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A Photochemical Switch for Controlling
Protein ± Protein Interactions**
Sonia K. Pollitt and Peter G. Schultz*

Photocaged small molecules and proteins, molecules that
can rapidly be converted from inactive into active form with
light, have proven to be very useful tools in biology.[1] The
ability to control protein ± protein binding interactions would
further extend this approach to a large number of cellular
processes including signal transduction pathways, gene regu-
lation, and protein trafficking. Chemical modification has
been used to introduce photocleavable groups into proteins,
but this method depends on a uniquely reactive residue being
present on the protein surface in order to achieve high
selectivity.[2] Here we use unnatural amino acid mutagenesis
to photocage the interaction of the p21ras (ras) protein with its
downstream effector p120 ± GAP (GAP�GTPase-activating
protein). The caged ras protein, in which Asp 38 is substituted
with the b-o-nitrobenzyl ester of aspartic acid (Nb-Asp),
retains its intrinsic GTPase activity but is unable to interact

3H; H5), 6.96 (d, 3J(H4,H3)� 7.8 Hz, 3H; H3), 7.39 (dd, 3J(H3,H4)�
7.8 Hz, 3J(H4,H5)� 7.8Hz, 3 H; H4). Elemental analysis (%) calcd for
C33H51N7: C 72.62, H 9.42, N 17.96; found: C 72.59, H 9.20, N 17.80.

1: A solution of PhCOONa (72 mg, 0.05 mmol) in H2O (2.5 mL) was added
to a solution of Fe(ClO4)3 ´ xH2O (177.1 mg, 0.5 mmol) and tnpa (273.0 mg,
0.5 mmol) in acetonitrile (10 mL). After stirring for 1 h, the solution was
concentrated to give a purple powder of 1, which was collected by filtration,
washed with a small amount of diethyl ether, and dried in vacuo (yield:
89%). Elemental analysis (%) calcd for C40H59N7O8Cl1Fe1: C 55.70, H 7.15,
N 11.37; found: C 56.04, H 6.94, N 11.44.

2 : Fe(ClO4)3 ´ x H2O (177.1 mg, 0.5 mmol) was dissolved in methanol
containing molecular sieves (3 �). After 24 h, tnpa (273.0 mg, 0.5 mmol)
was added to this solution. After stirring for 30 min, the mixture was
concentrated to give a yellow-orange powder of 2, which was collected by
filtration and dried in vacuo (yield: 65%). Elemental analysis (%)calcd for
C35H57N7O6Cl1Fe1: C 55.08, H 7.53, N 12.85; found: C, 54.90, H, 7.72, N,
12.72.

Received: January 16, 1998 [Z 11385 IE]
German version: Angew. Chem. 1998, 110, 2198 ± 2200

Keywords: bioinorganic chemistry ´ enzyme mimetics ´ iron

[1] Reviews: a) M. J. Nelson, S. P. Seitz in Active Oxygen in Biochemistry
(Eds.: J. S. Valentine, C. S. Foote, A. Greenberg, J. F. Liebman),
Chapman & Hall, London, 1995, pp. 276 ± 312; b) L. Que, Jr., R. Y. N.
Ho, Chem. Rev. 1996, 96, 2607 ± 2624.; c) T. Funabiki in Oxygenases
and Model Systems (Ed.: T. Funabiki), Kluwer Academic, Dordrecht,
1997, pp. 69 ± 77, 140 ± 145.

[2] EPR studies: a) S. Slappendel, G. A. Veldink, J. F. G. Vliegenthart, R.
Aasa, B. G. Malmström, Biochim. Biophys. Acta 1981, 667, 77 ± 86;
b) E. K. Pistorius, B. Axelrod, G. Palmer, J. Biol. Chem. 1976, 251,
7144 ± 7148; c) M. J. Nelson, J. Am. Chem. Soc. 1988, 110, 2985 ± 2986.

[3] X-ray absorption spectroscopy studies: a) R. C. Scarrow, M. G.
Trimitsis, C. P. Buck, G. N. Grove, R. A. Cowling, M. J. Nelson,
Biochemistry 1994, 33, 15 023 ± 15035; b) L. M. Van der Heijdt, M. C.
Feiters, S. Navaratnam, H.-F. Nolting, C. Hermes, G. A. Veldink,
J. F. G. Vliegenthart, Eur. J. Biochem. 1992, 207, 793 ± 802.

