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Environmental Biotechnology

Chapter:1

Introduction to Biotechnology

The Chambers Science and Technology
Dictionary defines biotechnology as ‘the
use of organisms or their components in
industrial or commercial processes, which
can be aided by the techniques of genetic
manipulation in developing e.g. novel
plants for agriculture or industry.” Despite
the inclusiveness of this definition, the
biotechnology sector is still often seen as
largely medical or pharmaceutical in
nature, particularly amongst the general
public. While to some extent the huge
research budgets of the drug companies
and the widespread familiarity of their
products makes this understandable, it
does distort the full picture and somewhat
unfairly so. However, while therapeutic
instruments form, in many respects, the
‘acceptable’ face of biotechnology,
elsewhere the science is all too frequently
linked with unnatural interference. While
the agricultural, industrial and
environmental applications of
biotechnology are potentially very great,
the shadow of Frankenstein has often been
cast across them. Genetic engineering may
be relatively commonplace in
pharmaceutical thinking and yet in other
spheres, like agriculture for example,
society can so readily and thoroughly

demonise it.

IKoJIorHYecKasi OMOTEXHOJIOTHs
I'mama: 1

BBenenue B OMOTEXHOJIOTHIO
CnoBapp  ‘YamOepc’ HayKu U TEXHOJOTHMA
onpeensieT OMOTEXHOJOTHIO KaK «HMCIOJb30BaHUE
OpraHU3MOB TN X KOMITIOHEHTOB B
MPOMBIIUICHHBIX WM KOMMEPUYECKHX IMpoIleccax,
yemy MOTYT CII0COOCTBOBATh METOBI
TEeHETUYECKUX MAaHUIYIAUUA Tpu  paspaboTke,
HalpuMep, HOBBIC pPAcCTEHUS I  CEIIbCKOTO
XO03SICTBA WJIM MPOMBIIUIEHHOCTH ». HecMmoTpsa Ha
BCEOOBEMITIONIUN XapaKTep OSTOTO OMNpEeeTeHUs,
CEeKTOp OWOTEXHOJIOTUU  MO-TIPENKHEMY  YacTo
paccMaTpuBaeTCsI B OCHOBHOM KaK MEIMITMHCKHUMA
Wi ¢$apMaleBTUYECKUH IO CBOCH TPUPOJIE,
O0COOCHHO Cpe/IH IMIMPOKOW OOMICCTBEHHOCTH. XOTSI
JI0 HEKOTOPOW CTEIEHH OIrPOMHBIC OFOKETHI
(hapMareBTHUEeCKUX KOMIIAaHUH Ha MCCIICOBAHUS U
IIUPOKasi U3BECTHOCTh UX MPOJYKTOB JEIAIOT 3TO
MOHSATHBIM, 3TO JIEUCTBUTEIBHO MCKAXKAET TOJIHYIO
KapTUHY, W OTO HECKOJbKO HECIpaBeIJIUBO.
Opnako moka (OPMHUPYIOTCS TepaneBTHYECKHE
WHCTPYMEHTHI, BO MHOTHUX OTHOIIIEHHUAX
«IIpUEMIIEMOE» JIUI0 OUOTEXHOJOTHHU, B JIPYTHX
o0jacTaX Hayka CJIHMIIKOM YacTO CBsi3aHa C
Xors

HECCTCCTBCHHBIM BMCIIATCIBCTBOM.

IMPUMCHCHUC OHMOTEXHOJIOTHH B CCJIbCKOM

XO35MCTBE, MNPOMBIIUIEHHOCTH W OKpYyXKarolen
cpele NOTEHUHUAIBHO OYEHb BEJIMKO, HA HUX 4acCTO
najgaer TeHp OpaHKeHITeHA. ['eHHass HHXKeHepus
MOJKET OBITh OTHOCUTENILHO OOBIYHBIM SIBIICHUEM B
(hapMaIieBTHYECKOM MBIIIUICHUH, HO TeM HE MEHee
B JpYyrux cdepax, TaKMX Kak, HAIPUMEP, CEIILCKOE
TaK JIETKO H

XOSHﬁCTBO, O6H_[€CTBO MOXECT

TINATCJIbHO ICMOHU3UPOBATH 3TO.
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The history of human achievement has
always been episodic. For a while, one
particular field of endeavour seems to hold
sway as the preserve of genius and
development, before the focus shifts and
development ahead

forges in dizzy

exponential rush in an entirely new
direction. So it was with art in the
renaissance, music in the 18th century,
engineering in the 19th and physics in the
20th. Now it is the age of the biological,
possibly best viewed almost as a rebirth,
after the great heyday of the Victorian
naturalists, who provided so much input
into the developing science. It is then,
perhaps, no surprise that the European
Federation of Biotechnology begins its
‘Brief History’ of the science in the year
1859, with the publication of On the
Origin of Species by Means of Natural
Selection by Charles Darwin.

Though his famous voyage aboard HMS
Beagle, which led directly to the
formulation of his (then) revolutionary
ideas, took place when he was a young
man, he had delayed making them known
until 1858, when he made a joint
presentation before the Linnaean Society
with Alfred Russell Wallace, who had,
himself, independently come to very
similar conclusions himself, independently
come to very similar conclusions.Their
contribution was to view evolution as the
driving force of life, with successive

selective pressures over time endowing

living beings with optimised

Hcropusi 4yenoBeYeCKUX TOCTIKCHUIN Bcerma Oblia
snu3oandeckoid. Kakoe-To Bpemst 0OiHa KOHKpPETHAsI
chepa 0CTaeTcst

HpepOFaTHBOfI TCHHUA W Ppa3BUTHA, HOPCKIC YCM

JICSITEIIbHOCTH, Ka)KeTCsl,

(bOKyC CMCIIACTCA n

JABUIKCTCA

Pa3sBUTHC HCYKJIOHHO

BIIEpel B  COBEpPUICHHO  HOBOM
HarpaBiieHud. Tak OBUIO C MCKYCCTBOM 3IMOXU
Bospoxnaenusi, Mmy3bikoii B 18 Beke, HH)KEHEpHUEH B
19-m u ¢uzukoit B 20-M. Ceifuac HacTynuia snoxa
OMOJOTMYECKOro,  BO3MOXXHO,  JIydllle  BCEro
paccMaTpuBaeMoOro MouYTH KakK BO3POXKJIEHUE IOCIIe
BEJIMKOTO pacuBera BUKTOPHUAHCKHUX
€CTECTBOUCIIBITATENCH, BHECIIUX CTOJb OONIbIIOMN
BKJIaJ] B pa3BUTHE Hayku. [103TOMYy HEyAHBHUTENBHO,
gyro EBpormelickas ¢eaepanuss OMOTEXHOJIOTUU
HaunHaeT cBo «KpaTkylo HCTOpHIO» HAyKd B
1859 romy c mybnukauuu Yapne3a J[lapBuna
«[IpoucxoxaeHne BHAOB MyTeM €CTECTBEHHOTO

oTOOopay.

XoTs ero 3HaMEHUTOE IyTelIeCTBUE Ha OopTy
HMS Beagle, koTopoe mpHBelI0 HEMOCPEICTBEHHO
K (hopMyIMpOBaHUIO €T0 (TOI1a) PEBOJIFOLIMOHHBIX
uaei, MMerIo0 MeCTO, KOorja OH ObUT MOJIOJIBIM
YelOBEKOM, OH OTJIOKHMJ OOHApOJOBaHUE HX [0
1858 roma, xorma OH caenal COBMECTHYIO
Ipe3eHTaluio nepeq JIMHHeeBCKUM OOIIECTBOM. C
Anwsdppenom Paccenom Yomnecom, KOTOphIM cam
HE3aBHCHUMO MPHILIET K OYE€Hb MOXO0XKHM BBIBOJAM.
Nx  Briag  3akirovancs B TOM,  4YTOOBI
paccMaTpuBaTh 3BOJIIOLMIO KaK JBIKYILYIO CHILY
KU3HM C  IIOCJIENO0BaTENbHBIM  CEJIEKTHBHOE
JaBJICHUE C TEUEHHUEM BpPEMEHU HAJENSeT >KUBbHIE
CYLIECTBAa OMNTHUMAJbHBIMU ‘B3aMMOJICICTBHE

MyTalu
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characteristics for survival. Neo-Darwinian
thought sees the interplay of mutation and

natural selection as fundamental.

The irony is that Darwin himself rejected
mutation as too deleterious to be of value,
seeing such organisms, in the language of
the times, as ‘sports’ — oddities of no

Indeed, there is

species  benefit.
considerable evidence to suggest that he
seems to have espoused a more Lamarckist
view of biological progression, in which
physical changes in an organism’s lifetime
were thought to shape future generations.
Darwin died in 1882. Ninety-nine years
after his death, the first patent for a
genetically modified organism was granted
to Ananda Chakrabarty of the US General
Electric, relating to a strain of
Pseudomonas aeruginosa engineered to
express the genes for certain enzymes in
order to metabolize crude oil.

Twenty years later still, in the year that
saw the first working draft of the human
genome sequence published and the
announcement of the full genetic blueprint
of the fruit fly, Drosophila melanogaster,
that archetype of eukaryotic genetics
research, biotechnology has become a
major growth industry with increasing
numbers of companies listed on the
world’s stock exchanges. Thus, at the other
end of the biotech timeline, a century and a
half on from Origin of Species, the

principles it first set out remain of direct

XapaKTCPHUCTUKAMU JJIA BBDKHWBAHHA.

HGO,Z[apBI/IHI/ICTCKaH MBICJIb BHUJUT HECTECTBEHHBIN

0TOOp Kak (pyHIaAMEHTAILHBIN.

Wponus 3akmouyaercss B TOM, 4yTo caM JlapBUH OTBEpr
MyTalM{ KaK CIMIIKOM BpPEIHbIEC, YTOOBI IPEACTaBIIATh
LEHHOCTh, paccMaTpuBas TAaKHE OPraHU3MbI, TOBOPS
S3BIKOM BPEMEHH, KaK «CIIOPT» - CTPAaHHOCTH, HE
MPUHOCAIINE MOJIB3bl HU OJHOMY Bufy. JeiicTBurensHo,
€CTb BECKHE OCHOBaHMs IOJlaraTh, YTO OH, TOXOXKeE,
npuaepkuBancs Ooyiee JTaMapKUCTCKOTO B3IJIAga Ha
OMOJOTMYECKYI0 MpPOrPEcCHl0, B COOTBETCTBUH C
KOTOPbIM CYHHTAJIOCh, YTO (I)I/ISI/I‘IGCKI/IG U3MCHCHHS B
TEYeHUE >KU3HM OpraHu3Ma (QOopMHUPYIOT Oyaymiue

TTOKOJICHHUSI. 1882 romy. Uepes

[apBun ymep B
JEBSIHOCTO [JEBATH JIET IIOCJIE €ro cMepTH AHaHJe

Yakpabaptu u3 amepukanckodr General Electric Obur

BbIJIaH MIePBBIT MaTeHT Ha TeHETUYECKH
MOAU(DUIIMPOBAHHBIA ~ OpraHW3M, OTHOCAIIMHCA K
mTaMmmy Pseudomonas aeruginosa,
CKOHCTPYUPOBAaHHOMY  JUIsl  JKCIPECCUM  TI'€HOB

OTIpe/IeTICHHBIX ()EPMEHTOB C METBI0 METaOONH3UPOBATH
CBIPYIO HE(DTH.

Eme nBamuate 7neT cmycTs, B TOA, KOrga ObLI
OIyOJIMKOBaH IIEPBBINI pabounii IIPOEKT
[IOCIEA0BATEIBHOCTY YEJIOBEUYECKOI0 TIE€HOMAa U

ObUT AHOHCHPOBAH TOJIHBIA TEHETUYCCKUH IIIaH

mwiogoBo  mymku  Drosophila  melanogaster,
apXeTHIl MICCIIEZIOBAHHS 9YKapUOTUYECKOU
TCHETUKH, OWOTEXHOJOTHsl  CTajla  KpYIHOM

OTPaciipl0 POCTa. C POCTOM HHCJIA KOMIIAHUH,
KOTHUPYIOIIUXCS Ha MHUPOBBIX (DOHJOBBIX OMpXKax.
Takum oOpazom, Ha JAPYroM KOHIIE BPEMEHHOTO
rpaguka OHMOTEXHOJIOTHH, Yepe3 IOJTOpa BEKa
nocie mosiBieHust Origin of Species, MPUHIMIIEI,

H3JIOKCHHBIC B HEM, ITO-IIPCIKHEMY UMCIOT IIPAMOC
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relevance for what has been termed the
chemical evolution’ of biologically active
substances and are commonly used in

laboratories for in vitro production of

desired qualities in biomolecule

The Role of Environmental
Biotechnology
While  pharmaceutical  biotechnology

represents the glamorous end of the market,
environmental applications are decidedly
more in the Cinderella mould. The reasons
for this are fairly obvious. The prospect of
a cure for the many diseases and
conditions currently promised by gene
therapy and other biotech-oriented medical
miracles can potentially touch us all. Our
lives may, quite literally, be changed.
Environmental biotechnology, by contrast,
deals with far less apparently dramatic
topics and, though their importance, albeit
different, may be every bit as great, their
relevance is far less

direct readily

appreciated by the bulk of the population.

