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Ahtract--A hydrogcnuc was lsolatcd from a umccllular and non-mtrogen-fixmg cyanobactcrlum. MWMJJII> 
~IN)M stram NIES 44. The enzyme wax arrly solubtltzal and wu apabk of oolnng hydrogen gas m the prcsena 
of r&tad methyl nologcn and bcnzyl nologcn The enzyme was stlmubtcd by dlvaknt Ions and showed a pH 
optimum around 6 8. The M, of the enzyme. estimated by gel hltratlon. was 50000 
--.-- --. - --..-- -. - _- -. - 

Hydrogcnvcs have been extcnstvcly studlad In 
phyuologtal mvatlgtlons of mtrogcn-huq cpnobac- 
tena [ 141. One mterprctatlon of the role of hydrogcnasc 
1s In the recovery of hydrogen &u w&h 1s evolved by an 
tneverubk side reactton of nitrogenaxe. Bcslda thts 
‘uptake’hydrogcnasc actlnty. It has beta suggested that a 
‘rcverstblc’hydrogcnasc may atalysc hydroucn evolution. 
not only In mtrogen-tixmg [ >8]. but also non-nltrogcn- 
fixmp cultures and rprcla [% I 11 

Hydrogtnva have betn partully punficd from the 
followmg cultures of hhmentour spa3a. nitrogen-lixmg 
habotM c)/lndfUI (I?]. IIltrO~n-hXIng huhma Sp 

strain 7120 ( 131. natural water bloom of Osdlaror~o 
ltmntrrro (Id]. whKh can metabollu molecular hydrogen 
dunng sulphldcdcpcndent anoaygcnlc photorynthcslr 
(91. natural water bloom of Sprruh~ maxtmo ( I J] and 
natural water bloom of .3fuvy&adw hmmosuc (161 In 
marked contrast to the filamcnt~uscyanobactcna. there IS 

little mformatlon avalhbk about hydrogcnasc In um- 
c4lular and non-mtrogcn-hung cyanobactcna. In par- 
ticularly those with a hydrogen c*olvmgcapablhty. II hrs 

ban reported that the axeruc culture of a umallular and 
non-tutrogcn-firmg kfhcm-.ms utrugm~ stram NIES 
44 (IT] and other spec~a of .Cltrroc,sfti (Iti] can cvol\c 
molecular hydrogen endogenously In dark and anaerobIc 
condltlons and consume It by oxyhydrogcn and anacroblc 

hphtdcpcndcnt rcactlons These conslderatlons habe 
prompted us to study some properties of the hydrogcnasc 
In M. orrug~no.w and to compare these propertIcs ulth 
those oburbcd for the enzymes from other cyanobactcna 

PtCl I IS *hD DIS(‘t !WDh 

When Intact alls of .M arruymow were broken by a 
French press. most of the hydrogenw actMy was 
razoverbd In the supcmatant fraction (Tabk I) Tbc 
supernatant friKllon cvolbcd hydrogen In the prcscm 01 
r&tad methyl nologcn and consumed hydrogen In the 
presena of ntamm K,. suggatmg the occurrena of a 
‘revcrslbk’hydrogenasc. In Anohmno sp strum 7 I20 ( 131. 
AnobocM ovl~ndrrco ( 121. Spvulrn~ muxrmcr (IS] and 
.M~flgoclodw IamuwSuc ( 161. the ‘rc~colblc’ hydrogcnau 
IS known to be easily solubllued by gentle all dwuptlon 

procedures Funhcrmorc. IUO forms of ‘rcvcrubk’hydro- 
getuse. dllTermg In kmetK and chrom;rtographlc prop- 
crtlcs and mediator spaclfictty. ha~ been Isolated from 
O~rllotorlu IrmnerKo ( 141. In the present study. a smglc 
band stammg for hydrogcnasc was observed when J 
sample of lhc \upCrWAlant ffXliOn *as sub)WCd to 
polyacrylamldc gel ckctrophorcsls tdata not shown) In 
addltlon. DEAE~llulosc ~ncl Scphcryl S-?tlOchromato- 
graphy falled to rcsolvc the hydrogcnav Into more than 
one peak of actlvlt) tscc below) 

lrbk I Usw&utton of hydrogcrwc acvw~y 
- -.__-,_ _ - - - - -- 

PI H, hr ml cwact 

tt: cvoluuon H: uptake w*cth 
Frxtlon from I mU WV, I mM rlumm K, 
----- __- _ _-- --- 

l IOOOO 4 rupemaunr 141 5 2 32 
I IOooop p&l 71 013 
-- - _ -~--- --..- 

lntxt alb were broken by plucy through I French prw tttO0 t&cm’) 

