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Abstract—In archaca the first general tetrapyrrole precursor 5-aminolevulinic acid (ALA) is formed via the tRNA-dependent
five-carbon pathway from glutamate. We have cloned the hemA gene encoding the central enzyme of the pathway glutamyl-
tRNA reductase from the methanogenic archaeon Methanobacterium thermoautotrophicum by complementation of an Escherichia
coli hemA mutant to ALA prototrophy. An 1194 bp open reading frame that encodes a 398 amino acid polypeptide with the
calculated M, 44,509 was detected. The deduced amino acid sequence showed 20-35% amino acid identity to bacterial HemAs
with the highest identity score to the Pseudomonas aemginosa HemA. An identity of approximately 22% was found to plant
HemAs. Glutamyl-tRNA reductase activity was shown for the M. thermoautotrophicum HemA after overcxpression in E. coli and
partial purification. The enzymatic reaction catalyzed by the partially purified enzyme revealed a temperature optimum of 65 °C
at an optimal pH of 7.0. The reductase utilized preferentially NADPH for the reduction of the activated carboxyl group. The
presence of ATP and GTP showed no obvious influence on catalysis. Copyright © 1996 Elsevier Science Ltd

Introduction In archaea a variety of hemes, corrinoids, and the
unique nickel-containing porphinoid F410 have been

Tetrapyrroles such as hemes, chlorophylls, corrinoids, described as the central tetrapyrrole cofactors for the
and coenzyme F43I1 play an essential role in the metabo- various elucidated pathways of energy conserva-
tism of most organisms as integral parts of electron t ion.1 4 2 1 2 2 In contrast to the information accumulated
transport chains and as prosthetic groups of various about the structural and funtional features of some of
enzymes.1"4 They are all synthesized from 5-aminolevu- these molecules, almost nothing is known about the
linic acid (ALA), for which two routes of biosynthesis molecular basis of their biosynthesis and its regulation,
are used in nature. The Shemin pathway utilizes the Only one gene involved in heme biosynthesis (hemB),
one step condensation of glycine and succinyl-CoA by encoding ALA dchydratase, has been cloned from the
ALA synthase and is found in the ot-group of the archcon Methanothermus sociabilis.2''
proteobacteria, yeast, avian, and mammalian cells.'~x

The two-step Q-pathway starts with an NADPH- To imtiate a molecular analysis of the enzymes and
dependent reduction of glutamyl-tRNA by the 8enes involved in the archacbactenal ALA formation,
glutamyl-tRNA reductase (HemA) to yield glutamate- wc doncd and characterized the hemA gene from M.
1-semialdehyde (Fig. 1).*-'" ALA is formed in the thermoautotrophicum and investigated some bio-
second step during a pyridoxamine 5'-phosphate- chemical properties of the encoded glutamyl-tRNA
dependent transamination performed by glutamate- reductase. M. thermoautotrophicum is a strictly
l-semialdchydc-2,l-aminomutase (HemL, Fig. 1)."" anaerobic, methanogenic archaeon growing on H2 and
The Q-pathway operates in plants, algae, and all C°2 wlth a temperature optimum of 65 °C. The
analyzed bacteria, with the exception of the a-group of organism contains corrinoids and coenzyme F4,(l but is
the proteobacteria." Interestingly, this biosynthetic devoid of cytochrome.-— ALA and uroporphyn-
route was shown to be present in the archaea M. n°8en m have bee

2
n shown to he intermediates in the

thermoautotrophicum and Sulfolobus solfataricus.[4~lh biosynthesis of F4,,
24

43(1-

The genes for glutamyl-tRNA reductase (hemA) and Results and Discussion
glutamate-l-semialdehyde-2,l-aminomutase(/zewL)have Cloning of the M. thermoautotrophicum hemA gene by
been cloned from various bacteria and plants."17 complementation of an E. coli 5-aminolevulinic acid
Recent investigations of the regulation of heme auxotrophic mutant
biosynthesis in E. coli and P. aemginosa identified the
formation of the general precursor 5-aminolevulinic Transformation of the ALA-auxotrophic E. coli strain
acid (ALA) as one major regulatory point.ls~:" GE1387, carrying a mutation in the gene for glutamyl-
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Figure 1. C,-pathway of 5-aminolevulinic acid formation. The reaction of the glutamyl-tRNA synthetase is common to protein biosynthesis and
tetrapyrrole biosynthesis. Therefore, the first step dedicated to tetrapyrrole synthesis is the glutamyl-tRNA reductase reaction. All reactions are
given with the currently known cofactors. The abbreviations in brackets represent the genetic symbols for the bacterial genes encoding the
respective enzyme. While the identity of the enzymes and the tRNA involved in ALA formation has been established, the precise mechanism of
the glutamyl-tRNA reductase reaction is still uncertain, and the chemical nature of the GSA intermediate is still a subject of discussion.ul1"'"
The figure shows one of the proposed structures for the intermediate, the linear form.25