Cleaning up contamination and dealing
rationally with wastes is, of course, in
everybody’s best interests, but for most
people, this is simply addressing a problem
which they would rather had not existed in
the first place. Even for industry, though
the benefits may be noticeable on the
balance sheet, the likes of effluent
treatment or pollution control are more of
an inevitable obligation than a primary
such

goal in themselves. In general,

activities are typically funded on a

OTHOIICHUC K TOMY, qTo OBLIO Ha3BaHO

«XUMHYECKas 3BOJIIOLIHSD) OHMOJIOTUYeCKH
AKTUBHBIX BEHIECTB M OOBIYHO HCIIOJIB3YIOTCS B
nabopaTtopusix ISl MOJMYYCHHSI in Vitro )KeJlaeMbIX
KauecTB B OMOMOJIEKYIIBI.

Poab 3xo0j10ruveckoii 0MOTEXHOJIOTHM

B TO BpeMs Kak (dapmalieBTHYECKAs
OMOTEXHOJIOTHS TPEACTABISAET COO0M TIaMypHBIN
KOHEIl PBIHKA, 3KOJIOTMYECKUE NPHUIIOKEHUS SBHO
0oJbIle MOX0XU Ha «30aymKy». [lpuuunsl 3TOrO0
JOCTaTOYHO oOueBMIHBL. [lepcrekTuBa JleyeHuUs
MHOTHX OOJIe3HEH W COCTOSHHM, KOTOphIE B
HacTofllee BpeMsi oOelaeT TeHHas Tepamus |

OHMOTEXHOJIOTHYECKHE MCTOBI

Apyrue
MEIUIIMHCKUE Yyjeca MOTYT KOCHYThCS BCEX Hac.
Hama >kM3HH MOXET M3MEHUTHCS OYKBAJIBHO.
DKoJiorudeckas OMOTEXHOJIOTHS, HAIIPOTHUB, UMEET
JIeJIo c ropasJzio MeHee OYEBUIHBIMU
IpaMaTHYeCKUMU TeMaMH, M, XOTS UX BaXKHOCTb,
XOTS ¥ Pa3JIMYHAasi, MOXKET OBITh HUYYTh HE MCHBIIIE,
UX TpsAMas 3HAYUMOCTh TOpa3J 0 MEHEE IEHUTCS
OOJILIIMHCTBOM HACEIEHHUS.

Ouncrka OT

3arpsA3HEHUM M PALMOHAJIBHOE

oOpalieHue ¢ OTXOJaMH, KOHEYHO, B OOLIMX
UHTEpecax, HO s OOJIBIIMHCTBA JIFOJEH 3TO
MPOCTO pEIIeHUE TPOOJIEMBbI, KOTOPOW OHH OBl
Opeanowin He  cymecTBoBarh. Jlake s
MPOMBIIICHHOCTH, XOTS BBIFOJIbI MOTYT OBIThH
3aMeTHbl B 0OajlaHCe, OYMCTKA CTOYHBIX BOJ HIIU
Ooppba ¢ 3arps3HCHHEM SIBIIIIOTCS  CKOpee
HEM30EKHBIM 00s3aTEIILCTBOM, YE€M CaMOIICIIBIO.
Kak IIpaBHJIoO, TaxKas ACATCIIBHOCTD 00BIYHO
(buHaHCUpYeTCS U3 SIBHO OTPAaHUYCHHOTO OIOKETa

U TpaAUIIUOHHO paCCMAaTPHUBACTCA KaK
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distinctly limited budget and have
traditionally been viewed as a necessary
inconvenience. This is in no way intended
to be disparaging to industry; it simply
represents commercial reality.

In many respects, there is a logical fit
between this thinking and the aims of
environmental biotechnology. For all the
media circus surrounding the grand
questions of our age, it is easy to forget
that not all forms of biotechnology involve
xenotransplantation, genetic modification,
the use of stem cells or cloning.Some of
the potentially most beneficial uses of
biological engineering, and which may
touch the lives of the majority of people,
however indirectly, involve much simpler
radical and

approaches. Less showy,

certainly, but powerful tools, just the same.
Environmental biotechnology is
fundamentally rooted in waste, in its
various guises, typically being concerned
with the remediation of contamination
caused by previous use, the impact
reduction of current activity or the control
of pollution. Thus, the principal aims of
this field are the manufacture of products
in environmentally harmonious ways,
which allow for the minimization of
harmful solids, liquids or gaseous outputs
or the clean-up of the residual effects of
earlier human occupation.The means by

which this may be achieved are essentially

two-fold. Environmental biotechnologists

Heo0X0MMOe HEeyI00CTBO. DTO HUKOUM 00pa3zom

HC MIpCAHAa3HA4YCHO JJIA TOTIO, YTOOBI YHU3UTH

MPOMBIIIICHHOCTh;, 3TO TMPOCTO MPEJCTABISACT
KOMMEPUECKYIO PEAIbHOCTb.
Bo MHOruX OTHOLIEHUSIX €CTh JIOTHYECKOE

COOTBETCTBUE MEKIY dTUM MBIIUICHUEM U LEIIMHU
IKOJIOTHUYECKON OmorexHonoruu. HecMmoTpss Ha
BECh MEIMIUHBIN ITUPK, OKPYKAIOIIUI TPaHIUO3HBIC
BOIIPOCHI HAIIIETO0 BPEMEHH, JIETKO 3a0bITh, YTO HE
OHMOTEXHOJIOTUHU

BCE (hopMBI BKJTIOYAIOT

KCEHOTPAHCILJIAHTALUIO, TEHETUYECKYIO
MOAU(HKAINIO, UCTIOTB30BAHUE CTBOJIOBBIX KIETOK
UM KJIOHUpoBaHue. HekoTopble M3 MOTEeHIHAIBHO
HauOoJIee TMOJIE3HBIX MPUMEHECHUN OHMOIOTHYeCKON
WH)XCHEPUU U KOTOPBIE MOTYT KOCHYTBHCS >KU3HH
OOJBIIMHCTBA  JIIOACH,  OJHAKO  KOCBEHHO,
MIPEIoIaraloT ropaszio 0ojiee MPOCThIE MOIXOMIbI.
Koneuno, MeHee pamukanbHbie u 3QQPEKTHBIC, HO
BC€ 7K€ MOILIHbIE HHCTPYMEHTHI.

Dkojoruveckass OHOTEXHOJNOTHsS KOPEHUTCS B
OTXO0JIaX B HMX PA3NUYHBIX MNPOSBICHHUSIX, OOBIYHO
CBSI3aHHBIX  C

YCTpaHEHUEM  3arps3HEHUs,

BBI3BAHHOTO  NPEIBIAYLIMM  HMCIOJIb30BaHUEM,
CHUKEHUEM BO3JICUCTBUS TEKYIIEH AESITEIbHOCTU
WIM KOHTpOJIeM 3arpsizHeHus. TakuM o0pazom,
OCHOBHBIMH LEISIMH B 3TOW 0O0JAaCTH SBISIOTCA
IIPOU3BOJCTBO IIPOJIYKTOB 9KOJIOTUYECKH
0€30MacHbIMH  CIIOCO0aMH, KOTOpBIE MO3BOJISIIOT
CBECTU K MHHUMYMY BpEIHBIE TBEpIbIEC, >KUJKUE
WIM Tra3000pa3Hble MPOAYKTHl WIH YCTPAaHUTh
ocraTo4Hble 3(PQeKThl TpekHEeH esTeTHLHOCTH
YeJI0BEKa. MOXET OBITh JIOCTUTHYTO IO CYIIECTBY

JIBOSIKO. BMOTEXHOIOTU-3K0I0T’
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may enhance or optimize conditions for
existing biological systems to make their

activities happen faster or more efficiently,
or they resort to some form of alteration to
bring about the desired outcome. The
variety of organisms which may play a
part in environmental

applications of

biotechnology is huge, ranging from
microbes through to trees and all are
utilised on one of the same three
fundamental bases — accept, acclimatise or
alter. For the vast majority of cases, it is
the former

approach, accepting and

making use of existing species in their

natural, unmodified  form,  which
predominates.

The Scope for Use

There are three key points for

environmental biotechnology interventions,
namely in the manufacturing process,
waste management or pollution control.
Accordingly, the range of businesses to
which environmental biotechnology has
potential relevance is almost limitless. One
area where this is most apparentis with
regard to waste. All commercial operations
generate waste of one form or another and
for many, a proportion of what is produced
is biodegradable. With disposal costs
rising steadily across the world, dealing
with refuse constitutes an increasingly
high contribution to overheads. Thus, there
is a clear incentive for all businesses to
identify potentially cost-cutting

approaches to waste and employ them

where possible.

MOJET YJIYYIIUTh WX ONTHMHU3HPOBATH YCIIOBHUS
JUIE  CYIIECTBYIOIIUX OHOJOTMYECKHX CHCTEM,
9TOOBI CACNATh UX JEHCTBUS MPOUCXOIAT ObICTpee

i dpdexTuBHEe, MO0 OHHM MPUOETAIOT K KAKOM-

6o ¢opmMe M3MEHEHHH, dYTOOBI JOOUTHCA
KEIAeMOT 0O pe3ysbTara. Pa3znoobOpa3zue
OpPraHW3MOB, KOTOpPhIE MOTYT WIpaTh pOJIb B

OKOJIOTMYCCKUX  IMPHUIIOKCHUAX 6I/IOT€XHOJIOFI/H/I,
OI'pOMHO, OT MI/IKpO6OB A0 IOCpCBbLECB, U BCC OHHU
HCIIOJIB3YIOTCA Ha OI[HOﬁ H3 TPECX OCHOBHBLIX OCHOB
- NPHUHATH, aKKJIMMATU3HUPOBATHCA WA HU3MCHUTD.

B mopmaBnsiomeM  OOJNBIIMHCTBE — CIIy4aeB

npeoOagaeT MepBbId MOJAX0J, 3aKIHYAIOIIUICT B

MNPpUHATHN W  HCIHOJIB30BAHHU  CYHICCTBYIOIIUX

BHJIOB B X €CTECTBEHHOM, HEM3MEHEHHOU (popme.

Cdepa ucnonb3oBanus

Ectb TpHU KIIOYEBBIX MOMCHTa JId BMEIIATECIIBCTBA B
9KOJIOTHYECKYIO 6I/IOT€XHOJ'I01"I/II~O, a HUMCHHO:
MIPOU3BOACTBEHHBIA MpPOLIECC, YNPABICHUE OTXOAAMU
WIN KOHTPOJb 3arpsizHeHus. COOTBETCTBEHHO, KpPYyT
J3KOJIOTHYCCKas

HNPEATPUATHH, JUIS KOTOPBIX

OHMOTEXHOJIOr U nMeeT INOTCHIIMAJIbHOC 3HA4YCHUC,
npakTuiecku OesrpanndeH. OaHa u3 obnacreil, rae 3To
HaunboJiee OYEBHIHO, - 3TO OTX0Jbl. Bece KomMepueckue
orepaiuu 00pa3yT OTXOJbl TOH WM MHOH (hOPMBI, H
IJI1 MHOTUX YaCTbhb NPOU3BOAMMBIX IIPOAYKTOB ABJIACTCA
Ouopaznaraemoii. [1ocKONbKY 3aTpaThl Ha YTHIIM3AIUIO
BO BCEM MHpE HEYKIOHHO PacTyT, paboTa ¢ Mycopom
COCTaBIsieT Bce Ooiee BBICOKMH BKJIAA B HaKJaIHBIC
pacxonpl. Takum 00pazoMm, y BceX MPenNpHsITANd €CTh
SBHBIH CTUMYJN JJsl OINpENeNieHUs IOTCHUIHUAIbHO
COKpAIL[AIOIIMX 3aTpaT MOAXOAOB K OTXO0ZaM M HX

HCIIOJIB30BaHUA TaM, I'’/IC 3TO BO3MOXKHO.
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Changes in legislation throughout Europe,
the US and elsewhere, have combined to
drive these issues higher up the political
agenda and biological methods of waste
treatment have gained far greater
acceptance as a result. For those industries

with particularly high biowaste production,

the various available treatment
biotechnologies can offer considerable
savings.

Manufacturing industries can benefit from
the applications of whole organisms or
isolated biocomponents. Compared with
conventional chemical processes,microbes
and enzymes typically function at lower
temperatures and pressures. The lower
energy demands this makes leads to
reduced costs, but also has clear benefits in
of both the environment and

terms

workplace safety.

Additionally, biotechnology can be of

further = commercial significance by
converting low-cost organic feed stocks
or, since

into high value products

enzymatic reactions are more highly
specific than their chemical counterparts,
by deriving final substances of high
relative  purity.  Almost  inevitably,
manufacturing companies produce waste
waters or effluents, many of which contain
biodegradable contaminants, in varying

degrees.