The catract wu aotnfupd at 2u)o 0 for IO mm rnd Ihc supcrnaunl from 

thls step wu ccnrrlfupd l t I IOooOq la I hr MV wu reduced hy 5 mM 

Na,S:O, 



When mtact cells of M. orrug~no.~~ were broken by 
sonrcat~on, the hydrogenrue was also recovered tn the 
solubk fractron. To further put-try the cnzyrne. the 
solubtlued hydrogetxue was prued throu~ DEAE- 
allulose and Sephacryl S-200 columns. Tabk 2 sum- 
maruts the protem dtstnbutlon. spac~hc acuv~ucs and the 
recovery of act~vuy untts m various steps of punhcatton 
On DEAEcellulow chromatography. conudcrabk 
amounts of the blue phycokhprotetns were removed at 
0 I M N&l and the enzyme was clutcd at 0.2 M NaCl 
tF~g. I) However. the spa~fic acunty followmg thrs step 
was lower than that attatned for the enzyme l pphal to the 
column. A crude fractton of ferradoxm was also recovered 
In the 0 3 M NaCl cluant On Sephacryl S200 chronxato- 
graphy. more blue pigments were separated from the 
hydrogeenou. but the clutal enzyme exhtbtted a further 
dalrne m rtlvlty. This findmg prevented attempts to 
further purtfy the enzyme Consaqucntly all charactcnz- 
attons were conducted w-tth the parttally punfied enzyme 
that clutcd from the Sephacryl column. 

There were tndtcattonr throughout the punficatton that 
the enzyme might be unstable when exposed to arr Ftrst. 
mcluuon of reducmp reagents such as DTT. cystnne-HCI 
and reduced glutathtonc tn the enzyme buffer Ihrou8houI 
the punhation impr0vz.d the yxld of the enzyme. 
Saxndly. If the solubtluod enzyme was storal at 5’ In ur 

with DTT. half of the activity was rctamed after 5 hr. 
Thirdly. tf the parttally purlhad enzyme was frozen at 
- 80’ wtth DTT. half of the actrvtty wu recovered after 3 
mooths These findings are very stmtlar to those reported 
for the putrally put&d prepatattons of ‘reverrrbk’ 
hydrogenrvs from S maxma [ I S ] and hf. /(y11tnosw [ 161 
In contest. other studtes have mdrotai that the ‘re- 
verstbk’ hydrogenasa from Anuboeno 7 I20 [ I3 ] and 0 
lmuuruu [ 141 are quite restslant to mactlvatton by 

oxyten 
The .M, of the M orrugutow hydrogenase. dctermtncd 

by gel hltratlon on a cahbrated Sephadex G-100 column, 
was cst~matai to be 50000. Thts value IS smaller than 
those reported for the ‘reverstble’ hydrm from 
S maxuwa [IS] and A&MWUI 7120 [ 131. The M, of the 
S maxv~ enzyme. determuted on a cahbrated Septtacryl 
S-200 column. wa estimated to be SSOOO. In Ana&rna 
7120. results mdrcated that aggrqattoo of the enzyme 
occurred ut solutton. The enzyme was first hated to 70 
for I hr. thra peaks of M, 113000. 165ooO and 55000 
appeared on a caltbrated G-200 column The last protan 
specta was obtatned only with heat treatment 

The pH acttnty profile for the M. wrug~nosa hydro- 
genase has a sharp pH opumum at pH 6.17.0 and IS 
simtlar to that observed for the enzyme punhcd from 
Anubatno 7120 [ 13) and 0. hturm2 [ 141 

Tabk 2 Furtfiatlon of hydromw 
-- --- .-- ---- _ -.- 

Toul TOUI SpalfK 
protcm xtlnty YllvlIy Yxld 

SW tm8l tumt*) lunkmgl t”,) 
--. -. . - -. ._ -__. 