tRNA reductase (hemA) with an M. thermoautotro- control experiments using pBluescript without inserted
phicum genomic library to ALA prototrophy, yielded DNA (Fig. 4, lane 2).
approximately 50 slow-growing colonies. Restriction
analysis revealed the presence of an identical 3346 bp
fragment in nine of the 10 isolated complementing The M. thermoautotrophicum hemA gene encodes
plasmids. One of these nine inserts from the plasmid glutamyl-tRNA reductase
pMthemA was subjected to complete DNA sequence
determination. Two potential open reading frames To identify and initially characterize the enzymatic
encoded by the sequenced DNA fragment were identi- activity encoded by the cloned gene, the M. thermoau-
fied (Fig. 2). The first 1194 bp open reading frame totrophicum hemA gene was overexpressed in E. coli.
from position 59 to position 1252 encoded a 398 amino The expressed HemA protein was partially purified and
acid protein with a calculated M, of 44,509, which analyzed for its catalytic properties. Partial purification
showed a high degree of amino acid sequence identity was achieved by heating the obtained extracts for 30
to bacterial and plant glutamyl-tRNA reductases (Fig. min to 65 °C to denature major parts of the host
3). The highest degree of identity (35%) was found to proteins. One major protein with an Mr of approxim-
the enzyme encoded by the P. aeruginosa hemA gene. ately 45,000 and some minor contaminants were the
An approximately 22% amino acid sequence identity result of this procedure (data not shown). This major
was detected when the archaebacterial protein was protein was missing in experiments using only the
compared to plant analogues (Fig. 3). Several regions expression vector without cloned DNA (data not
of amino acid sequence were found unique to the shown). Activity tests under aerobic conditions with the
archaebacterial protein and were found absent in the partially purified protein using purified E. coli tRNAGlu

bacterial and plant enzymes (Fig. 3). Due to the high aminoacylated with [14C]Glu as substrate were
homology to other known hemA genes and to the performed. The assays yielded radioactive glutamate-
encoded glutamyl-tRNA reductase activity (see below), 1-semialdehyde (GSA) as the product as identified by
the open reading frame was named hemA. In vivo HPLC chromatography (data not shown). Due to the
protein expression experiments in E. coli using the M. instable nature of GSA, all other glutamyl-tRNA
thermoautotrophicum hemA gene cloned behind the T7 reductase tests were performed with the addition of
RNA polymerase promoter of pBluescript SK+ purified recombinant E. coli glutamate-1-semialdyde-
(pBlueMthemA) identified a polypeptide with an Mr of 2,1-aminomutase to produce the stable intermediate
approximately 43,000 as the product of the cloned ALA.25 The glutamyl-tRNA reductase reaction was
hemA gene (Fig. 4, lane 3). The obtained result is in found to be clearly RNase sensitive (Table 1). A
good agreement with the value deduced from the temperature optimum of 65 °C and a pH optimum of
cloned gene. The protein of 43,000 was not detected in 7.0 were measured for the M. thermoautotrophicum
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glutamyl-tRNA reductase (Table 1). NADPH was tion reaction during protein biosynthesis with a stimu-
found an essential cofactor for the enzymatic reduction latory role for GTP was proposed.1 However, similiar
process while the addition of NADH yielded only low to the findings for the E. coli and Chlamydomonas
enzymatic activity (Table 1). Earlier an enzymatic reinhardtii systems, no additional proteins seemed to be
mechanism for the glutamyl-tRNA reductase reaction required for the M. thermoautotrophicum glutamyl-
similiar to the enzymology of the peptide chain-elonga- tRNA reductase reaction, and neither the addition of