H3meHeHus B 3aKOHOJATENBCTBE MO Bcell EBporie,
CIIA u B mpyrux crpaHax BMECTE MOAHSUIM 3TH

BOIPOCBl ~ Ha  Oojee  BBICOKMI  YpOBEHb

MOJUTHYECKON TMOBECTKH AHA, W B PE3YIbTATC

OMOJIOTHYECKHE METOIbl  00pabOTKHM  OTXOOB

NOJyYMJIA Topa3mo Oounblee mnpusHanue. Jliist
oTpacjieii ¢ OCOOCHHO BBICOKMM IPOH3BOJICTBOM
OUOOTXOOB:

Pa3iIniHbIC AOCTYIIHBIC

OHOTEXHOJIOTHHA 00paboTKHn MOTYT aTh

S3HAYUTCIbHYO 3KOHOMHUIO.
MOXET

OOpabaTpIBatonias  MPOMBIIUIEHHOCTh

IOJIYYUTh BbITOAY oT MMPUMCHCHUA OEJIBbIX

OpPraHM3MOB WJIM OTJCIIbHBIX OMOKOMIIOHEHTOB. I1o
OOBIYHBIMHA

CpaBHCHHIO C XUMHNYCCKHNMHU

nporeccamMi, MHUKPOObI U (DepMEHTHI OOBIYHO
(GYHKIMOHHMPYIOT IIpH 00JIee HU3KHUX TeMIIepaTypax
U JaBJICHHUSIX. OTO TMPUBOAUT K CHUKECHHIO
SHEPronoTPeOICHHS, YTO MPUBOIUT K CHUKCHHIO
3arpar, HO TaKKe uMeeT OUYCBUTHBIC
NPEUMYIIeCTBa C TOYKM 3PEHHS OKPYKAIOIIEeH
cpenbl U 6e30MacHOCTH Ha paboueM MecTe.

Kpome TOro, OUOTEXHONOTHUS MOXET HUMETh
JanpHelee KOMMEpPYECKOoe 3Ha4eHHE 3a CUeT
peoOpa3oBaHus JIEHMIEBOTO OPTaHMYECKOTO CHIPHS
B IIEHHbIE  MPOAYKTHl WU,  TOCKOJBKY
(dhepMeHTAaTUBHBIC peaknuu Oojee crenu(uIHsbl,
9eM WX XUMHUYECKHE aHAJIOTH, IyTEeM TOTYYCHHS
KOHEYHBIX BEIIECTB C BBICOKOW OTHOCHUTEIBHOM
HEN30eKHO

YHUCTOTOM. [IpakTryecku

MIPOU3BOJICTBEHHBIE KOMITAaHUU MIPOU3BOJIAT
CTOYHBIC BOJBI WM CTOYHBIE BOJBI, MHOTHE U3
KOTOPBIX COZIepKaT OnopazaraeMple 3arpsi3HUTENN

B TOUW WJIM UHOM CTEIIEHU.
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Though traditional permitted discharges to

sewer or water courses may be adequate

for some, other industries,particularly
those with recalcitrant or  highly
concentrated  effluents, have found

significant benefits to be gained from

using biological treatment methods

themselves on site.

Though careful monitoring and process
control are essential, biotechnology stands
as a particularly cost-effective means of
reducing the pollution potential of
wastewater, leading to enhanced public
relations, compliance with environmental
legislation and quantifiable cost savings to

the business.

Those involved in processing organic
matter, for  example, or  with

drying,printing, painting or coating
processes, may give rise to the release of
volatile organic compounds (VOCs) or
which

odours, both of represent

environmental nuisances, though the
former is more damaging than the latter.
For many, it is not possible to avoid
producing these emissions altogether,
which leaves treating them to remove the
offending contaminants the only practical
solution. Especially for relatively low
concentrations of readily water-soluble
VOCs or odorous chemicals, biological
technologies can offer an economic and
conventional

effective  alternative to

methods.

XOoTs TpaauLMOHHBIE pa3pelieHHble COPOCHl B

KaHaIM3alMI0  WIA  BOJOEMBl  MOTYT  OBITh
JNOCTATOYHBIMM JUISI HEKOTOPBIX, APYTHME OTPACIIH,
0CcO00EHHO Te, KOTOPbIE UMEIOT TPYJHOYCTOMYUBBIC
WU BBICOKOKOHLIEHTPUPOBAHHBIE CTOYHBIE BOJBI,
OOHapyXuiIu 3HAYUTEIIbHBIC BBITO/IbI oT
UCIIOJIb30BaHUS CaMHUX METOJI0OB OMOJIOrMYECcKOi

OYHCTKH Ha MCCTC.

XOTsa THIATENbLHBIN MOHUTOpPHUHI' MW  KOHTPOJIb

nporiecca HMEIOT BaKHOE 3HaYEHHE,
OMOTEXHOJIOrUs SBIIAETCS OCOOEHHO DKOHOMHUYHBIM
CPEJICTBOM CHIKEHUS IMOTEHIHATILHOIO
3arpsi3HEHUS] CTOYHBIX BOJI, BEAYIIUM K YCHIJICHHIO
CBA3ell ¢  OOIIECTBEHHOCTHIO,  COOJIIOIEHHIO
HKOJIOTUYECKOTO 3aKOHOJATEIbCTBA W OLIYTHMOM

OKOHOMU M 3aTpat AJjiia OusHeca.

Te, kTo ywyacTByeT B mepepabOTKe OpraHHYECKUX
BEILIECTB, HAIpUMEpP, WM B IPOLECCaX CYIIKH,
1eyaTH, OKPaCKU WJIM HAaHECEHUs MOKPBITUN, MOTYT
BbI3bIBATH  BBIJCIICHUE JIETYYUX OPraHUYeCKHX

coenunennii  (JIOC) wnmm 3amaxoB, KOTOpBIE
MPEJCTABISAIOT COOOW Bpeln Ui OKPYXKArommei
Cpelbl, XOTS TMepBble Ooliee OMacHbl. YeM
nocneaHui. s MHOTMX HEBO3MOXHO IMOJIHOCTHIO
n30exaTh 00pa30BaHUS ATHUX BBIOPOCOB, TOITOMY
€IMHCTBEHHBIM MIPAKTUICCKUM pelieHneM
ocraeTcsi Ux 00paboOTKa IJs yHajJeHUs BPEIHBIX
3arpsI3HAIOLIUX BEIIIECTB. buonoruueckue
TEXHOJIOTUU MOTYT MPEJIOKUTh SKOHOMUYHYIO U
3¢ (HEeKTHBHYIO  albTEPHATUBY  TPATUIUOHHBIM
METOJIaM, OCOOEHHO JUISi OTHOCHUTEIIBHO HH3KUX
KOHIIEHTpalMil Jierko pactBopuMbix B Boje JIOC

HJIN MMaXy4nuxX XUMHUKATOB.
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The use of biological cleaning agents is
another area of potential benefit, especially
where there is a need to remove oils and
fats from process equipment, work
surfaces or drains. Aside from typically
reducing energy costs, this may also
obviate the need for toxic or dangerous
chemical agents. The pharmaceutical and
brewing industries, for example, both have
a long history of employing enzyme-based
cleaners to remove organic residues from
their process equipment. In addition, the
development of effective biosensors,
powerful tools which rely on biochemical
reactions to detect specific substances, has
brought benefits to a wide range of sectors,
including the manufacturing, engineering,
chemical, water, food and beverage
industries. With their ability to detect even
small amounts of their particular target
chemicals, quickly, easily and accurately,
they have been enthusiastically adopted for
a variety of process monitoring
applications, particularly in respect of

pollution assessment and control.

Contaminated land is a growing concern
for the construction industry, as it seeks to
balance the need for more houses and
offices = with  wider social and
environmental goals. The reuse of former
industrial sites, many of which occupy
prime locations, may typically have
associated planning conditions attached
which demand that the land be cleaned up

as part of the development process.

Hcnonp3oBanne OWOMOTHYECKUX YHCTAIINX CPEICTB

SBISIETCA  €Ill€ OJHOH OOJacThI0 IOTEHIMAIBHBIX

MPENMYIIEeCTB, OCOOCHHO TaM, TI/e HEeoO0XOAUMO

yoaauTb Macila W KHPbBI €  TEXHOJOTUYECKOI'O

o0opynoBaHus, pabodnX TOBEPXHOCTEH WA CTOKOB.

ITomumo OOBIYHOTO CHIDKEHUS 3aTpar Ha
SJEKTPOSHEPIU0, 3TO TAaKXKE MOXKET YCTPaHUTH
HEOOXOMUMOCTh B TOKCHYHBIX WM  OMACHBIX
XUMUYECKUX BEILECTBAX. Hampumep,

(hapmarieBTHYECKasl U TUBOBapEHHAS MPOMBIIIIICHHOCTD
YK€ JIaBHO HCIOJIB3YKOT OYUCTUTENIM Ha OCHOBE
(epMEHTOB Il yJIAJICHUS OpPraHMYECKUX OCTaTKOB C
TEXHOJIOTHYECKOTO  000pyIOBaHUSI.

Kpome Toro,

pa3zpaboTka IPQPEKTUBHBIX OHOCEHCOPOB, MOIIHBIX

WHCTPYMEHTOB, KOTOpBIE HoJararoTcs Ha

OMOXMMHUYECKUE peaxiuu TUTS oOHapyKEeHUs
KOHKPETHBIX BEIECTB, TPHHECTA IOJb3Y MINPOKOMY
KpyTy BKJTFOYAs

MAalIuHOCTPOCHUE,

CEKTOpOB, HPOU3BOJICTBO,

XUMHUYCCKYIO  IPOMBIIIJICHHOCTD,

BO,I[OCHa6)KeHI/I€, IMAIICBYIO IPOMBIIIJICHHOCTDH u

MPOM3BOJACTBO HANMUTKOB. biaromapss mx crmocoOHOCTH

OBICTPO, JIETKO H TOYHO OOHApPYKHWBaTh Jaxke

HeOoIbIIIe KOJIM4CCTBa KOHKPETHBIX OCICBBIX

XUMHUKATOB, OHHU ObLIH C OHTY3UWAa3MOM IIPUHATHI IJIA

MHOXECTBA TPWIOKCHUM MOHUTOPUHTA TIPOIECCOB,

OCOOCHHO B OTHOIICHMM OICHKM W  KOHTPOJIA
3arpsI3HCHMUSL.
3arps3HeHHas 3eMJIs BbI3BIBAET pacTyuryto

03a004EHHOCTh CTPOUTENILHOM OTpaciy, HOCKOIbKY OHA
CTpEMHTCSl cOaJlaHCHPOBaTh MOTPEOHOCTH B OOJbILEM
KOJIMYECTBE JOMOB M O(uUCOB ¢ Oonee HIMPOKUMU
COIIMaJIbHBIMU U 3KOJIOTHYCCKUMU LCIAMU. HOBTOpHOC
UCIIONIb30BaHNE OBIBIIMX IMPOMBIIUICHHBIX IUIOIIAIOK,
MHOTHE M3 KOTOPBIX 3aHMMAIOT JIy4IIIHe MeCTa, OOBITHO
MOXET HWMEThb  CBSI3aHHBIE C  JTUM  YCIIOBHUS
TUIAHUPOBAHUSA, KOTOPBIE TPEOYIOT, YTOOBI 3eMisi OblIa

OYHMIIIEHA KaK YacTh MPOIIeCcca 3aCTPOUKH.

Page 10 of 44



With urban regeneration and the

reclamation of  ‘brown-field’  sites
increasingly favoured in many countries
over the use of virgin land, remediation
has come to play a significant role and the
interest in

industry has an ongoing

identifying cost-effective methods of
achieving it. Historically, much of this has
involved simply digging up the
contaminated soil and removing it to
landfill elsewhere. Bioremediation
technologies provide a competitive and
sustainable alternative and in many cases,
the lower disturbance allows the overall

scheme to make faster progress.

As the previous brief examples show, the
range of those which may benefit from the
application of biotechnology is lengthy
and includes the chemical,pharmaceutical,
water, waste management and leisure
industries, as well as manufacturing, the
military, energy generation, agriculture
and horticulture. Clearly, then, this may
have relevance to the viability of these
ventures and, as was mentioned at the
outset, biotechnology is an essentially
commercial activity.

Environmental biotechnology must
compete in a world governed by the best
practicable environmental option (BPEO)
and the best available techniques not
entailing excessive cost (BATNEEC).
Consequently, the economic aspect will
always have a large influence on the

uptake of all initiatives in environmental

B cBi3m ¢ TeM, YTO BOCCTAaHOBJICHHE TOPOAOB U
PEKYJIBTHBAIMSA yYaCTKOB «KOPWUYHEBBIX TMOJIEH» BO
MHOTHX CTpaHax Bce OOJbIIe OTAACTCS MPENNOYTCHUIO
M0 CPaBHEHHIO C HCIOJb30BAHUEM IEIMHHBIX 3EMeb,
PEKyJIBTHBAIMS CTaJla UTPaTh 3HAYUTEIBHYIO pOJb, H
MPOMBIIIJICHHOCTh TIOCTOSIHHO IIPOSABIISICT HMHTEPEC K
MOWCKY JKOHOMHYECKH OJ(PQPEKTUBHBIX METO/JOB ee
JOCTUKCHUSI.