2ux) 4 rupematanr 665 495 0745 la, 
I loam g supcmmnt 468 362 0 773 736 

DUE-xllulou 174 I46 OS91 295 

scptwyl s200 8 49 I 92 0 226 0 388 
- ----.-._- -. 

l I umt - I rmok of H, erolwdhr 

FIN I DE 52 alumn chromatography of hydro#erusc from .Wuror)ms orngmosa - A,.o. .’ A.,,,. 0 

hydrogcnac ac~c~y A.:,, ~4s marwed IO &tat fcrrcdoun 
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Lkt the s. mQxLmQ CnzymK (IS]. the M. 4wtqimJa 
hydrow was strmulated by d&cnt ations except 
Cd’ l and Cu’ l (Tabk 3) Tlx M. aemgurosacnzyn~ was 
sttmuLtad (in order of I~XTUSI na tffcctivcnus) by Sn’ l , 
~~‘,G”,Mg”.Mn2’.Fc2’.Co2’,N~2’ rodZn’*. 
Alth43ugh Zn2 l was the most cfktivc ation with t)K M. 
~ICY)SO enzyme. II drd not SLUENJ~~C the S. moximsl 
cnzymc. In l ddttion, ATP and Mg” were found lo 
rnhAnt the S nauxrmq enzyme but not that of 
M mgmso. 

The ortifkxl clactron carntm methyl nologcn and 
bcnzyl nom. were the only cffcctt= ekctron donors. 
TIK fcrredoxm frxtton (Fig. I) was not efkt~w at the 
conantratlon tested Thor result resembles those for 
A. cylrndruo [I23 and 0 lurvvrva [II]. In the present 
study. the & value for methyl nolqtcn wu co 0 51 mM 
In the hydrogen cvolutlon usry. Thor value IS the highest 
reported so far Tar ‘reversible’ hydrwnascs. Values of 
0.26 and 0.023 mM. 0.16 and 0.053 mM have ken 
rcponcd for 0 lrmrv~u [ II], S marrwut [ 1 S] and 
A. CJ’ftndrKU [ 12). rupativcly. 

Our results have confirmed the cx~~nencc of a solubk 
hydrv In M. a~uqmos~ a u~llular and non- 
nrtrogan-fixmgcyanobactcnum. Tbc propcrtrcs dcscnbcd 
here suggest that the enzyme may be a ‘rcvcrtibk’ 
hydrogerrw slmllar to that found In a numkr of the 
fikmcnrous and nrtrogcn-fiung cyanobrctcrrr. TIK 
physlologA rok of the ‘remsibk’ hydrow IS strll 
obscure. It has ti spcculatcd that the ctlzymc phyl8 
dommant role m an anatrobk cnvuonmcnt (4) WC have 
prcnourly demonstrated that, tn dark and anacrok 
condrtrons. Intact ctlls of M. wrugvrow [ 171 and 
S. plcurnsrl [ 191 could evolve molecular hydropn. It 1s 
not untcllsonabk to wumc that the present enzyme IS 
lnvolvad In tlus hydrogen evolution. However. furtkt 
study IS nary to verify this suggcstton Funher study 
IS also naxsary to reveal whether the hydrogen uptake 
rtivtty In Intact alls of M ucrugtnosa 1s due to the 
prosent enzyme or another membrane-bound cnzyn~. A 
soluble ‘rev&bk’ hydrogcnasc logctkr mth a 
mcmbnnc-bound ‘uptake’ hydrogmuc have been prc- 
prcd from the French press extract of Anobor~ 7120 

[ 13) In contrast to the ‘rcverstble’ hydrogcrusc, ttu 
‘uptake’ hydrogcnasc cOnnot evolve hydrogen from rc- 
duccd methyl vtologcn at an apprecublc rate but II can 
consume hydrogen In the prcsencc of electron accqors. 
We )Uvt murural hydroRcn uptake actrvtty In our 
French press extract and found very Itttk acttvtty tn the 
soluble and Insoluble frocttons when vrtamm K, was used 
as a mtdutor (Tabk I). Thts dots not clun~natc tht 
poulbtlrty of the ex~stertce of an ‘uptake’ hydrv tn 
M tierrqrn~~. In view of the findmgs rciatcd IO the 
Anubar~ 7 120 eruyme The latter WLI found to be more 
lablIe than the ‘rtverubk’ hydrogcnuc and to react only 
wrth medutors having a posrtrve mtdpomt polentul, 
Cunently we are mvcstrgatrng the condtttons nary 
for the rcconstttutton of hydrogen uptake activity In 
.4f UfQJgrnoJu CxtractS 

EXPERIMEWAI. 