[4] Magnetic circular dichroism studies: a) M. A. Pavlosky, Y. Zhang,
T. E. Westre, Q.-F. Gan, E. G. Pavel, C. Campochiaro, B. Hedman,
K. O. Hodgson, E. I. Solomon, J. Am. Chem. Soc. 1995, 117, 4316 ±
4327; b) Y. Zhang, M. S. Gebhard, E. I. Solomon, J. Am. Chem. Soc.
1991, 113, 5162 ± 5175.

[5] Crystallographic studies of the catalytically inactive iron(ii) form of
SLO-1: a) J. C. Boyington, B. J. Gaffney, L. M. Amzel, Science 1993,
260, 1482 ± 1486; b) W. Minor, J. Steczko, J. T. Bolin, Z. Otwinowski, B.
Axelrod, Biochemistry 1993, 32, 6320 ± 6323.

[6] a) S. K. Mandal, L. Que, Jr., Inorg. Chem. 1997, 36, 5424 ± 5425;
b) R. T. Jonas, T. D. P. Stack, J. Am. Chem. Soc. 1997, 119, 8566 ± 8567;
c) Y. Zang, T. E. Elgren, Y. Dong, L. Que, Jr, J. Am. Chem. Soc. 1993,
115, 811 ± 813; d) Y. Zang, J. Kim, Y. Dong, E. C. Wilkinson, E. H.
Appelman, L. Que, Jr, J. Am. Chem. Soc. 1997, 119, 4197 ± 4205;
e) D. D. Cox, S. J. Benkovic, L. M. Bloom, F. C. Bradley, M. J. Nelson,
L. Que, Jr., D. E. Wallick, J. Am. Chem. Soc. 1988, 110, 2026 ± 2032;
f) S. Hikichi, T. Ogihara, K. Fujisawa, N. Kitajima, M. Akita, Y. Moro-
oka, Inorg. Chem. 1997, 36, 4539 ± 4547; g) J. W. Buchler, K. L. Lay,
Y. J. Lee, W. R. Scheidt, Angew. Chem. 1982, 94, 456; Angew. Chem.
Int. Ed. Engl. 1982, 21, 432; h) Y. Dong, H. Fujii, M. P. Hendrich, R. A.
Leising, G. Pan, C. R. Randall, E. C. Wilkinson, Y. Zang, L. Que, Jr.,
B. G. Fox, K. Kauffman, E. Münck, J. Am. Chem. Soc. 1995, 117,
2778 ± 2792; i) A. Hazell, K. B. Jensen, C. J. McKenzie, H. Toftlund,
Inorg. Chem. 1994, 33, 3127 ± 3134.

[7] IR spectra of the compounds in acetonitrile at ambient temperature
were measured on a ReactIR 1000 spectrometer (ASI Applied
Systems) over the range 4000 ± 650 cmÿ1.

[8] Purple crystals suitable for X-ray structure analysis were obtained
from an acetonitrile/diethyl ether solution. Crystal data for 1:
C40H59FeClO8N7, Mw� 857.25, monoclinic, space group P21/c
(No. 14), a� 10.720(1), b� 16.390(2), c� 26.23(1) �, b� 100.40(2)8,
V� 4532(1) �3, Z� 4, 1calcd� 1.256 gcmÿ3, m(MoKa)� 4.46 cmÿ1, R�

0.079, and Rw� 0.113. Crystallographic data (excluding structure
factors) for the structures reported in this paper have been deposited
with the Cambridge Crystallographic Data Centre as supplementary
publication no. CCDC-101084. Copies of the data can be obtained free
of charge on application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK (fax: (�44) 1223-336-033; e-mail : deposit@ccdc.cam.
ac.uk).

[9] a) M. Harata, K. Jitsukawa, H. Masuda, and H. Einaga, Chem. Lett.
1996, 813 ± 814; b) A. Wada, M. Harata, K. Hasegawa, M. Mukai, T.
Kitagawa, H. Masuda, H. Einaga, Angew. Chem. 1998, 110, 874 ± 875;
Angew. Chem. Int. Ed. 1998, 37, 798 ± 799.