HCTOpI/I‘-IGCKI/I CJIOKHJIOCH TakK, 4YTO

0ojbllass YacTh JTOrO 3aK/IOYajach B IMPOCTOM
BbIKaIIbIBAHU U 3arpﬂ3HeHHOI>'I IIOYBBI U €€ BBIBO3€ Ha
CBAJIKy B ApyroM mecte. TeXHOIOTHH OnopeMeraIiiu
MPEICTARISIOT  COOOH  KOHKYPEHTOCIIOCOOHYIO  H
YCTOWYUBYIO QJIbTEPHAaTUBY, U BO MHOTHUX ClIy4asx
MEHbIIIee OECIIOKONCTBO IIO3BOJIIET OOIMEeH cxeme

NoOUThCsI OoJiee OBICTPOTO Iporpecca.

Kak moka3pIBalOT MpeAbIIyIIne KpaTKue MpPUMEpEL,
CIIEKTp TeX TMpPEINPHATHH, KOTOPHIM MOXET OBITH
MOJIE3HO TPUMEHEHHE OWOTEeXHOJOTHH, OOIMpeH u
BKIIFOUaeT B ce0s XMMHUYECKYIO, (papMareBTHUECKYIO,
BOJHYIO TIPOMBIIUICHHOCTD, YIIPABICHHE OTXOJAMH M

TOCYT, a  TaKke

MIPOU3BOICTBO, BOEHHYIO
MIPOMBINIUIEHHOCTh, MPOW3BOJICTBO JHEPTUH, CEIBCKOE
XO3SMCTBO U CaZ0BOACTBO. . TakuM 00pa3oM, OUEBH/THO,
4TO 3TO MOXKET UMETh OTHOIIICHUE K
KHU3HECTIOCOOHOCTH A3THUX TPEINPUSITHHA, W, KaK ObUIO
OMOTEXHOJIOTUSL  SBJISACTCS B

YIOMSIHYTO BHadaje,

OCHOBHOM KOMMEPUYECKOH JIeSITETbHOCTHIO.
JKonoruveckas OMOTEXHOJIOTHUS JOJKHA
KOHKYpPUPOBaTh B MUpPE, YIPaBIIEMOM HAWIYyYIIUM
MPAKTUYCCKU OCYIICCTBUMbBIM 3KOJIOTHYCCKUM
BapumantoM (BPEO) w HaunmydmwmMu JOCTYNHBIMH
TEXHOJIOTHSIMU, HE BJICKYIIUMH 3a COOOH Ype3MEepHBIX
3arpar (BATNEEC). CrnengoBaTenbHO, SKOHOMHYECKUI
acmeKT Bceraa OyIeT WMeTh OOINbIIIOe BIHSHUE Ha
TIPUHATHE obractu

BC€X HWHHIMUATHB B OXpaHbI

OKpY’KaroLel cpebl
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biotechnology and, most particularly, in
the selection of methods to be used in any
given situation. It is impossible to divorce
this context from the decision making
process. By the same token, the sector
itself has its own implications for the
wider economy.

The Market for Environmental
Biotechnology

The UK’s Department of Trade and
Industry estimated that 15-20% of the
global environmental market in 2001 was
biotech-based, which amounted to about
250-300 billion US dollars and the
industry is projected to grow by as much
as ten-fold over the following five years.
This expected growth is due to greater
acceptance of biotechnology for clean
manufacturing applications and energy
production, together with increased landfill
charges and legislative changes in waste
management which also alter the UK
financial base favourably with respect to
bioremediation. Biotechnology-based
methods are seen as essential to help meet
European Union (EU) targets for bio waste
diversion from landfill and reductions in
pollutants. Across the world the existing
regulations on environmental pollution are
predicted to be more rigorously enforced,

with more stringent compliance standards

implemented.

OMOTEXHOJIOTHHM U OCOOCHHO, B BBHIOOPE METOIOB,
KOTOpble OyayT BbIOpaHbl B JH000M KOHKPETHOM
CUTyaIlluu. DTOT KOHTEKCT HEBO3MOXHO OTACIHUTH
OT Ipolecca MPUHATUA pelieHuid. TOYHO Tak ke
caM CEKTOp HMEeT CBOM TIOCIEACTBUA JUIS

3KOHOMHMKH B IICJIOM.

PBIHOK 3K0JI0TrHYeCKOH OHOTEXHOJIOTHHI

Ilo OLICHKaM MI/IHI/ICTepCTBa TOPTOBJIN n

npoMblieHHOCTH  Benmukobputanuu, 15-20%
MHPOBOI'0 pbIHKA OKpYyxatouieil cpeast B 2001 roxy
COCTABIISIT OMOTEXHOJIOTHH, YTO COCTABHIIO OKOJIO
250-300 mwumapnoB gosutapo CIIA, wu, mo
IIPOrHO3aM, OTpPAacib BeIpacTeT 0ojee ueM B JIeCITh
pas. CleayIomue MmATh JeT. DTOT 0XKHUIAEMBIH POCT
o0ycioBieH Oojiee MHUPOKUM PaCIPOCTPaHECHHEM
OMOTEXHOJIOTMH AN 3KOJOIMYECKH  YHUCTBIX
IIPOU3BOJICTB M IPOU3BOJACTBA HHEPIUHU, & TaKKe
YBEIIMYCHUEM IIIAThl 32 3aXOpPOHEHHE OTXOJOB U
3aKOHOJATEIbHBIMI H3MEHEHUSMHU B YIPABICHUU
OTXOJaMH, KOTOPbIE TAaK)Ke OJAronpUsATHO BIMSIOT
Ha (¢uHaHCOBYl0O 0Oazy BenukoOputanuu B
MeTtonpl,

OTHOILIEHUU Oonopemenuanum.

OCHOBAHHBIC Ha 6I/IOT€XHO.HOFI/II/I, CUHUTAKOTCA

BaXXHBIMHM JJIsl JTOCTHKEHUA Liesnel EBporenckoro
Coro3a (EC) B oTHOIIEHUN YTEUKH OHMOIOTHMYECKUX
OTXOJIOB CO CBAJIOK M COKpAIICHUS 3arpsA3HSIIOIMINX
Oxupgaercs, 4YTO BO

BCIICCTB. BCEM  MHUPC

CYyHICCTBYIOIUC IIpaBujia 110 3arpsA3HCHUTIO

OKpyXarome cpenbl Oynyr ©Ooinee  cTporo

CO6J'II-OI[aTBC$I, npu JSTOM 6y,Z[yT IIPUMCHATHCA

OoJiee CTPOTHE CTaHIAPTHI COOTBETCTBUS.
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All of this is expected to stimulate the

sales of biotechnology based

environmental processing methods
significantly and, in particular, the global
market share is projected to grow faster
than the general biotech sector trend, in
part due to the anticipated large-scale EU
aid for environmental clean-up in the new

accession countries of Eastern Europe.

Other sources paint a broadly similar
picture. The Biolndustry Association (BIA)
Markets for UK

survey, Industrial

Biotechnology — Trends and Issues,
published in 1999 does not quote any
monetary sector values per year, but gives
the size of the UK sector as employing 40
000 people in 1998 with an average yearly
1995-98  of  20%.

growth  over

Environmental biotech is reported as
representing around 10% of this sector. An
Arthur Anderson report of 1997 gives the
turnover of the UK biotech sector as 702
million pounds sterling in 1995/96, with a
50% growth over three years. A 1998
Ernst and Young report on the European
Life Sciences Sector says that the market
for biotechnology products has the
potential to reach 100 billion pounds
sterling worldwide by 2005.
The Organisation for  Economic
Cooperation and Development (OECD)
estimates that the global market for

environmental biotechnology products and

services alone will rise to some US$75

O’kumaercsi, 4T0 BCE 3TO 3HAYUTEIBHO CTUMYIHPYET
NPOJaKH OCHOBAaHHBIX Ha OMOTEXHOJOTHSX METOIOB
00pabOTKH OKpy’Karomlled cpeapl, W, B YaCTHOCTH,
MPOTHO3UPYETCs, YTO JOJSI MHUPOBOTO pPBIHKAa OyaeT
pacTtu o0ras

owICcTpee, gem TEHICHIIHS

OMOTEXHOJIOTHIECKOTO CCKTOpa, 0oT4YacTu n3-3a

oXugaeMol KpymHomacmTabHoi momomm EC s
OKOJIOTUYCCKasA OYUCTKA B HOBBIX IMPUCOCAHMHAIOIINXCA

crpa"ax BocrouHoit EBponsl.

JIpyrue MCTOYHMKHU PUCYIOT B LIEJIOM aHAJIOTUYHYIO

KapTUHY. B 0030pe Acconanuu
ouonpomsinieHHOCTH “(BIA) Industrial Markets
for UK Biotechnology - Trends and Issues”,
omybOnukoBaHHOM B 1999 r1., He mnpuBOASATCA
JaHHBIE IO JIEHE)KHO-KPEIUTHOMY CEKTOpY 3a o[,
HO YKa3bIBaeTCs pa3Mep cexropa BenukoOputanuu,
B KotopoM B 1998 r. paborano 40 000 yenoBek co
cpennerogoBoi poct 3a 1995-98 rr. ma 20%.
OKonornyeckue  OMOTEXHOJOTMH  COCTABJISIOT
okoino 10% »storo cekropa. B oruere Aprypa
AHnnepcona ot 1997 roga roBOpUTCS, 4TO 00OpPOT
OMOTEXHOJIOTHYECKOT0 CeKTopa BenmkoOpuraHuu
B 1995/96 rony cocraBun 702 MummuoHa (QyHTOB
cTepauHroB, ¢ 50% -HbIM pocToM 3a Tpu roja. B
otuete DpHCT 3HA SHr o EBpomeiickom cekrope
HayK o u3HU 3a 1998 rox rosopurcs, uro k 2005

roay pbIHOK OHMOTEXHOJIOTHYECKUX IMPOAYKTOB

MoxkeT goctuyb 100 mummmapaoB  QyHTOB
CTEPJIMHTOB BO BCEM MHUpE.
Ilo OLICHKaM Opranuzanuu 3KOHOMHUYECKOI'O

cotpynauuecta U pasButus (OOCP), Tonbk0 MUPOBOI

PBIHOK  NPOAYKTOB M YCIYI, CBS3aHHBIX C

9KOJIOTMYECKOW  OMOTEXHOJIOTHEH,  BBIpAacCTET  JI0

npuMepHo 75 muwuinapaos gomnapos CIIA k 2000
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billion by the year 2000, accounting for
some 15 to 25% of the overall
environmental technology market, which
has a growth rate estimated at 5.5% per
annum.
The UK  potential  market  for
environmental biotechnology products and
services is estimated at between 1.65 and
2.75 billion US dollars and the growth of
the sector stands at 25% per annum,
according to the BioCommerce Data
European Biotechnology Handbook. An
unsourced quote found on a Korean
University website says that the world
market size of biotechnology products and
services ~ was  estimated to  be
approximately 390 billion US dollars in
the year 2000.

The benefits are not, however, confined to
the balance sheet. The Organisation for
Economic Cooperation and Development
(OECD 2001) concluded that the industrial
use of biotechnology commonly leads to
increasingly environmentally harmonious
processes and additionally results in
lowered operating and/or capital costs. For
years, industry has appeared locked into a
seemingly unbreakable cycle of growth
achieved at the cost of environmental
damage. The OECD investigation provides
what is probably the first hard evidence to

support the reality of biotechnology’s

long-heralded promise of alternative
production methods, which are
ecologically sound and economically
efficient.

rogy, 4tro cocraBimsieT or 15 go 25% Bcero pbIHKa
9KOJIOTHYECKUX TEXHOJIOTHH, Ha KOTOPBIM MPUXOAUTCS

TEMII POCTa OLeHUBAeTCs B 5,5% rof0BBIX.

[lorenunanbHplii poIHOK "BenukoOputranun" s

9KOJIOTHYECKOMN OHMOTEXHOJIOTHHI CTOMMOCTD
MIPOJYKTOB U YCIYT oueHuBaercs B 1,65-2,75 mupn
nosmapoB CIIIA, a poct cexTopa coctaisietT 25% B
roj, coriacHo EBpomelckoMy CHpaBOYHUKY 10
ouorexnosorusiM BioCommerce Data. [{urara 6e3
HMCTOYHHUKOB, HalIecHHas Ha BeO-caiite Kopeiickoro
YHUBEpPCUTETA, TJACUT, YTO pPa3Mep MHPOBOIO
pBIHKa OMOTEXHOJIOTHYECKUX MPOIYKTOB U YCIyT
OLIEHUBAJICS

npumepao B 390 mumapaoB

nosapos CIIA B 2000 roxy.