An rmnr swrrn of H orru.~mm~ form WUQIO Kutoaa 
NIES 44 [20.21] wuculturai mr mod&d MA me&an [II] at 
27-28’ under pen&r tllumrnatron (16 hr onfl hr oCT) of 
30-40 W’m’ from coo) rtntc fluortwrnt t&a. T& cuhum was 
bubbled vlrh au dunnl tk 11fit penod ARcr 112 dryl of 

Tab& 3 E!k d nutal ION on 
hydrv u~rnty 

-- 

Rchuvc 
Mtul rrrvlty or 
WOIU hdrqen= 4 ‘;) 
-- --- 

NorK IO 
M#J l 1% 
G’ l I45 
Mn’ ’ IS9 
Fe’ l 169 
co* * I 70 
NI’ * 184 
c’u’ l 124 
Zn” 199 
Cd’ ’ I04 
Sn” II2 
Ba** I35 
--_.- -- 

All n&u41 IOOI wet &&tad l t 

I mM The acunty of la)*/ was 
oqurnlcnt IO 0 I1 3 4 H&/ml of 
rt4ctmn rruaturc TIVC amczntratwn 
of the prtvlly punfiad hydra. 
gcnasc w8s CquWaknt to 56 7ra 
protcm!2.24 ml of rca3IoII mlrture 

growth the culture broth wu gently sonw;rtod wng an uhm. 
sonr washr to rcIIK)* pI vrcuoks and 6xntnfupd at 2yloq 
The pellet wu wutud wth WmM Tns-HCl buffcr.pH 7.5 The 
ykld of the cpnobrcltn8l cxlb wu 10 20 g (wet wtl per 28 1 of 
culture lxtih The pclkt of thccyanobrcrcrlr was rrofbd AI - 80” 
untrl rquircd 

For prrlficatron of hydrv. the prcervcd alb (8 9 g wet 
ust) were throd and rkn suspendad In Xl mu Tnr HCl buk. 
pH 7 5 conrunq I mM DTT All butTer solns used dunna 
punfiatron pruxdura conumcd 1 mM DTT. The ruspuu~oa 
uu ronrrtcd at 20 W for I5 mm and then ccntnfqcd at 24CKlg 
for IO mln; tk wpcrnrunt was then antnfu@ at I IOOOO 0 la 
I hr After ccntnfuptlon. the supcrrutrnt wudulyscd om#t 
rpnst I mM Tns-HCl buffer. pH 7 5 and ~bcn apphod to a 2 5 
x I5crn DEAE~llulrmc co,lumn prcuqulbkrtod vlth I mM 
TWHCI buffer. pH 7 5 and du~cd by 10 mM Tns HCI, 50 mM 
Tns HCl. pH 7 5 and ~hcn a stcpwtsc gradrtnr of NaCl In 
50 mM Tr*HCl bufTcr The rtrvc hydrgcnuc fncuonr were 
combned and conal us~cq an Armcon PM-IO membrane fiber 
rnd rpphad to 2 S I 50 cm column of Scphrryl S2CNI pr+ 
cqwhbrtad wuh 50 mH Tns-HCl bunir. pH 7.5 coaunrn~ 
0 2 M NaCl Elut~on vu amcd out uuna the WTIC bulTcr sola 
ActI= frrlrons YWL pooled and coned by an Amron PM-IO 
filter and tiara! at -W until uu as partully punt&! hydr+ 
m T?u protcrn cocxn In CC &ants was contmuously 
momtomd •~ A,,,, Sonwrtron. czntnfuyuon. dulyus and CC 
proadum were curved out In condlrwn8 u rnacroh~ u 

P-Jk 
A CIU& frxtron of ferrajo*ln was ptcpual wrcordaog to rcf 

(221 
Hydrw runty vu dctcrrtunal by nxasunrq Hi cool- 

utnm from mctbyl nom roduud by blhrorutt uan8 a 
bydrgca clatrodc u mponcd prcvtously [ 18) TIw IDI vol of 
thcmroooWasclw&s224ml m m rmxturc cQnt.&lrWd 
1 mM nrtbyl wow 5 mM &turn drihrooltt and 50 mM 
buffer (%mmM TrxsHCl. pH 7 5 for rctlwty runty dunal 
plrtficrwzp ok 50 mM rod~~rn phoq&te, pH 7 lor chuticr~- 
l f)~o of tbc caqvnc). T)w uuy tcmp IU 25’ 
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