GTP nor ATP to the enzymatic reaction showed any
stimulatory effect (Table I).9'10 The possibility to
overproduce and purifry active thermostable glutamyl-
tRNA reductase should help to determine the
functional and structural basis for glutamyl-tRNA
recognition and reduction.GTTGAAAA 270

AGATGAGGATGCCCTTCTGCACCTTCTGAGACTGGCTTCAGGCCTTGAGTCCATGATAATCGGGGAGGACCAGATACTTGGACAAATAAA 360

Analysis of the 3'-region of the cloned M. thcrmoauto-
'GTGGGACAGACCGT «50

v G 0 T v
trophicum hemA gene

GAGGCGGAAGACG,

investigate the existence of a potential M.
um hem operon, as detected in a

' L^c "T * ^ " ° io 3'-regions of the hemA gene were sequenced.17 No
A L T R E R v M o A v P P E R R s obvious similarity to currently known hem genes was
A G A G G A A T C C G T C A G G G A A C T T G G A G T C A G G C T A T T C A C A A T C G A T G A C C T 900 ObSCrVCd. HOW6V6r, tllC ClOnCCl hemA gCHC W3S dirCCtty

C G A G G C A A G G G A G G C T G A G G G G A T A G T A A G G G C T G A A C T - G A A C K C T C C T 990 follOWCd by & fOUr-timCS TCpCated, alttlOSt JdCntiCal

£ » « E A E G i v R A E L E L L L DNA sequences of 50 bp (Fig. 2). To investigate the
TG.,.T,AGGGGGCGCATGG,GTCCCTCCGGG,GAGGG,GGCAGG,A,GGC ,«so potential role of the repeats as repetitive element
T G T T G A G G G T C T C A C A A G G T C A A T A G T T G A T A A G A T A T T C C A T G A T A I T G C 1170 Spread thrOUghOUt the whole M. thermOaUtOtrOphlCUm

1 genome, Southern blot experiments were conducted.
f L R M c s E L F o c o E s However, only one signal with M. thermoautotrophicum

T G T G C T C A T G G A G T T C m A A A E K G A A A A G A C T G T A G A G A A T T e G G T T T T 1360 genOHliC DNA WaS VlSlblC WHCtt tllC TCpCated DNA

secluence was use^ as a probe indicating the single site
• location of the investigated DNA repeats (data not

^ T T A A A G T T T A A A C G G A T T - T A T A A A A T T A A A A A A T T G A T - T A G G C G A A 1630 ShOWn). TllC bjOlOgiCal fUnCtiOH Of the ObSCrVCd DNA

repetition remains unclear. A second open reading
frame (orfl) of 1116 bp from position 2640 to position
1525 orientated in the opposite direction to hemA was
found in the 3'-region of hemA (Fig. 2). The deduced
372 amino acid protein with a calculated molecular
weight of 42,691 contains amino acid motifs highly
homologous to ATP binding sites found in a variety of
other proteins. In vivo protein expression experiments
using orfl cloned behind the T7 RNA polymerase
promoter revealed the presence of a protein with Mr of
approximately 43,000 (Fig. 4, lane 1). The highest
degree of amino acid identity for Orfl was found to

l . C , , C G T C C A I G G - G A T A T C A C T t - T C , C G T C , , G G . . C T C C I C C C T C T C G t T C K C A G C A G T A T , A T G G , G G T G T I T C T G G T T A T 23,0 ^ ^JJ (jjyjgJQjj COntrOl prOtCittS Of VanOUS ba^CHa

G A A C C G K A G G G T G G G C C C T T A T T A T C T T G A A T G C A T A G T C A G G G A G C A G T T T C T G G T C G A A T A G G T A G G A A C C C T C A G T T G C A C T 2»30 3ttd Of yBaSt, SUggCStittg & pOSSlblC inVOlVCmCnt Of tllC

1 L K ° a F "' ' s c E T " s Orfl protein in the cell cycle of M. thermoauto-
C E V, 0 D R A » 1 E E L E" K !. V A D 1 R P S E » L N C V F tWphlCUm 2<3'21

:ATCTGCCAGTGC 1620

I D R G S M G K T L K V L K D V S F O

A A G C A T C A T C C G C C T C T C A T C A T " C C C C G G T A A C T T G A A C T C T A * T T C C T C C T C A A A

L M M R R E D D G P L K F E 1 E E E F

A T C T A T G A A i960

" G A G G C T T G T 2070

L S T

GA::TTCCTGGGCGCCCAGTCCCTGAATCTGTCCGGGTCCTCAA
V N R P A W D R F R D P O E L

T T C A A G - C T T G A G A T C 3346

Nucleotide sequence accession number

The nucleotide sequence data reported in this paper
appeared in the EMBL, GenBank and DDBJ Nucleo-
tide Sequence Databases under the accession number
X83691.