[10] S. Slappendel, B. G. Malmström, L. Petersson, A. Ehrenberg, G. A.
Veldink, J. F. G. Vliegenthart, Biochem. Biophy. Res. Commun. 1982,
108, 673 ± 677.

[11] An API 300 triple quadrupole mass spectrometer (PE-Sciex) in
positive-ion detection mode, equipped with an ion spray interface, was
used for these ESI-MS experiments. The sprayer was held at a
potential of 4.5 kV and compressed N2 was employed to assist liquid
nebulization. The orifice potential was maintained at 25 V.

[12] M. R. Egmond, P. M. Fasella, G. A. Veldink, J. F. G. Vliegenthart, J.
Boldingh, Eur. J. Biochem. 1977, 76, 469 ± 479.

[13] Another example of a (methoxo)iron(iii) complex with such a color
(red-orange) is [Fe{2,6-[(2-C5H4N)CH2OCH2]2C5H3N}(OMe)]-
(OSO2CF3)2 (2-C5H4N� 2-Pyridyl, C5H3N� 2,6-Pyridindiyl).[6b] .

[14] M. Harata, K. Jitsukawa, H. Masuda, H. Einaga, Chem. Lett. 1995,
61 ± 62.

[*] P. G. Schultz, S. K. Pollitt
Howard Hughes Medical Institute and
Department of Chemistry
University of California, Berkeley and
Lawrence Berkeley National Laboratory
Berkeley, CA 94720 (USA)
Fax: (�1) 510-643-6890
E-mail : pgschultz@lbl.gov

[**] We thank N. Damrauer and J. McCusker for helpful advice and the
use of their laser, and H. Chung for the GAP protein. We are grateful
for financial support for this work from the National Institutes of
Health (grant no. R02 GM49220). P.G.S. is a Howard Hughes Medical
Institute Investigator.



COMMUNICATIONS

Angew. Chem. Int. Ed. 1998, 37, No. 15 � WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1998 1433-7851/98/3715-2105 $ 17.50+.50/0 2105

with p120 ± GAP until uncaged by irradiation with light at a
wavelength of 355 nm. This approach should be applicable to
the side chains of other amino acids that can be blocked with
photocleavable protecting groups including serine, threonine,
glutamate, and lysine. It may provide a general method for the
study of signal transduction pathways and other biological
processes, both in vitro and in vivo, in which specific protein
interactions can be identified.

Mammalian proteins encoded by the ras genes function as
key regulators in various signal transduction processes
involved in cell growth and differentiation.[3] Activity is
controlled by conformational changes that depend on bound
guanine nucleotides: the ras ± GTP complex (ras ´ GTP)
adopts a conformation that is able to bind to, and interact
with, downstream effectors, whereas the GDP-bound con-
formation of the ras protein is inactive.[4] The ratio of ras ´
GTP to ras ´ GDP is controlled by the protein�s intrinsic
GTPase activity, as well as by proteins that increase the
dissociation of GDP from the complex (guanosine nucleotide
release factors, GNRFs)[5] or accelerate the rate of GTP
hydrolysis (GAPs).[6] In this capacity, p120 ± GAP is a
negative regulator of ras function;[7] p120 ± GAP can also act
as a downstream effector of ras, and hence as a positive
regulator of ras function in some systems.[5, 8]

The interaction of ras and p120 ± GAP was caged by
replacing Asp 38 in the ras protein with the photocleavable
Nb-Asp by unnatural amino acid mutagenesis.[9] Mutagene-
sis[10] and structural studies[11] have shown that amino acids
30 ± 38 (loop 2 or switch I)[12] and amino acids 60 ± 76 (loop 4
or switch II)[13] are critical for the ability of ras to interact with
its effector proteins. In particular, the mutation of Asp 38 to
Ala prevents GTPase stimulation by p120 ± GAP and results
in the loss of transforming capacity in NIH 3T3 cells;[14]

moreover, this mutation abrogates binding of ras to raf[15]

and phosphitidylinositol-3 kinase[16] (other downstream effec-
tors of ras) in vitro. In addition, the recent crystal structure of
the ras ± p120 ± GAP complex[11] shows the Asp 38 side chain
oriented towards the Lys 949 residue of p120 ± GAP, thus
forming a hydrogen-bonding interaction with this residue
through a bound water molecule.[17]

