problem

Among the improvements to come we see genetic
engineering as potentially the most successful Indeed
cloning of genes encoding enzymes involved in secondary
metabolite synthesis [44] opens the way to genetic mani-
pulation for higher production Double transformation
strategies already available [45] would allow to obtain in
one step genetically mantpulated hairy roots

EXPERIMENTAL

Bucterial stram A rhuzogenes strain 15834 came {rom our
collection [46] The strain was cultured on LB agar medium [47]
at 28 for two days before inoculation of plants

Plant material and establishment of sterile plants wm vitro C
trichophyllus seeds used 1n this study were collected from green-
house-grown plants The origmal seed stock was collected near
lake Alaotra in Madagascar (Borteau N 3921) The sceds were
surface sterilized by immersion 1 a soln of Ca(OCl), (90g. 1) for
30 mun followed by thorough rinsing m sterile H,O Seeds were
sown on Mo agar medium [46] and maintamed at 22 under
16 hr fluorescent light

Estublistiment amd culture of hupey root s, Aseptic plantlets
were inoculated n 11tro by wounding with a scalpel. previously
dipped nto a fresh culture of A rhizogenes strain 15834 Roots
appeared at the inoculation site after 4 weeks Different root tips
were excised and individually placed on Petr1 plates containing
Mo agar medium with antibiotic (cefotetan, Apacef®, 100 ug/ml)
After 2 or 3 subcultures, root tips (2 cm long) of 6 hairy root lines,
selected by the highest growth rate and denived from the same
parent plant werc transferred to the same medium without
antibiotic At 4- or S-week ntervals, each hairy root line was
transferred to Mo agar medium in Petu dishes Other cultures
were grown 1n lquid medium 1n Petni dishes 45 standing cuftures
or 1n 200 ml flasks on an orbrtal shaker (150 rpm)

Establishment of normal oot cufture An untransformed root of
the C trichophyllus plant, used for the establishment of the six
hairy root line cultures, was excised and cultured 1n Mo (agar)
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medium, Normal roots were subcultured at 4- or 5-week inter-
vals.

Hairy root fermenter cultures Two mocula were prepared by
growing 3 g fr. wt of hairy root hine 10 1n 200 ml Mo medium, for
8 days at 22°. Roots (10 g fr wt) were transferred each to two
Biolafitte bioreactors (R, and R,) containing 18 1 Mo medium
(pH 6). The fermenters were aerated at 18 I/min and maintained
under agitation (100 rpm/min) at 25° in daylight Cultures were
harvested after 6.5 and 9 5 weeks yielding, respectively, 2063 g
and 2510 g fr wt or 149 2 g and 2009 g dry wt after freeze-drying

Isolation of alkalowds. Extraction of freeze-dried hairy root line
10 (350 g) 1n the classical manner gave 3 22 g of crude alkaloids
which were dissolved in CHCl;—MeOH (3 7). The resulting soln
was filtered through a Sephadex LH20 column Alkaloids were
sepd and further punfied by CC on Al,O, followed by prep. TLC
on silica gel and crystallization. Structures were determined by
use of spectrometric data (UV, IR, MS, NMR) and confirmed by
comparison with those of authentic samples. The major alka-
lowds, purified from these fermenter cultures, were used as
standards for HPLC expts.

Root cultures for alkalowd analysis. For each line studied, 5-week-
old cultures were established in Mo hquid medium (100 ml) in
Petri dishes without agitation at 22°, 16 hr photoperiod. Three
cultures (A, B, and C) were carried out at S-week intervals

Plant matenal for alkaloid analysis. From seedhings, C. tricho-
phyllus plants were grown in
conditions for one year.

Alkaloid analysis Freeze-dried samples from root cultures and
greenhouse-grown plants were extracted using standard pro-
cedures by percolation with MeOH-NH,OH, followed by sepn
of alkaloids into acidic soln and re-extn 1nto basic soln with
CH,Cl, Solvent was removed and the crude alkaloids (20 ug) in
MeOH soln (1 mg/ml) were analysed by HPLC using an analyti-
cal reverse-phase Cg column (SFCC, Hypersil 13 5 cm x 4.2 mm)
The column was eluted with a binary solvent gradient of KC1 100
mM (pH 2.2)/MeCN at a flow rate of 1ml/min. The composition
of the gradient was 3 1 to 1:1 over 20 min It was then held at
1:1 for 5 min before re-equilibration with 9:31 and return to
nitial conditions before rerunning. The effiuent from the column
was monitored using a UV absorption detector set at 280 nm

nndar grasmha

Unaer greennouse

7 aeran s oory]

AY senlita
v ermicuiie

Acknowledgements—This work was supported by the Ministére
de ’Industrie et de 1a Recherche and the Biotechnology Action
Programme of the Commission of the European Communities
(contract BAP-0015-F) ED was recipient of a fellowship from
the Ministére de la Recherche et de la Technologie. The authors
thank the teachers of the DEU.ST Biotechnologies of the
University Panis XI (Orsay), and the Laboratoire d’Extraction of
Gif-sur-Yvette, for fermenter cultures. We also express our
gratitude to the Laboratoires Pierre Fabre and M -T Adeline for
assistance with HPLC experiments.

REFERENCES

1. Rhodes, M. J. C, Robins, R. J, Hamill, J. and Parr, A I
(1986). N Z J Technol. 2, 59.

2. Carew, D P.(1975) in The Catharanthus Alkalouds (Taylor,
W. I and Farnsworth, N R, eds), p 193. Marcel Dekker,
New York.

3. Zenk, M. H., El-Shagi, H, Arens, H., Stockigt, J., Weiler,
E. W, and Deus, B (1977). in Plant Tissue Culture and its
Bio-technological Apphcation (Barz, W, Reinhard, E., and
Zenk, M. H,, eds), p. 27. Springer, Heidelberg

4. Deus-Neumann, B. and Zenk, M H (1984) Planta Med. 50,
427.

un

14,
15.