OpHako BBITOJBI HE OTPAHUYMBAIOTCS OAJIAHCOM.
Opranu3zanus 3KOHOMHUYECKOTO COTPYJHUYECTBA U
pazeutusa (OECD 2001) mpummia K BBIBOJY, YTO
MPOMBIIUICHHOE HCIOJIb30BaHUE OUOTEXHOJIOTUU
OOBIYHO TPUBOJIUT K BCE 0OoJiee TapMOHUYHBIM C
IKOJIOTHYECKON TOYKH 3PCHHS MPOIECCaM H, KpoMe
TOTO, K CHW)KCHUIO ONCPAIlMOHHBIX W / WIU
KallMTAJIbHBIX 3aTpar. B TedyeHWe MHOTHX JIET
MIPOMBIIIIICHHOCTh

HaxoJuiaaCb B 3aMKHYTOM,

Ka3ajoch Obl, HEpPa3pbIBHOM IHKJIE POCTa,
JOCTUTHYTOTO 32 CUeT yuiepda oKpyxarouieil cpeze.
UccnenoBanue ODCP mnpenocTaBiiseT, BEPOSITHO,
nepBoe yOeAUTENbHOE CBUIETEIBCTBO B IOJB3Y
peaTbHOCTH JAaBHO IMPOBO3IJIAIIEHHOTO OO€IaHus
OHMOTEXHOJIOTHH ANbTEPHATUBHBIX METOIOB
MPOM3BOJICTBA, KOTOPBIE SIBISIOTCS DKOJIOTHYCCKU

0€30MacHBIMH U 9KOHOMHUYECKH (P (HEKTUBHBIMHU.
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A variety of industrial sectors including
pharmaceuticals, chemicals, textiles, food
and energy were examined, with a
particular emphasis on biomass renewable
resources, enzymes and bio-
catalysis.While such approaches may have
to be used in tandem with other processes
for maximum effectiveness, it seems that
their use invariably leads to reduction in
operating or capital costs, or both.
Moreover, the research also concludes that
it is clearly in the interests of governments
of the developed and developing worlds
alike to promote the use of biotechnology
for the substantial reductions in resource
and energy consumption, emissions,
pollution and waste production it offers.
The potential contribution to be made by
the appropriate use of biotechnology to
environmental and economic sustainability
would seem to be clear.

The upshot of this is that few biotech
companies in the environmental sector
perceive problems for their own business
development models, principally as a
result of the wide range of businesses for
which their services are applicable, the
relatively low market penetration to date
and the large potential for growth.
Competition within the sector is not seen
as a major issue either, since the field is
still largely open and unsaturated.
Moreover, there has been a discernible
tendency in recent years towards niche

specificity, with companies operating in

boutn u3y4eHsl pa3iuyHbIE NPOMBILIUICHHBIE CEKTOPHI,

BKJTFOYAst (apMareBTHIECKYIO, XHMHYECKYIO,
TEKCTUIILHYIO, TIHIIEBYIO M SHEPreTHYECKYI0, C OCOOBIM
yHOpoM Ha BO300HOBIIIEMBIE PECYpPCHl OHOMACCHI,
¢dbepmeHTHl W OWOKaTanmn3. XOTA TaKWe TIOIXOJBI,
BO3MOKHO, TIPUJIETCSI HCIIOJNB30BaTh B TaHIEME C

IPYTHUMU MaKCHUMAaJILHOU

nporeccamu JUTS
3G ()EKTUBHOCTH. KAXETCSA, UYTO HUX HCIOJb30BaHHUEC
HEU3MEHHO MPUBOJUT K CHUKCHHIO ONCPAIIMOHHBIX MU
KaluTalbHBIX 3aTpaT, WIK K TOMy W apyromy. bosee
TOTO, MCCJICIOBAHUE TAKXKE IMPHIUIO K BBIBOAY, YTO B
WHTEpecax IPaBUTENBCTB KaK pPa3BUTHIX, TaK W
Pa3BHUBAIOIIUXCS CTPaH MPOJBUTATh MCIIOJIB30BAHUC
OMOTEXHOJIOTUA  JUIA

3HAYUTCIIBHOTO  COKpallC€HUA

NoTpeOJIeHUsI PecypcoB M DHEPTrUH, BHIOPOCOB,
3arpsi3HEHHST W MPOU3BOJACTBA OTXOJOB, KOTOPBIE OHA
npenaraeT. lloTeHIManpHBIA BKIAN, KOTOPBIA OymeT
BHECEHO HaAJIeKaluM UCIIOJIb30BaHUEM
OMOTEXHOJIOTHH B 3KOJOTMYECKYI0 M 3KOHOMHUYECKYIO

yCTOﬁ‘IHBOCTB, KaXXCTCsA OYCBHUIHBIM.

Pe3y.]'II)TaTOM 9TOIro MABJIACTCA TO, YTO HEMHOI'HMC
OMOTEXHOJIOTHYECKHE KOMIIAHUHA B DKOJIOTHYECKOM
CEKTOpE BHJIAT MPOOJIEMBI JIJISI CBOMX COOCTBEHHBIX
MOJIeTIe pa3BUTHS OW3HECa, B OCHOBHOM H3-3a
LIMPOKOr0 Kpyra HpeaNnpusTHd, Mg KOTOPBIX
NPUMEHUMBI HMX YCIIYTH, OTHOCHUTEIBHO HH3KOTO
MIPOHUKHOBEHHUS HAa PBHIHOK HA CETOMHSIIHUN JCHb
it 00JIBIIIOrO

IIOTCHIIUAJIA. JJIsL pocTa.

Konkypenuus TaKXke He

BHYTPH

paccMaTpuBaeTcs  Kak

CeKTopa
cepbe3Has  mpoliema,
MIOCKOJIbKY MECTOPOXJICHHE BCE €Ille OCTAeTCs B
3HAYUTEIbHOM CTENCHU OTKPBITHIM u
HCHACBIIIICHHBIM. Bonee TOro, B IIOCICAHHUC I'OJbl
HaMCTUJIACh 3aMCTHAasA TCHACHLMWA K OIPCACIICHUIO

HHUIIIH, KOrJa KOMIIaHHMH pa60Ta10T B
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more specialised subarenas within the
environmental biotechnology umbrella.
Given the number and diversity of such
possible slots, coupled with the fact that
new opportunities, and the technologies to
capitalise on them, are developing apace,
this trend seems likely to continue. It is not
without some irony that companies basing
their commercial activities on biological
organisms should themselves come to

behave in such a Darwinian fashion.

However, the picture is not entirely rosy.

Typically the sector comprises a number of
relatively small, specialist companies and
the market is, as a consequence, inevitably
fragmented. Often the complexities of
individual projects make the application of
‘standard’ off-theshelf approaches very
difficult, the upshot being that much of
what is done must be significantly
customised. While this, of course, is a
strength and of great  potential
environmental benefit, it also has hard
commercial implications which must be
taken into account.A sizeable proportion of
companies active in this sphere, have no
services

products  or which  might

reasonably be termed suitable for
generalised use, though they may have
enough expertise, experience or
sufficiently perfected techniques to deal

with a large number of possible scenarios.

Ooinee CIICHUAIIM3UPOBAHHBIC IIOAPA3ACIICHUS B

paMKax 9KOJIOTUYECKOU OMOTEXHOIOTUH.
Y4auTeIBass KOJIMYECTBO W Pa3HOOOpa3ue TaKHUX
BO3MOJKHBIX CJIOTOB, @ TaKXKe€ TOT (paKkT, 4YTO HOBbIE
BO3MOXKHOCTH U

TEXHOJIOT'HH, ITO3BOJIAOIINC

UCIIOJIB30BaTh HX, 6I)ICTpO Pa3sBUBAIOTCA, OJTa

TEHJICHLIUS, BEpOsITHO, coxpanurcs. He 06e3

HGKOTOpOﬁ HpOHHMM B TOM, UYTO KOMIIAHHH,

OCHOBBIBArOIIue CBOIO KOMMCPUCCKYHO
JACATCIIBHOCTh Ha OHOJIOTHYECKUX opraHnmsmax,
caMH JOJI’)KHbI BCCTH cebs1 TakuM JapBUHOBCKHUM

CIocoOoM. O,Z[HaKO KapThuHa HE COBCEM paay KHasl.

Kaxk npaBuito, CEKTOp BKIJIFOYAET psAJl OTHOCUTEIBHO
HEOOJIBIINX CIEIUATN3UPOBAHHBIX KOMITAaHUH, W,
KaK CJIEJICTBHE, PBIHOK HEU30eXKHO
¢parmeHTUpoBaH. YacTo CI0XXHOCTb OTAEIbHBIX
IIPOCKTOB ~ OYEHb  3aTPyAHSAET  IPUMEHEHUE
«CTAHJAPTHBIX» TOTOBBIX IOJAXOJO0B, B PE3YJIbTATE
4ero MHOTO€ U3 TOTO, 4TO JAeJaeTcs, HeoOXO0AUMO
3HAUUTENIBHO HACTpaWBaTh. XOTSA 3TO, KOHEYHO,
SABJSIETCS.  CHJIBHOM  CTOPOHOM W OTPOMHOHU
IIOTEHIMAJIbHOMN BBITOJ0M I OKPY’KAOLIEH CPEibl,
3TO TaKXKE HUMEET CEepbe3Hble KOMMEPYECKUE
MOCTIE/ICTBUSI, KOTOpblEé HEOOXOIMMO YUYUTHIBATh.
3HauynTeNbHAS YaCTh KOMIIAaHUH, pPa0OTAIOMMX B
9TON cdepe, HE HMEET MNPOLYKTOB MU YCIYT,
KOTOPbIE MOXHO ObUIO ObI C IOJIHBIM OCHOBAaHUEM
CUUTATh

MMOAXOIAIIUMHU. TS 0011ero

HCIIOJIb30OBAaHUA, XOTA Yy HHX MOXKCET OBITE

JOCTAaTO4YHO 3H21HI/II>1, OIlbITa HWJIHM OOCTAaTOYHO
COBCPUICHHBIX MCTOAO0B IJIA pa6OTI)I ¢ OOoNbIINM

KOJIMYCCTBOM BO3MOKHBIX CHCHAPHCB.
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The fact remains that one of the major
barriers to the wider uptake of biological
approaches is the high perceived cost of
these applications. Part of the reason for
this lies in historical experience. For many
years, the solutions to all environmental
problems were seen as expensive and for
many, particularly those unfamiliar with
the multiplicity of wvaried technologies
available, this has remained the prevalent
view. Generally, there is often a lack of
financial resource allocation available for
this kind of work and biotech providers
have sometimes come under pressure to
reduce the prices for their services as a
result. Greater awareness of the benefits of
biotechnology, both as a means to boost
existing markets and for the opening up of
new ones, is an important area to be
addressed. Many providers, particularly in
the UK, have cited a lack of marketing
expertise as one of the principal barriers to
their exploitation of novel opportunities.