Experimental
Figure 2. Nucleotide sequence and deduced amino acid sequences of General
the cloned M. thermoautotrophicum hemA gene and orfl in its
3'-region. The repeated DNA sequence in the 3'-region of the hemA
gene are underlined. Please note that orfl is orientated in the All enzymes employed were purchased from United
opposite direction to hemA. RB = ribosome binding site. States Biochemicals, Bad Homburg, Germany, unless
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Figure 3. Amino acid sequence comparison of the proteins deduced from the currently known hemA genes.'7'"
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Stated Otherwise. Chemicals were reagent grade from Table 1. Functional properties of the partially purified glutamyl-
Merck, Darmstadt, Germany. Nucleotides, 5-amino- tRNA reductase (HemA) from M. thermoautotrophicum
levulinic acid, and antibiotics were from Sigma, Deisen- changes to normal Incubation pH Glutamyl-tRNA
hofen, Germany. Growth media were obtained from assay conditions" (°C) value reductase
Difco, Augsburg, Germany. Oligonucleotides were activity11

purchased from Roth, Karlsruhe, Germany. Radio-
isotopes were supplied by Amersham, Braunschweig, — 65 7.0 420
Germany. Methanobacterium thermoautotrophicum RNase treatment 65 7.0 35
strain Marburg was cultured and harvested as outlined ^°A^DPH afdi,li°" 65 7'° ¥
before.28 Escherchia coli strain DHScx was cultured on NADH instead of NADPH 65 7.0 71
T „ ,. . ~- 0/-, , , , 7g _, , Addition of 2 mM GTP 65 7.0 405
LB medium at 37 C unless stated otherwise.2^ Growth Addition of 2 mM ATP 65 7.0 395
media tor the ALA-auxotrophic mutant of E. con 30 7 0 45
GE1387 were supplemented with 50 ug/mL ALA.30 40 7.0 102
Ampicillin was used at a concentration of 100 ug/mL. 55 7.0 255
Genomic DNA from M. thermoautotrophicum was — 65 7.0 420
prepared as outlined before and partially digested with — 75 7.0 270
Sau3A, sized, fractionated, and ligated into the BamHl ~ 65 5.0 45
site of pUCBM20.29-31'32 The genomic library was ampli- — 65 6.0 127
fied in the E. coli DHSoc. The ALA-auxotrophic strain ~ ^5 6.5 390
GE1387 (hemA-) was transformed via electroporation ~ ^ ™ .J:
with an M. thermoautotrophicum genomic library 65 80 105
prepared in pUCBM20.30'32 Complementing plasmids 65 Q'Q 32
were selected by cultivating the transformed bacteria
On LB medium without ALA.19'20 One complementing "Enzyme assays were carried out as detailed in the Experimental.
plasmid termed pMthemA was subjected to further "Glutamyl-tRNA reductase activity is expressed as pmol of [I4C]ALA
analysis. All DNA manipulations were carried Out as synthesized from E. coli [MC]Glu-tRNAGI" per mg protein fraction.
j ., , , . , , ., . 29 TL * r 50 uL of the heat treated column fraction containing partially
described, unless stated otherwise.29 The structures of puri£ed M themoautotmphicum glutamyl-tRNA reduclase were
pUCBM20 and pBluescript SK+ have been described used for each assay.
before.32 DNA sequencing was performed with "RNase A (10 mg) treatment was for 30 min at 30 °C.

1 *! 3 denatured double-stranded plasmid DNA by the
dideoxy method with Sequenase version 2.O.33 In vivo
translation and analysis of the obtained products was
performed as described earlier.34"36 The complete DNA
sequence of the insert of pMthemA was determined
via primer walking. Escherichia coli BL21 (DE3), which

67 carries T7 RNA polymerase under control of the
/acUV5 promoter, was transformed with the plasmids
pBlueMthemA and pBlueMtorfl and as a control
pBluescript SK +.