The Nb-Asp was introduced into the ras protein by in vitro
suppression of an Asp 38!TAG amber mutant (amber
codon� terminations codon UAG) using a chemically amino-
acylated suppressor tRNA as previously described.[9, 18] Both
wild-type (WT) and mutant proteins carry a shortened version
of the ras gene in which the 18 carboxy-terminal amino acids
are removed and replaced with a six-residue histidine tail to
aid purification.[19] The aspartate residue was N-protected
with allyl chloroformate and then converted into the bis-
nitrobenzyl ester using dicyclohexylcarbodiimide, 4-dimethyl-
aminopyridine (DMAP), and 1-hydroxy-1H-benzotriazole.
Subsequently, the a-nitrobenzyl ester group was selectively
hydrolyzed with lithium hydroxide.[20] The N-allyloxycarbon-
yl-b-nitrobenzyl aspartate was activated and coupled onto the
dinucleotide 5'-phospho-2'-deoxyribocytidylriboadenosine
(pdCpA), and the aminoacylated dinucleotide was ligated to
the suppressor tRNACUA.[18] In vitro expression of the WT ras
gene under control of the T7 promoter afforded about
20 mg mLÿ1 of protein. The suppression efficiency for Nb-

Asp acylated tRNACUA at position 38 was approximately
60 %. In vitro protein synthesis reactions containing the TAG
mutant in the presence of the full-length unacylated suppres-
sor tRNACUA resulted in less than 1 % of the ras protein as
compared with reactions which contain tRNACUA acylated
with Nb-Asp.[21] This control reaction demonstrates that the
preparation of the caged ras protein is largely free of
contaminating protein generated by readthrough of the
amber codon by nonspecific tRNAs. Both the WT and mutant
proteins were purified on a nickel resin to greater than 95 %
purity with an overall yield of approximately 50 %.[22]

Intrinsic GTPase activity was determined for both the WT
and mutant proteins by measuring the rate of GTP hydrolysis
in a single-turnover experiment using [g-32P]GTP.[23] The
reaction products were separated by chromatography on
polyethyleneimine and quantified by phosphorimaging. There
is no significant difference in the rate of catalysis kcat between
the WT and mutant ras proteins.[24] Their intrinsic GTPase
activities are unaffected by irradiation with light at a wave-
length of 355 nm from a frequency-tripled neodymium-YAG
laser (Table 1).[25] In contrast to the WT ras protein, the caged
mutant shows no p120 ± GAP-mediated GTPase activity,

again under single-turnover conditions in the presence of a
100-fold excess of p120 ± GAP.[26] These results show that the
o-nitrobenzyl group efficiently blocks the productive associ-
ation of ras and p120 ± GAP.

Upon irradiation, o-nitrobenzyl esters are known to under-
go rapid photodecomposition to the free acid and nitro-
sobenzaldehyde.[27] Photolysis of the caged ras protein re-
stored roughly 50 % of the GAP-dependent GTPase activity
relative to WT ras (Table 1).[25, 26] This conversion was also
monitored by denaturing polyacrylamide gel electrophoresis
of the [35S]methionine-labeled protein (Figure 1). The caged
mutant has slightly lower electrophoretic mobility than the
WT protein. After photolysis to remove the o-nitrobenzyl
ester group, approximately 50 % of the mutant protein is
converted into product with the same mobility as the WT ras
protein. The similarity in the levels of the restored p120 ±
GAP-mediated GTPase activity and the conversion into a
product with WT ras protein gel mobility upon photolysis
suggest that the uncaged protein has WT p120 ± GAP-
dependent GTPase activity. Photolysis of the caged mutant
for longer times did not result in greater conversion into the

Table 1. Intrinsic and p120 ± GAP-mediated GTPase activities of wild-type
and mutant ras proteins before and after irradiation.