16

17

18.

20

21

22,

23.
24.

25

26.

27
28
29

30

31

32

33.

34.

35.

36.

37.

38.

39.

. Larkin, P. J. and Scowcrof

1 A Lol o Q N o B
. Mano, Y., Nabesnima, S5., iviaisui, L. ana

........ L0 Ay ¥4
t, W.

e
—
—
¥
o0
[oos
-

Genet 60, 197.

. Evans, D A and Sharp, W. R. (1986) Biotehnology 4, 528.

Tabata, M, Yamamoto, H., Hiraoka, N and Konoshima,
M. (1972) Phytochemistry 11, 949

. Endo, T and Yamada, Y (1985) Phytochemistry 24, 1233

Endo, T., Goodbody, A. and Misawa, M (1987) Planta Med
53, 479

Constabel, F., Gaudet-La-Praine, P, Kurz, W G W and
Kutney, J. P. (1982) Plant Cell Rep. 1, 139

. Krueger, R.J, Carew, D P, Lu, J.H C and Staba, E J

(1982). Planta Med. 45, 56.
Kamo, K. K., Kimoto, W., Hsu, A.-F., Mahlberg, P G. and
Bills, D. D (1981) Phytochenustry 21, 219

. Hirotani, M and Furuya, T (i977) Phytochemstry 18,

610

Lu, J. H C. and Staba, E. J (1979) Phytochemustry 18, 1913
Garve, R., Luckner, M., Vogel, E, Tewes, A and Nover, L.
(1980) Planta Med. 40, 92

Hagimori, M., Matsumoto, T. and Oby, Y (1982) Plant
Physiol. 69, 653.

Hamill, J. D, Parr, A. J,, Robins, R J and Rhodes, M J.C
(1986) Plant Cell Rep. S, 111.

Kamada, H, Okamura, N., Satake, M., Harada, H and
Shimomura, K. (1986) Plant Cell Rep 5, 239

L Y P Tr /1

Y., Na Ohkawa, H (1986)
Agric. Biol Chem. 50, 2715

Rhodes, M J. C, Hilton, M., Parr, A. J, Hamuill, J. D and
Robins, R. J (1986) Biotech. Letters 8, 415.

Deno, H, Yamagata, H., Emoto, T., Yoshioka, T, Yamada,
Y. and Fupta, Y (1987) J. Plant Physiol 131, 315

Payne, J., Hamill, J. D, Robins, R. J and Rhodes, M. J C
(1987) Planta Med 53, 474

Parr, A J. and Hamull, J. D (1987) Phytochemstry 26, 3241
Ondrej, M. and Protiva, J (1987) Biol Plantarum 29, 241
Yoshikawa, T. and Furuya, T. (1987) Plant Cell Rep 6, 449.
Jung, G. and Tepfer, D (1987) Plant Sci 50, 145

Jazin, M., Legros, M, Homes, J and Vanhaelen, M (1988)
Phytochenustry 27, 419.

Parods, F J. and Fischer, N. H (1988) J. Nat. Prod 51, 594
Tempé, J. and Casse-Delbart, F. (1989) in Cell Culture and
Somatic Genetics of Plants Vol. 6 (Vasil, I K. ed), p. 25.
Academic Press, New York.

Birot, A-M, Bouchez, D, Casse-Delbart, F, Durand-
Tardiff, M, Jouanin, L., Pautot, V., Robagha, C., Tepfer,
D, Tepfer, M., Tourneur, J. and Vilane, F (1987) Plant
Physiol Biochem. 25, 323.

Brillanceau, M H., David, C. and Tempé, J (1989). Plant
Cell Rep 8, 63.

Brillanceau, M. H (1986) Ph. D. Thesis Panis XI, Orsay
France.

Davioud, E, Kan, C, Quirion, J.-C, Das, B. C. and Husson,
H.-P. (1989) Phytochemstry 28, 1383.

Segelman, A. B. and Farnsworth, N. R. (1974) J Pharm. Sc1.
63, 1419

Cordell, G A.and Farnsworth, N R.(1976) J. Pharm Sci 65,
366

Mukhopadhyay, S. and Cordell, G. A (1981) J. Nat. Prod.
44, 335

Mukhopadhyay, S. and Cordell, G. A (1983) Tetrahedron 39,
3639.

Saxton, E. J (1983) Indoles. The Monoterpenowd Indole
Alkalowds (Part Four) p. 63. Wiley, New York

Scott, A T and Qureshi, A. A. (1968) J Chem. Soc., Chem
Commun. 948.

Scott, A. I (1970) Acc. Chem Res. 3, 151



2680

42,

43,

45

1 Rontien, I B, Tenafly N. 1. and Nickell, L G (1956).1IS

Patent Office N° 2,747 334,

Tepfer, D A and Tempé, J (1981) C R Acad Sci Paris 292,
153,

David, C. and Tempé, J (1987) Plant Mol. Biol. 9, 585
Kutchan, T M., Hampp, N., Lottspeich, F, Beyreuther, K,
and Zenk, M. H (1988) FEBS Letters 237, 40

Petit, A, Berkaloff, A and Tempé, J (1986) Mol Gen. Genet
202, 388

E Davioup et al

46 Petit, A Dawid, € Dahl. G A Elbs. I G Guyon, P
Casse-Delbart, F and Tempé, J (1983) Mol Gen Genet 190,
204

47 Maniatis, T, Frisch, E F and Sambrook, J (1982) Molecu-
lar Clommng, a Laboratory Manual Cold Spring Harbor
Laboratory, New York