In addition, a lack of technical

understanding of biotech approaches
amongst target industries and, in some
cases, downright scepticism regarding
their efficacy, can also prove problematic.
Good education, in the widest sense, of
customers and potential users of biological
solutions will be one major factor in any
future upswing in the acceptance and

utilisation of these technologies.

dakT ocraercs (1)aKTOMZ OAHHM H3 OCHOBHBIX
HpeHHTCTBI/Iﬁ Ha IIyTHU Oonee IIUPOKOI'0 BHCAPCHUS
OHOJIOTHYECKUX IoaAXO0J0B  ABJIICTCA  BBICOKAs
npeamnojaraeMasd CTOUMOCTb 3OTHX HpI/IJIO)KeHI/If/'I.
Otuactu IIpUuYKrHa 3TOro Kpo€TCa B UCTOPHUIYCCKOM
onbiTe. B TeueHue MHOrux JeT PCUICHUA BCCX
9KOJIOTHYCCKHX HpO6JI€M CUHUTAIINCH
AOPOroCTodAmMMU, U OJid MHOI'UX, 0COOEHHO TEX,
KTO HC

3HAKOM C MHOXCCTBOM Pa3JIMYHBIX

JNOCTYMHBIX TEXHOJOTHH, 3Ta TOYKa 3pPEHUS
ocTraBaiach mnpeodnangaromend. Kak mpasuio, s
TaKOTO poAa padoT YacTo HE XBaTaeT (DMHAHCOBBIX
pecypcoB, © B

pe3yabTaTre IIOCTAaBIIMKHU

OMOTEXHOJIOTMH  WHOT/IAa  OKAa3bIBAIOTCA  MOJ
JaBJICHHUEM, LITO6I)I CHHM3UTH LCHBI HA CBOU YCIIYTH.
IloBbnuenue OCBCAOMIICHHOCTHU O IPCUMYIICCTBAX
OMOTEXHOJIOTMM  KaK  CpEICTBAa  PACIIUPCHUS
CYUICCTBYIOIIUX PBIHKOB W OTKPBITHS HOBBIX
SIBIISICTCS BAYKHOM 00JIaCThIO, TPEOYIOMIEH penieHusl.
0COOEHHO B

MHorue IIPOBANEPHI,

BGJ'II/IKO6pI/ITaHI/II/I, Ha3BaJIkn OTCYTCTBHC
MAapKCTUHI'OBBIX 3HaHHUH OAHHM H3 OCHOBHBIX

HpGH?[TCTBI/Iﬁ Ha IIYTH HMCIIOJIB30BAHHA HOBBIX

BO3MOKHOCTEH.
Kpome TOTO, OTCYTCTBHE TEXHAYECKOTO
OHUMAaHUS IOAXONOB K OWOTEXHOJOIMH B

OEJICBBIX oTpaciiiX  IPOMBINIJICHHOCTU  H, B
HCKOTOPLIX Cliy4dasx, OTKpOBeHHBIfI CKCIITUIIM3M

OTHOCHUTCIIBHO HX 3(1)(1)€KTI/IBHOCTI/I TAKIKE MOTI'YyT

OKa3aTbCs Ipo0OJeMaTUYHBIMH. Xopotee
o0Opa3oBaHMe, B CaMOM ULIMPOKOM CMBICIE,
KIIMEHTOB W  NOTEHIMAIBbHBIX  I10Jb30BaTENCH
OMOJIOTUYECKUX peleHuid OyAeT OJHHM U3

OCHOBHBIX (PakTOpOB JO0Or0 OyAylIero pocrta

MNPUHATHA 1 UCITIOJIB30BAHUSA 3TUX TEXHOJIOTHH.
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Modalities and local influences
Another of the key factors affecting the
environmental

practical  uptake  of

biotechnology is the effect of local
circumstances. Contextual sensitivity 1is
almost certainly the single most important
factor in technology selection and
represents a major influence on the likely
penetration of biotech processes into the

marketplace. Neither the nature of the
biological system, nor of the application
method itself, play anything like so
relevant a role. This may seem somewhat
unexpected at first sight, but the reasons

for it are obvious on further inspection.

While the character of both the specific
organisms and the engineering remain
essentially the same irrespective of
location, external modalities of economics,
legislation and custom vary on exactly this
basis. Accordingly, what may make
abundant sense as a biotech intervention in
one region or country, may be totally
unsuited to use in another. In as much as it
is impossible to discount the wider global
economic aspects in the discussion,
disassociating political, fiscal and social
conditions equally cannot be done, as the
following example illustrates. In 1994, the
expense of bioremediating contaminated

soil in the United Kingdom greatly

exceeded the cost of removing it to landfill.

Six years later, with successive changes of

legislation and the imposition of a landfill,

Yci10BUSI M MECTHOE BJIMSIHHE

Eme oaun xmroueBoil ¢akrop, BiusOLIMA Ha
IIPAaKTHUYECKOE OCBOEHHUE HKOJIOTHYECKON
OMOTEXHOJIOTHH, - 3TO BIUSHUE MECTHBIX YCIOBHI.
KoHTekcTHas 4yBCTBUTEIBHOCTD ITOYTH HABEPHSIKA
SBJISICTCS CaMbIM BaXKHBIM (DAKTOPOM IpH BbIOOpeE
TEXHOJIOTUM W OKa3bIBAaeT OOJBIIOE BIMSHUE HA
BEPOATHOE IPOHUKHOBEHHE OMOTEXHOJIOTMYECKUX
nporeccoB B peiHOK. Hu mpupoga Guonoruueckoi
CUCTEMBI, HU CaM METOJ| HAaHECEHUS HE WIPArOT
CTOJIb Ba)XKHOU posiv. Ha nepBelii B3I 3TO MOXKET
IIOKa3aThCs

HECKOJIBKO HCOXHNIAHHBIM, HO

INpUYUHBI 3TOro0 O4YCBUAHLI IIpU JanbHeHIeM

PaccCMOTPEHHUH.

B To BpeMs kak XxapakTep U KOHKPETHBIX OPTaHU3MOB, U

HWHKXCHEPpHA OCTAaloTCd 10 CYHIECTBY OAMHAKOBLIMHU

HE3aBUCUMO oT MECTOIIOJIOKEHHS, BHEIIIHNE
MOJAILHOCTA  DKOHOMHMKH,  3aKOHOJATENLCTBA U
00blYaeB MEHSIOTCS HKMEHHO Ha JOTOM OCHOBE.

COOTBETCTBEHHO, TO, YTO MOXET HMETL OOJBIION

CMBICT B Ka4yecTBE OMOTEXHOJIOTHYECKOTO
BMEILIATENILCTBA B OJHOM PErHOHE WJIM CTpPaHe, MOXKET
OBITh COBEPIIECHHO HENPUTOIHBIM ISl CIIOJIb30BaHUS B
apyroM. Ilockonpky mpu OOCYKICHHH HEBO3MOXKHO
cOpacelBaTh CO CHYETOB OoJjiee IIUPOKHE TI0OAIbHEIE
SKOHOMHMYECKHE AaCIIeKThl, HEBO3MOXXHO B paBHOI
CTEIICHH pPa3ACiUTh TMONUTHYECKHE, (UCKAIbHBIE |
COLMANIbHBIC YCJIOBUS, KaK IOKa3bIBaeT CIICAYIOIIUIT
mpumep. B 1994 romy pacxompl Ha OHONOTHYECKYIO
OUHCTKY 3arps3HeHHOM Tmo4Bbl B  CoeauHEHHOM
KoponeBcTBe 3HAUMTENHFHO MPEBBICKIIM 3aTpaThl Ha €€
BbIBO3 Ha cBanky. Illects ner cmycts, mocie
MOCJIEeIOBATENIFHBIX HM3MEHEHHH 3aKOHOJATENIbCTBA W

CO3JaHUS CBAJIKU,
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tax, the situation has almost completely
reversed. In those other countries where
landfill has always been an expensive
option, remediation has been embraced far

more readily.

While environmental biotechnology must,

inevitably, be viewed as contextually
dependent, as the previous example shows,
contexts can change. In the final analysis,
it is often fiscal instruments, rather than
the technologies, which provide the
driving force and sometimes seemingly
modifications  in

minor apparently

unrelated sectors can have major

ramifications for the application of

biotechnology.

Again as has been discussed, the legal
framework is another aspect of undeniable
importance in this respect. Increasingly
tough environmental law makes a
significant contribution to the sector and
changes in regulatory legislation are often
enormously influential in boosting existing
markets or creating new ones. When
legislation and economic pressure combine,
as, for example, they have begun to do in
the European Landfill Directive, the
impetus towards a fundamental paradigm
shift becomes overwhelming and the

implications for relevant biological

applications can be immense.

HaJOTl, CUTyallWsl TMPAKTHYECKH  IOJHOCTHIO
U3MeHunIach. B Tex cTpaHax, rie 3aXxOpoHEHHue
Mycopa Bcerja ObUIO TOPOTOCTOSIIIUM BapHuaHTOM,

peabmnTanys ObUIa MPUHATA TOPa3a0 OXOTHEE.

XoTsa 3KoJIorndeckas OHOTCXHOJIOTHS HEH30EIKHO

JOJDKHA ~ paccMaTpuBaThC  KAK  KOHTEKCTHO-
3aBUCUMas, KaK MOKa3bIBAET MPEABIIYIIHI IpUMep,
KOHTEKCThl MOTYT U3MEHUThCA. B KOHEUHOM utore
JBHOKYILEH CHJION 3a4aCTyIO0 SIBJISTIOTCS
(VMHAHCOBBIE MHCTPYMEHTHI, 2 HE TEXHOJIOTUHU, H
MHOI'/Ia KaXyLIMecs HE3HAUUTEIbHbIMU U3MEHEHUS
B SBHO HECBA3AHHBIX CEKTOpaXx MOTYT HUMETh
Cepbe3HbIE

Pa3BCTBJIICHUA JJIsA MMPUMCHCHUA

OUOTEXHOJIOTYH.

Onath ke, KaKk YK€ TOBOPHUJIOCH, MpaBoBas 0aza
SBIIICTCS €IIe OJHUM AaCIIeKTOM, HEOCIIOPHMO
BaXHBIM B 3TOM OTHOIlIEHUU. Bce Oornee xecTkoe
HKOJIOTHYECKOE 3aKOHO/IATEIHCTBO BHOCHT
3HAYUTENIbHBI BKJIAJ] B pa3BUTHE CEKTOpa, a
W3MCHCHHS B PETYJIUPYIONMEM 3aKOHOAATEIHCTBE
4acTO HMMEIOT OrPOMHOE BIUSHUE Ha pPa3BUTHE
CYUIECTBYIOIIUX PBHIHKOB WM CO3/IaHHE HOBBIX.
Korna

3aKOHOJAaTCIILCTBO )51 O9KOHOMHYECCKOC

AAaBJICHUC  COYCTANOTCA, KakK, HallpuMEp, OHU

Ha4daJlx ACJIaTb 3TO B EBpOHeﬁCKOﬁ AUPCKTUBE O

3aXOpPOHCHHAX O0TXO040B, HUMITYJIBC K
(bYHI[aMeHTaHBHOMy HU3MCHCHHUIO nmapaaurmbl
CTaAaHOBUTCA OIpOMHBIM, W TIOCICACTBHUA  TJIA

COOTBETCTBYIOIIUX OWOJIOTMYECKUX TMPUMEHEHUI

MOTYT OBITh OI'POMHLIMH.

Page 19 of 44



There is a natural tendency to delineate,
seeking to characterize technologies into
particular categories or divisions. However,
the essence of environmental
biotechnology is such that there are many
more similarities than differences. Though
it is, of course, often helpful to view
individual technology wuses as distinct,
particularly when considering treatment
options for a given environmental problem,
recurrent themes

there are inevitably

which feature throughout the whole topic.

Moreover, this is a truly applied science.
While the importance of the laboratory
bench cannot be denied, the controlled
world of research translates imperfectly
into the harsh realities of commercial
implementation. Thus,there can often be a
dichotomy between theory and application
and it is precisely this fertile ground which
is explored in the present work. In addition,
the principal underlying approach of
specifically environmental biotechnology,
as distinct from other kinds, is the reliance
on existing natural cycles, often directly

and in an entirely unmodified form.

Thus, this science stands on a foundation
of fundamental biology and biochemistry.
To wunderstand the application, the
biotechnologist must simply examine the
essential elements of life, living systems
and ecological circulation sequences.
However engineered the approach, this

fact remains true.

CymiectByeT  ecTeCTBEHHass  TEHICHIMS K
pa3JesieHnIo, CTPEMIICHUIO Pa3JeiUuTh TEXHOJIOTUU
Ha olpe/eNieHHbIe KaTeropuy WK MOoJpa3aeieHusl.
OpaHaKo CyIIHOCTh IKOJIOTMYECKON OMOTEXHOIOTMU
TakoBa, YTO CXOJCTB TOpa3io Oonblie, YeMm

pazimuuui.  XOTd, KOHEYHO, YacTo IIOJIE3HO
paccMaTpuBaTh OTIEIbHBIE BHJbI HCIIOJIB30BAHUS
TEXHOJIOTUH KaK OTHEeNbHbIE, OCOOEHHO TIpHU

PaCCMOTPCHUU BapUAHTOB JICUCHUA JTaHHOU

9KOJIOTHYECKON HpO6JI€MBI, HEN30EKHO
MMOBTOPAIOIIUECCA TEMbI, KOTOPLIC IPUCYTCTBYIOT BO

BCEU TeMe.

bonee TOro, 3To HeﬁCTBHTeHBHO I[IpUKIaAHAA HayKa.

Henb3s oTpunate BaXHOCTh  J1a0OpPaTOPHOTO
CTEHJIa, HO KOHTPOJHUPYEMBIA MHUP HCCIEAOBAHUMI
HECOBEPIIECHHO OTPaXXaeTcsi B CYpPOBBIX peANUAX
KOMMEpPUECKOro BHeApeHus. Takum o00pazowm,
YaCTO MOXKET CYLIECTBOBAaTh JUXOTOMHS MEXKIY
TEOpUEe W TOPUMEHEHUEM, U HMEHHO JTa
OnmarojaTHasi TOYBa MCCIEAYETCS B HACTOALICH
pabote. Kpome TOro, OCHOBHOW OCHOBHOHM MOJIXO/]
KOHKPETHO JKOJOTHYECKOH OMOTEXHOIOTHH, B
OTJIMYME OT JIPYTUX BHUAOB, 3aKJIKOYACTCS B OMNOPE
Ha CYUIECTBYIOLME NPHUPOAHBIE ILHUKJIbL, YaCTO

MPsIMO U B COBEPIICHHO HEM3MEHHOM (hopMme.