Specific activity
kcat [sÿ1� 104][a] [% GTP minÿ1� 103][b]

Protein (ÿGAP) (ÿGAP) (�GAP)[c] Ratio[d]

Nb-Asp[e] 1.6� 0.02 % 7.6� 0.3% 8.0� 0.08 % 1.1
Nb-Asp[f] 1.5� 0.2% 6.9� 0.6% 24� 2% 3.5
WT[e] 1.7� 0.1% 7.8� 0.2% 57� 0.6% 7.2
WT[f] 1.6� 0.4% 7.2� 1% 56� 3% 7.8

[a] Reference [22, 23]. [b] The activity was calculated as the initial rate of
conversion of GTP into GDP. [c] Reference [25]. [d] Ratio of activities in
the presence and absence of p120 ± GAP.[29] [e] Before irradiation. [f] After
irradiation.
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Figure 1. Autoradiogram of SDS polyacrylamide gel (16 %) after purifi-
cation and before and after irradiation of the [35S]methionine-labeled
protein products of in vitro translation reactions containing WTras and Nb-
Asp mutant. The caged protein (lane 3) has slightly lower electrophoretic
mobility than the WT protein (lane 1). After photolysis to remove the o-
nitrobenzyl ester group, about 50 % of the mutant has shifted electro-
phoretic mobility (lane 4), while the mobility of the WT protein (lane 2)
remains unaffected.

WT ras protein. This may be a consequence of a side reaction
of the Nb-Asp with amino acids (300mm) present in the in
vitro synthesis reaction, which results in the formation of an
inactive amide side chain. Alternatively, ras may be modified
by the o-nitrosobenzaldehyde by-product of the photolysis
reaction.[28]

In conclusion, these results show that installing Nb-Asp at
position 38 of a ras protein generates a photocaged protein
that retains full intrinsic catalytic activity, but is incapable of
participating in signal transduction through its effector p120 ±
GAP. After irradiation of the mutant, the WT protein is
regenerated and its ability to interact with its effector protein
is restored.
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One- and Two-Dimensional Electron Transfer
Processes in Triarylamines with Multiple Redox
Centers**
Christoph Lambert* and Gilbert Nöll

Intramolecular electron transfer (ET) processes have been
studied extensively in inorganic binuclear transition metal
complexes;[1] organic donor ± acceptor systems that are
bridged by s frameworks have been investigated in order to
mimic biological ET processes.[2] In contrast, much less is
known about purely organic Robin/Day[3] class II compounds
with bridging p-electron systems and the electron transfer
processes involved: Nelsen et al.[4] studied a number of
bis(hydrazine)phenylene radical cations and related species;
Bonvoisin et al.[5] investigated m-phenylene-bridged triaryl-
amine systems. These radical cations are characterized by
intervalence charge-transfer (IV-CT) bands in the NIR
spectra which are associated with a photoinduced intra-
molecular electron transfer between two redox centers. As the
coupling of redox centers over p-conjugated bridges is of
central interest for the design of new optoelectronic materi-
als,[6] it was our aim to study basic intramolecular electron
transfer processes in simple symmetrically substituted p

systems. We chose p-bridged triarylamine derivatives since
triarylamines in general are important hole carrier systems,
which are widely used in organic optoelectronic devices.[7]

4,4'-Bis(N,N-di-p-methoxyphenylamino)tolane (2) was syn-
thesized by two Hagihara cross-coupling steps, and the
corresponding trimer hexakis[4-(N,N-di-p-methoxyphenyl-
amino)phenyl]benzene (3) was formed from 2 by catalysis
with [Co2(CO)8] (Scheme 1).[8] These derivatives should
exhibit an intramolecular degenerate electron transfer in the
singly and triply oxidized forms, respectively. Both neutral
compounds are yellow, and their UV/Vis spectra in CH2Cl2

contain a strong absorption band at 373 nm (2) and 308 nm (3,
with a shoulder at 330 nm). The cyclic voltammogram (CV)[9]

of 2 shows two waves at 200 and 340 mV (versus Fc/Fc�) in
CH2Cl2 (Figure 1) referring to two reversible oxidations. This
corresponds to a comproportionation constant (Kco�
10(DE/0.059), where DE is the difference of redox potentials for
the two oxidative steps) of 236 and suggests 2 to be a class II
derivative.[1, 3] In contrast, trimer 3 only shows one broad
unresolved wave centered at 225 mV. This reversible oxida-
tion process was calibrated by thin-layer coulometry with 2,5-
bis(dicyanovinyl)furan as the reference, and it involves six
electrons in total, leading to 36�.