Orf I ~
Overexpression and purification of the M. thermoauto-
trophicum hemA

Escherichia coli GE1387 transformed with pGPl-2
(encoding the thermo-inducable T7 RNA polymerase
gene) and pBlueMthemA or as a control with pBlue-
script SK+ were grown overnight in LB media at 30 °C
containing 50 ug kanamycin/mL and 75 ug ampicillin/
mL to an OD6I)I, of 0.8 to 1.2, and T7 RNA polymerase
was induced by a temperature shift to 42 °C for 30

_ _ min.29 Incubation was continued for a further 1 h at
£.0 37 °C before the bacteria were harvested by centrifuga-

tion. The cells were resuspended in extraction buffer
„. . , . . ,, , . , „ ... (50 mM Hepes, pH 7.9, 10 mM EOT A, 5 mM DTT,
Figure 4. In vivo expression of the hemA gene and orfl residing on ;;,._, . . v ' v. . ,'. ._ ».T^/-.i • * j j
the cloned M. thermoautotrophicum genomic DNA fragment. The 20% v/v glycerol) including 10 mM KC1, sonicated and
plasmid-encoded gene products were labeled with [35S]methionine as centrifuged for 90 min at 100,000 Xg. Obtained cell
described in the text and detected by autoradiography after separa- free extracts Were heated for 30 min to 65 °C.
tion of proteins on SDS-polyacrylamide gels.35* The plasmids Resulting debris of denatured proteins was removed bv
pBlueMthemA (lane 3), pBluescnpt (lane 2), and pBlueMtorfl (lane rentrifimatinn Snhsemipntlv the HpareH •siinematan'tl) used in these experiments are described in the text. The position centntugation. buOsequently, the cleared supernatant
and apparent molecular weights of protein standards run on the was loaded directly Onto a DEAE cellulose column at a
same gel are indicated. concentration of 10 mg protein per mL column
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volume. After extensive washing with extraction buffer, 3. Jordan, P. M. In New Comprehensive Biochemistry;
proteins were eluted with extraction buffer containing Neuberger, A.; van Deenen, L. L. M., Eds.; Elsevier:
300 mM KCI. The tRNAs which were still bound to the Amsterdam, 1991; Vol. 19.
ion exchanger at 300 mM KCI, were eluted with extrac- 4. Friedmann, H. C.; Thauer, R. T. Encyclopedia of Micro-
tion buffer containing 1 M KCI. The protein (300 mM biology; Academic: New York, 1992; Vol. 3, pp 1-19.
KCI elution step) and nucleic acid (1 M KCI elution 5 Kikuchi, G.; Kumar, A.; Talmage, P.; Shemin, D. /. Biol.
step) fractions were dialyzed extensively against assay Chem. 1958, 233, 1214.
buffer (20 mM Hepes, pH 7.0 or pH values as , „., „ ^ , ... „ ,T , . „. , ,
• j- ^ A m A* vr^\ in »» »» /-"i i *i r^-r-r «• Gibson, K. D.; Laver, W. G.; Neuberger, A. Biochem. J.indicated, 10 mM KCI, 10 mM MgCl2, 3 mM DTT, 1Qi-R 7f) 71
10% v/v glycerol).10-19-20'37

7. Avissar, Y. J.; Ormerod, J. G.; Beale, S. I. Arch. Microbiol.
1989, 757, 513.

Glutamyl-tRNA reductase assay 8. Jahn, D.; Verkamp, E.; Soil, D. Trends Biochem. Sci. 1992,
77, 215.