Takum oOpa3om, 3Ta HayKa CTOUT Ha (yHIaMEHTE
byHnaMeHTanbHON Ouonoruu U 6uoxumMuu. YToOsl

IIOHATH IIPUIIOKCHUC, OHMOTEXHOJIOT JOJI2KCH

npocTo0 H3YYUTh OCHOBHBLIC JJICMCHTLI JKU3HU,

KHUBBIX CHUCTEM n 3KOJIOTHYECKHUX OUKJIOB

HUPKYISAIUH. Kaxum OBl HU OBLI
CIPOCKTUPOBAHHBIM IMOAX0J, 3TOT (PaKT ocTaercs

BEPHBIM.
Page 20 of 44



In many  respects  environmental

biotechnology stands as the purest
example of the newly emergent bio
industry, since it is the least refined, at
least in terms of the basis of its action. In
essence, all of its applications simply
encourage the natural propensity of the
organisms involved, while seeking to
enhance or accelerate their action. Hence,
optimisation, rather than modification, is
the typical route by which the particular
desired end result, whatever it may be, is
achieved and, consequently, a number of

1ssues feature as common threads within

the discussions of individual technologies.

Integrated Approach

Integration is an important aspect for
environmental biotechnology. One theme
that will be developed throughout this
book is the potential for different
biological approaches to be combined
within treatment trains, thereby producing
an overall effect which would be
impossible for any single technology alone
to achieve.

However, the wider goal of integration is
not, of necessity, confined solely to the
specific methods used. It applies equally to
the underpinning knowledge that enables
them to function in the first place and an
understanding of this is central to the
rationale behind this book. In some

spheres, traditional biology has become

Bo  MHOrux  OTHOIIEHUSAX  3KOJIOTMYEcKas
OMOTEXHONOIUA  sIBJIETCS  Haubojiee  YHMCTHIM
IpUMEPOM  3apoKJarouieiicss  OMOMHIYCTpHH,

IIOCKOJIbKY OHAa HaMEHEE YCOBEPIICHCTBOBAaHA, 110
KpailHEl Mepe, C TOYKM 3pEHUsS OCHOBBI €€
neuctBus. [lo cytu, Bce ero mpuioKeHus MpoCTo
MOOIIPSIIOT €CTECTBEHHYIO IPEAPACIIOIOKEHHOCTD
3aJ1€ICTBOBAHHBIX OPTAHU3MOB, CTPEMSICh YCHIIUTh
WM yCKOpUTh uX JedctBue. (CnegoBaTesbHO,
ONTUMU3AIHMS, & HE MOAU(PHUKAIUS - 3TO TUITUIHBIN
MMyTh, C TIOMOIIBKD KOTOPOTO  JIOCTUTaeTCs
KOHKPETHBIA KEJAeMbId KOHEYHBIM pe3yJIbTarT,
KakuM Obl OH HU ObUI, W, CJIEIOBATENbHO, P
npoOyieM paccMaTpuBaeTcs Kak oOIIue TeMbl B

O6CY)KZ[€HI/IHX OTACIBHBIX TEXHOJIOTHH.

KoMmiekcHbINH OAXO0

WuTterpannsi - BaXHBIH aCIEKT HSKOJOTHYECKOM
ouorexHonornu. OgHa W3 TeMm, KOTOpas Oyxaer
Pa3BUBATLCA B TOH KHUT'C, 3TO BO3MOXHOCTbH

KOMOWHUPOBAHMS  PA3JIMYHBIX  OMOJIOTHYECKUX
MOJXOJ0B B IIEMOYKax 0OpabOTKH, TeM CaMbIM
co3maBast oOmmid 3((EKT, KOTOPHIi HEBO3MOMKHO
OJHOM  OTHAEJIBHOM

J0CTHUYb C IIOMOIIBIO

TCXHOJIOT'HH.

Opnako Oosiee MUpPOKas LEJdb HHTErpalud 10

HGO6XOI[I/IMOCTI/I HEC OrpaHNU4YrBacTCA TOJIBKO
KOHKPETHBIMU HCIIOJIb3YECMBIMU MCETOAAMU. 9710 B
paBHOﬁ CTCIICHU IIPUMCHHUMO K (bYHI[aMeHTaHBHLIM

3HAaHUAM, KOTOPELIC IIO3BOJIAIOT UM

(YHKIMOHHPOBATH B  IEPBYIO

IMOHUMAHHEC OTOIr0 ABJIKACTCA LOCHTPAJIbHBIM IJIA

ouepenb, U

o0ocHOBaHHUs 3TOW KHUTH. B HEKOTOphIX chepax

TpadulMOHHAA OouoJjorus craia
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rather unfashionable and the emphasis has
shifted to more exciting sounding aspects
of life science. While the new-found

concentration on ‘ecological processes’, or

whatever,  sounds  distinctly = more
‘environmental’, in many ways, and
somewhat paradoxically, it sometimes
serves the needs of environmental

biotechnology rather less well.

The fundamentals of living systems are the
stuff of this branch of science and,
complex though the whole picture may be,
at its simplest the environmental
biotechnologist is principally concerned
with a relatively small number of basic
cycles. In this respect, a good working
knowledge of biological processes like
respiration, fermentation and
photosynthesis, a grasp of the major cycles
by which carbon, nitrogen and water are
recycled and an appreciation of the flow of
energy through the biosphere must be

viewed as prerequisites.

Unsurprisingly, then, these basic processes

appear throughout this book, either

explicitly or tacitly accepted as
underpinning the context of the discussion.
The intent here has been neither to insult
the readership by parading what is already
well known, nor gloss over aspects which,
if left unexplained, at least in reasonable

detail, might only serve to confuse.

HEMOAHO n AKIICHT CMCCTHIICA Ha Ooiee

3aXBaTBIBAIOIIME ACIIEKTHl 3BYyYaHUs HAyKH O
KU3HU. B TO Bpems Kak BHOBb OOpeTeHHas
KOHIICHTpAlllsl Ha <«OKOJIOITMYECKUX IPOLECcax»
WIM 4YeM-TO elle BO MHOIOM 3BYy4YdT OoJjee
«OKOJIOTMYHO» U  HECKOJBKO  I1apaJO0KCalIbHO,
MHOTI'/Ia OHA ropas3io Xy»Ke OTBEYaeT INOTPEOHOCTIM

HKOJIOTMYECKON OMOTEXHOJIOTUH.

OCHOBBI JKHBBIX CHUCTEM SBIIIOTCS IPEIMETOM
3TOM o0O0NacTH HayKd, U, HECMOTps Ha BCIO
CJIO)KHOCTh BCEH KapTUHBI, B IPOCTEHIIEM cilydae
HKOJIOTUYECKUH  OMOTEXHOJIOI B OCHOBHOM
3aHMMAETCS. OTHOCUTEIBHO HEOOJIBIIUM YHCIIOM
OCHOBHBIX LUKJIOB. B 3TOM OTHOLIEHUM Xopoliee
IIPAKTUYECKOE 3HaHUE OMOJIOTMYECKHUX MPOLIECCOB,
TaKUX Kak JbIXxaHue, pepMeHTanus U (GOTOCUHTES,
[IOHUMAHUE OCHOBHBIX IMKJIOB PELUPKYISALUU
yriaepoja, asoTra M BOABI, a TaKXKe I[OHUMAaHUE
[IOTOKa JHEPruu

gyepes Ouocdepy  TOIKHBI

paccMaTpruBaATHCA KaK MMPEABAPUTCIIBHBIC YCIIOBHAL.

HeynuBurenbHo, 4TO 5T 0a30Bble MPOILIECCHI
MOSABJISIFOTCS. HAa MNPOTSHKEHUM BCEHM KHUTH, SBHO
WA HESBHO NMPUHHMAEMbIE KaK OCHOBA KOHTEKCTa
JIUCKyCCHH. 3/1eCh HE OBLIIO HAaMEPEeHUS OCKOPOUTH
YyuTaTeNe, BBICTABIIAS HANOKa3 TO, YTO YXkKe
XOpOIIO M3BECTHO, WJIM 3aMalldMBaTh aCIEKTHI,
KOTOPBIE, €CIIM UX HE OOBSICHUTH, IO KpalHel Mepe

B Pa3yMHBIX JIETAJISX, MOTYT TOJIBKO COUTH C TOJIKY.
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The intention is to introduce and explain
the necessary aspects and elements of
various metabolic pathways, reactions and
abilities as required to advance the reader’s
understanding of this particular branch of
biotechnology. A large part of the reasons
for approaching the subject in this way is
the fact that there really is no such thing as

a ‘typical’ environmental biotechnologist.

Practitioners come into the profession
from a wide variety of disciplines and by

many different routes. Thus, amongst their

ranks are agronomists, biochemists,
biologists,  botanists, = enzymologists,
geneticists, microbiologists, molecular

biologists, process engineers and protein
technologists, all of whom bring their own
particular skills, knowledge base and
experiences. The applied nature of
environmental biotechnology is obvious.
While the science underlying the processes
themselves may be as pure as any other,
what  distinguishes this branch of
biological technology are the distinctly
real-life purposes to which it is put.

Hence, part of the intended function of this
book is to attempt to elucidate the former
in order to establish the basis of the latter.
At the same time, as any applied scientist
will confirm, what happens in the field
under operational conditions represents a
between  the

distinct ~ compromise

theoretical and the practically achievable.

Hamepenue cocTout B TOM, YTOOBI IPEJCTaBUTh U
OOBSICHUTh HEOOXOJIUMBIE aCIEKTbl M 3JIEMEHThI
pa3IMYHbIX METAa0OJMYECKUX IyTeH, peakuuil u
CIOCOOHOCTEH, HEOOXOMUMBIX JUIS  YIy4YIICHUS
IIOHMMAHHUs YATATEJIEM 3TOM KOHKPETHOW OTPACIU
OuoTexHonoruu. bospmas yacTe NOpUYMH IS
TAaKoOro MoJAX0Ja K IPEAMETY 3aKIK0YaeTCs B TOM,
YTO Ha CaMOM JIeJI€ HE CYILECTBYET TAKOW BEIIH,

KaK «THIIMYHBIN» SKOJIOTHYECKHI OMOTEXHOJIOT.

[IpakTukn npUXOIAT B Tpodeccuo U3 cambIx
pPa3HBIX IUCHUIUIMH W Pa3HBIMU IMyTSIMH. Takum
o0pa3oMm, B UX psJiax €CTh arpOHOMbBI, OMOXMMHKH,
ouojoru, OOTaHMKH,

OH3UMOJIOTH, I'CHCTUKU,

MUKPOOHOJIOTH, MOJICKYJISIPHBIE ouoJory,
WH)KEHEPBI-TEXHOJIOTH ¥ TEXHOJIOTH IO Oenkam,
KKl U3 KOTOPBIX UMEET CBOU OCOOBIE HABBIKH,
0a3y 3HaHuii u onbiT. [lpuknanHoil XapakTep
IKOJIOTHYECKON OWOTEXHOJIOTUHA OYEBUJICH. XOTS
HayKa, JIeKallas B OCHOBE CaMHUX TPOIECCOB,
MOXKET OBITh TaKOW >K€ YUCTOW, Kak M Jro0as
apyras, TO, 4YTO OTIMYaeT AdTy OTpacib
OMOJIOTUYECKON TEXHOJIOTHH, - 3TO SIBHO PEalIbHBIC

eI, JJsd KOTOPBIX OHA CTaBUTCA.

CrnenoBarenbHO, 9acTh IMpeanoiaraeMoi (QyHKINH
3TOH KHUTH COCTOMT B TOM, YTOOBI MOIBITATHCS
Pa3bsACHUTH TEPBOE, YTOOBI YCTAHOBHUTH OCHOBY
BTOpOro. B To ke Bpems, Kak MOATBEPIUT JIHOO0i

y‘leHHﬁ—HpHKﬂaHHHK, TO, 4YTO IIPOHUCXOAUT B

MOJIEBBIX  YCJIOBHUSX B  DKCIUIYyaTallMOHHBIX
YCIIOBUSX, MPEACTABIISET coboit SIBHBIN
KOMIIPOMUCC MEXIY TEOPETUYECKUM u

MMPAaKTUYICCKU TOCTUIKHUMBIM.
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At times, anything more than an
approximation to the expected results may
be counted as something of a triumph of

environmental engineering.

Closing Remarks
The celebrated astronomer and biologist,
Sir Fred Hoyle, said that the solutions to
major unresolved problems should be
sought by the exploration of radical
hypotheses, while simultaneously adhering
to well-tried and tested scientific tools and
methods. This approach is particularly
valid for environmental biotechnology.

With new developments in treatment
technologies appearing all the time, the list
of what can be processed or remediated by
biological means is ever changing. By the
same token, the applications for which
biotechnological solutions are sought are
also subject to alteration. For the biotech
sector to keep abreast of these new
demands it may be necessary to examine
some ‘radical

truly hypotheses’ and

possibly make use of organisms or their

derivatives in ways previously unimagined.

This is the basis of innovation; the
inventiveness of an industry is often a
good measure of its adaptability and

commercial robustness.