UV/Vis/NIR spectroelectrochemical investigation[10] of 2
shows that besides a band at 734 nm, which is characteristic
for triarylamine radical cations,[11] a second very intense band

10mm ethylenediamine tetraacetate (EDTA), 1 mm 1,4-dithiothreitol
(DTT), and 1% bovine serum albumen (BSA) at 4 8C in a volume of
400 mL. After 30 minutes this exchange reaction was stopped by the
addition of MgCl2 to give a final concentration of 25 mm and the
enzyme ´ substrate (E ´ S) complex purified on a PD10 column. The
purified E ´ S complex was divided into separate aliquots of 150 mL,
and rGTP was added to give a final concentration of 50 mm. The
reactions were incubated at 30 8C for various times before mixing 7.5-
mL samples with 7.5 mL of stop solution (100 mm rGTP, 100 mm rGDP,
250 mm EDTA, 0.5% sodium dodecasulfate (SDS)). Conversion of
GTP into GDP was monitored by chromatography on polyethylenei-
mine (0.3m KH2PO4, 1m LiCl2, pH 3.5).

[24] For kcat calculations based on monitoring the single-turnover experi-
ment of the E ´ S complex in the presence of an excess of free
unlabeled rGTP, the following relationship holds: [P]/[E ´ S]0�
kcat/(kcat� koff) exp[(ÿ (kcat� koff) t], where [P] is the concentration of
the GDP product, t is time, and koff the off-rate for GTP in the
E ´ S complex. This relationship is based on the following assumptions:
The E ´ S complex can break down only to product or to free enzyme
and free substrate; the observed reaction is strictly single-turnover,
because once the labeled substrate has dissociated from the enzyme it
will not appreciably reassociate because of competition by excess
unlabeled substrate; and the product off-rate is not limiting because
the E ´ P complex is broken down in the stop reaction.

[25] Both WT and photocaged proteins were irradiated for up to five
minutes with a frequency-tripled Spectra-Physics model GCR-150-10
laser (ca. 100 mJ at 355 nm, nominal pulse width of 7 ns). Longer
photolysis times did not lead to greater conversion. Irradiation was
performed in quartz cuvettes with stirring to ensure an even exposure.
Reactions were chilled to 4 8C prior to irradiation to prevent
overheating. The 500-mL reactions contained 10 nm WT or mutant
ras protein in 50mm Hepes (pH 7.5), 1 mm MgCl2, 200 mm NaCl, 1 mm
DTT, 0.1% BSA, and 10mm semicarbazide ´ HCl to scavange the
nitrosobenzaldehyde by-product.

[26] The p120 ± GAP assay was performed by isolation of the E ´ S complex
as described in ref. [23], except that a greater than 100-fold excess of
p120 ± GAP over the ras protein was added after dividing the E ´ S
complex into separate reactions. p120 ± GAP was a gift from H. Chung
and was prepared by overexpression from a derivative of pUC18
carrying the gene for bovine p120 ± GAP behind the Trp promoter as
described in M. S. Marshall, W. S. Hill, A. S. Ng, U. S. Vogel, M. D.
Schaber, E. Scolnick, R. A. F. Dixon, I. S. Sigal, J. B. Gibbs, EMBO J.
1989, 8, 1105 ± 1110.

[27] H. Schupp, W. K. Wong, W. Schnabel, J. Photochem. 1987, 36, 85 ± 97.
[28] Improved deprotection efficiencies have been reported when the o-

nitrobenzyl group is substituted at the a-benzylic position because the
photocleavage by-product of these compounds is the less reactive
nitrosoketone. Attempts to improve the efficiency of the photo-
cleavage reaction by using b-1-(3,4-methylenedioxy-6-nitrobenzyl)-
ethyl aspartate resulted in lower yields of mutant protein.

[29] Under saturating conditions, p120 ± GAP can catalyze the GTPase
rate of ras by 105-fold;[30] however, catalysis in these experiments is
limited by the ras protein, which is present in the reaction at a
concentration of about 10nm but has a kd for p120 ± GAP of about
17 mm.[31]

[30] P. Gideon, J. John, M. Frech, A. Lautwein, R. Clark, J. E. Scheffler, A.
Wittinghofer, Mol. Cell. Biol. 1992, 12, 2050 ± 2056.

[31] J. F. Eccleston, K. J. M. Moore, L. Morgan, R. H. Skinner, P. N. Lowe,
J. Biol. Chem. 1993, 268, 27 012 ± 27019.
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