Protein extracts (50 uL each) dialyzed against assay 9. Chen M.-W.; Jahn, D.; O'Neill, G. P.; Soil, D. J. Biol.
buffer were incubated in the presence 10 mM levulinic Chem. 1990, 265, 4058.
acid, pH 7.0, 10 uM pyridoxal 5'-phosphate, 3 mM 1(1 T , „ ,.. , , ,T „..,. ^.,0-1^1. mm IAAxnAiVrT in \i v~.i X/-, • T- .XTA • ™ A™ 10. Jahn, D.; Michelsen, U.; Soil, D./. Biol. Chem. 1991. 266.
NADPH, 10 mM Glu, 20 units RNAsm, 20.000 cpm 2542
[14C]Glu-tRNAGlu (41 cpm/pmol) at 65 °C (or tempera-
tures as indicated) for 15 min. Subsequently, the assays 1L Ila§' L^n'Jahn> D'; Eggertsson' G-; Soll> D- J- Bactenol.
were supplemented with 30 ug/mL E. coli glutamate- ' '
l-semialdehyde-2,l-aminomutase purifed to apparent 12. Hag, L. L.; Jahn, D. Biochemistry 1992, 37, 7143.
homogeneity, as described earlier and incubation was 13. jami, D.; Chen, M.-W.; Soil, D. J. Biol. Chem. 1991, 266,
continued for another 20 min at 30 °C.1(U9-20 Aminoacy- 161.
lated tRNA^ was prepared using purified E. coU R Friedmann, H. C.; Thauer, R. K. FEES Lett. 1986, 207,
Glutamyl-tRNA synthetase, as outlined earlier.' - 84
The reactions were stopped by the addition of 400 uL
20 mM KOH. Samples were boiled for 5 min and 15- F^m^n-H-c-: ^r. R-^jGo^J p.; Kannan-
subsequently neutralized by the addition of 65-80 uL §ara' C G Carhberg Res. Commun. 1987, 52, 363.
100 uM HC1 (the exact amount HC1 was determined in 16. Matters, G. L.; Beale, S. I. Arch. Microbiol. 1994, 767,
pilot experiments with assay buffer) and 100 uL 0.5 M 272-
tris-HCl, pH 7.0. Samples were applied to 300 uL 17. Asahara, N.; Marakami, K.; Korbrisate, S.; Hashimoto,
Dowex-1 columns equilibrated with H2O. The formed Y.; Murooka, Y. Appl. Microbiol. Biotech. 1994, 40, 846;
[14C]ALA, found exclusively in the flow through Avissar, Y. J.; Beale, S. I. / Bacterial. 1990, 72, 1656; Drolet,
fraction, was directly quantitated by liquid scintillation M- Peloquin, I.; Echeland, Y.; Cousineau, I.; Sasarman, A.
counting. All [14C]Glu derived from the deacylation of MoL Gen- Genet- 1989' 276' 34?; Elliott' T- J- Bacterial. 1989,
mGlutRNA- was retained by the column f ̂ 8' ^&^ ^V^'i ̂  ^^ C^£
material-'1^ HPLC analysis of the enzymatic product 6''*5' Ll' J - M - ; Russell, C. S, Cosloy S. D. Gene 1989 82

r . ,. , ,. inn 209; Mammdar, D.; Avissar, Y. J.; Wyche, J. H.; Beale, S. I.
was performed as outlined earlier.10-1

 Arch Mlcrobiol 1991> 156> 281; Verkamp, E.; Chelm, B. K. /.
Bacterial. 1989, 777, 4728; Verkamp, E.; Jahn, M.; Jahn, D.;
Kumar, M.; Soil, D. / Biol. Chem. 1992, 267, 8275; Petricek,

ArknnwlpHompnt« M-^ Rutberg, L.; Schroder, I.; Hederstedt L J. Bacterial.
8 1990, 772, 2250. The not yet published HemA sequences

„. . , , . . , _ . were obtained from the database genpep with the accession
This work was supported by grants of the Deutsche numbers X92403> X86101; D670|8) ^30821j X78969 and

Forschungsgememschaft, the Max-Planck-Gesellschaft, from swiss prot with the accession number P46724.
Fonds der Chemischen Industrie and the Graduierten- .
kolleg Enzymchemie of the Philipps-Universitat 18- Dane, S, Gunsalus R. P. J. B^erw/. 1994, 776, 5270.
Marburg. We are indebted to G. Eggertson (University 19. Hungerer, C.; Troup, B.; Romling, U.; Jahn, D. /.
of Reykjavik) for the gift of the E. coli strain GE1387. Bacterial. 1995, 777, 1435.
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Kempf, A. Szabo, and B. Troup (Laboratorium fur Gen. Genet. 1995, 248, 375.
Mikrobiologie, Universitat Marburg) for the gift of E. 21 Heiden> s . Hedderich, R.; Setzke, E.; Thauer, R. K. Eur.
coli strains and plasmids and many helpful discussions. / Biochem. 1994, 227, 855.
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