HNHorma uyro-nmubo Oosbinee, yeM MpUOIMKEHUE K
OXKHJIaEMBIM PE3yJIbTaTaM, MOXKHO CUHTATh YEM-TO

Bpojie TpuyMda FKOJOTUIECKON UHKEHEPHUH.

3ak/I04uTeIbHbIE 3aMeYaAHUS

3HaAMEHUTHIN acTpoHOM U Ouosor cap Ppen Xoitn
CKaszaj, 4YTO PpCIICHHA OCHOBHBLIX HCPCIICHHBIX
npoOJieM CleqyeT HCKaTh IyTeM HCCIICIOBAHUS
paluKaIbHbBIX

THUIIOTE3, OJIJHOBPEMCHHO

MIPUICPKUBASICH MIPOBEPEHHBIX Hay4YHBIX
WHCTPYMEHTOB ¥ METOJIOB. DTOT IOAXO0J OCOOCHHO
aKTyalleH JJIsl 9KOJIOTUYECKOM OMOTEXHOJIOTHH.

[TocTOSITHHO TIOSBISAIOTCS HOBBIE pa3pabOTKH B
TEXHOJIOTHSIX JICUECHHMSI, U CIIUCOK TOr'0, YTO MOYKHO
0o0paboTaTh WJIM HWCHOPAaBUTh OHOJIOTHMYECKUMU
CpelCTBaMH, IMOCTOSTHHO MEHseTcsl. TOYHO Tak ke
MOTYT OBITb U3MEHEHBI MPHIOKEHUS, B KOTOPBIX
UIYTCSl OMOTEXHOJOTMYECKUE pemieHus. YToOsnl

OMOTEXHOJIOTMYECKHI CEKTOp OBUI B Kypce ITHX

HOBBIX  TpeOOBaHUM, MOXET MOTPeOOBATHCS
U3YYHTh HEKOTOpBIE NEHCTBUTENHHO
«paguKalIbHbIE  TUIOTE3b» W,  BO3MOJXKHO,

HCIIOJIB30BATh OpraHu3Mbl HWJIIM HUX JICPHUBATHI
CHOCO6aMI/I, O KOTOPBIX paHbIIC HCBO3MOXKHO OBLIO
JaKC IPCACTAaBUTD. OTO OCHOBa HOBATOpPCTRBA,

N300peTaTeibHOCTh  OTPAcid  4acTO  SIBIISICTCS
XOpOILIMM [IOKa3aTeleM €€ aJalTUPYEeMOCTH |

KOMMEpPYECKON yCTOMYMBOCTH.
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Chapter: 2
Microbes and Metabolism
So fundamental are the concepts of cell
growth and metabolic capability to the
whole of environmental biotechnology and
especially to remediation, that this chapter

is dedicated to their exploration.

Metabolic pathways (Michal 1992) are
interlinked to produce what can develop
into an

extraordinarily  complicated

network, involving several levels of
control. However, they are fundamentally
about the interaction of natural cycles and
represent the biological element of the
natural  geobiological cycles. These
impinge on all aspects of the environment,

both living and nonliving.

Using the carbon cycle as an example,
carbon dioxide in the atmosphere is
returned by dissolution in rainwater, and
also by the process of photosynthesis to
produce sugars, which are eventually
metabolised to liberate the carbon once
more. In addition to constant recycling
through metabolic pathways, carbon is also
sequestered in

living and nonliving

components such as in trees in the
relatively short term, and deep ocean
systems or ancient deposits, such as

carbonaceous rocks, in the long term.

I'maBa 2
Muxpo0b1 1 MeTab0IU3M

KOHLIGHIII/II/I pocCTa KICTOK H MeTa00INUECKUX
BO3MOXKHOCTEM i1 BCeM  HKOJOTHYECKOM
OMOTEXHOJIOTMU M OCOOEHHO JUI BOCCTAaHOBJIECHHUS
HaCTOJIBbKO q)YHHaMeHTaJII)HI)I, qTO J3Ta TIJlaBa
IMMOCBAIICHA UX U3YYCHUIO.
Merabonunueckue yTH

(Michal 1992)

B3aMMOCBsA3aHbl H 06pa3y}0T TO, YTO MOXCET

pa3BUTbCA B  YPE3BbIYANHO  CIIOKHYIO  CETb,
BKJIFOYAIOLIYI0 HECKOJIBKO YPOBHEH KOHTpouis. Tem
HE MEHee, OHHM OCHOBaHbl Ha B3aWMOJCHCTBUHU
NPUPOAHBIX LMKJIOB M HPEACTaBISIIOT  cO00i

OHOJIOrMYCCKUI 9JICMCHT €CTCCTBCHHBIX
reo0HOJIOrHYECKHUX IOHKJIOB. Onn 3aTparuBarOT BCC
ACIICKTHI Opr)KaIOIHGﬁ CpCabl, KaK JXHMBBIC, TaK H

HEXKHUBBIC.

Ecnu B34Th B KauecTBe MpUMeEpa YICPOIHBIH ITUKI,
TO YIJIEKHCIIBIN ra3 B aTMocdepe BO3BpaIlacTcs B
pe3yibTaTe pacTBOPEHHUS B JOXKACBOH BOJE, a
Takke B mporecce (GOTOCHHTE3a ¢ 00pa3oBaHUEM
caxapos, KOTOpBIC B KOHEYHOM  HTOIeE
MeTaboMM3UPYIOTCs, YTOOBI CHOBa BBICBOOOIUTH
yraepoa. [loMUMO TOCTOSSHHOW —PEIUPKYIISITIN
gepe3 MeTa0OJUYeCKUe TIYTH, YIJICPOJ TaKKe

IIOTJI0MACTCA KHUBbIMH n HC)KNBbBIMHU

KOMIIOHCHTaMH, TaKMMH KakK JACPCBbi B
OTHOCHUTCIIbHO KpaTKOCquHOﬁ MNEPCIICKTUBE U
FHY6OKI/I€ OKCAHNYCCKUC CHCTCMbI WU IOPCBHUC
OTJIOKCHUA, TAKUC KaK YTJICPOAWCTBIC IOPOJbI, B

HOHFOCpOQHOﬁ ICPCIICKTUBE.
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Cycles which involve similar principles of
incorporation into biological molecules
and subsequent re-release into the

environment  operate  for  nitrogen,
phosphorus and sulphur. All of these
overlap in some way, to produce the
metabolic pathways responsible for the
synthesis and degradation of biomolecules.
Superimposed, 1is an energy cycle,
ultimately driven by the sun, and involving
release of

constant consumption and

metabolic energy.

The Immobilisation, Degradation or
Monitoring of Pollutants from a

Biological Origin
Removal of a material from an
environment takes one of two routes: it is
either degraded or immobilised by a
process which renders it biologically
unavailable for degradation and so is
effectively removed. Immobilisation can
be achieved by chemicals excreted by an
organism or by chemicals in the

neighbouring environment which trap or

chelate a molecule thus making it insoluble.

Since virtually all biological processes
require the substrate to be dissolved in
water, chelation renders the substance
unavailable. In some instances this is a
desirable end result and may be viewed as
a form of remediation, since it stabilises
the contaminant. In other cases it is a
digestion would be the

nuisance, as

preferable option.

I_II/IKHBI, KOTOPBIC BKJ/IFOYAKOT AHaJIOTHYHBIC
IIPUHIHAIIBI BKIIFOUCHU A B OHOJIOrHYECKHUE
MOJICKYJIbL )51 MMOoCJICAYOICTO IIOBTOPHOT'O

BBICBOOOJKICHUS B OKPYXKAIOIIYIO Cpeay, paboTaroT
st azora, docdhopa u cepbl. Bce oHUM KaKMM-TO
00pa3oM MEepeKpBHIBAIOTCS, YTOOBI MPOIYLHUPOBATH
MeTa0O0JIMUYECKUE IMyTH, OTBETCTBEHHBIC 32 CHUHTE3
U pasnoxkeHue Oumomonekyn. HakmaneiBaercs
SHEPreTUYECKUN UMK, B KOHEUYHOM HTOre IIOJ
BO3J€HICTBUEM

COJIHI A n npeamnojaracTt

MOCTOSIHHOE  TOTpeOJEeHUE U  BBICBOOOXKIEHUE
MeTaboIMUECKON SHEPTUH.

NvmoOnan3anms, pa3jiokeHue Win
MOHMTOPHUHI 3arpsi3HUTe/Ieil 0H0JI0THYeCKOr0
NPOMCXOKIEHUS

VianeHnne Marepualia M3 OKPYKAOIIEH Cpebl
MPOMCXOJUT MO OJAHOMY W3 JBYX MyTeH: OH JH0O
pasznaraercs, 1100 UMMOOUIU3YETCS B pe3ysibTare
mpoiiecca, KOTOPBIM JeNaeT ero OWOJIOTHYECKU
HEJIOCTYIIHBIM ~ JUISI  Pa3JIOXKEHUS U  TOITOMY
sddexktuBHO ynansercs. MmmoOunuzanuss MoOXeT
ObITh JIOCTHUTHYTa XHUMHYECKHMMH BELIECTBAMH,
BBIJICISIEMBIMH  OPTAaHU3MOM, WJIH XUMUYECKUMU
BEIIECTBAMH B  COCEAHEH  cpelne, KOTOpbIE
3aXBaTbIBAIOT WM XEJIATUPYIOT MOJIEKYJy, JAesas
ee HepacTBOpUMO. [loCKOIBKY MpakTUYECKU BCE
OMOJIOTHYECKHE TIPOLECCHl TPEOYIOT pPacTBOPEHUS
cyOctpata B BOJIe, XCJIATUPOBAHUE  JI€TACT
BEILIECTBO HEAOCTYNHBIM. B HEKOTOpBIX ciydasx
9TO JKEJIAeMbli KOHEYHBIM pPE3yabTar, KOTOPBIU
dopmy

BOCCTAHOBJICHHS, IIOCKOJIBKY OH CTaOMIM3HUPYET

MO>KHO paccMaTpuBaTh KaK
3arpsi3HeHue. B pyrux ciydasx 3TO HENpUSATHO,

TaK KakK MUIIEBAPEHUE OBLIO OBl

npeaAIIOYTUTCIIbHBIM BaAPpHAHTOM.
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Such ‘unwanted’ immobilisation can be a
major problem in remediation, and is a
common state of affairs with aged
contamination. Much research effort is
being applied to find methods to reverse
the process.

Degradation is achieved by metabolic
pathways operating within an organism or
combination of organisms, sometimes
described as consortia. These processes are
the crux of environmental biotechnology
and thus form the major part of this
chapter. Such activity operates through
metabolic pathways functioning within

the cell, or by enzymes either excreted by
the cell or, isolated and applied in a
purified  form.Biological = monitoring
utilises proteins, of which enzymes are a
subset, produced by cells, usually to
identify, or quantify contaminants. This
has recently developed into an expanding

field of biosensor production.

The players

Traditionally, life was placed into two
categories — those having a true nucleus
(eukaryotes) and those that do not
(prokaryotes). This view was dramatically
disturbed in 1977 when Carl Woese
proposed a  third domain, the
archaebacteria, now described as archaea,
arguing  that  although  apparently
prokaryote at first glance they contain
sufficient similarities with eukaryotes, in

addition to unique features of their own, to

Takas «HexenarenpHas) HUMMOOWIM3AIUSI MOXKET
CTaTh CEPHhE3HOU MPOOIEeMOi MpU peadMIUTaluu 1

SABJISICTCA OOBLIYHEIM  SIBJIEHHEM JIIs CTapbIX

3arpsi3HeHUM. B Hacrosmee Bpems NpHIIAraroTCs

OOJIbIIINE HUCCIICAOBATCIIbCKUEC  YCUIIUA, YTOOBI

HalTH CIOCOOBI O6paTI/ITI> OTOT IPOLECC BCIIATD.

Paznoxxenune MOCTUTaeTCs META00JIMUYECKUMU

IIyTSIMU, JCUCTBYIOUIMMU BHYTPH OpraHu3Ma WIH
KOMOMHAIIMM OpraHU3MOB, HHOTJA Ha3bIBaEMbIX

KOHCOpHOHUYMAaMH. Ot MpoueccCbl  COCTABJIAIOT

OCHOBY  JKOJIOTHYECKON  OMOTEXHOJOTMHU  H

COCTaBJISIOT OOJBIIYI0 YacTh JTOW TJIaBBl. Takas

AKTHBHOCTH OCYIICCTBIIACTCA qucpe3

MeTa00INYECKHE (bYHKI_II/IOHI/Ipy}OH_II/IC

yTH,
BHYTPH KJIETKOH HIIM (pepMEHTaMH, KOTOpbIE 100

BBIACIIAIOTCS KJIGTKOI;'I, oo BBIACIIAIOTCA H

OYHILICHHON dhopwme.

buonornuecknii MOHUTOPHUHT HCIIOJIB3YCT 6GJ'IKI/I,

IIPUMCHAIOTCA B

4acThb KOTOPBIX COCTaBIIAIOT (bepMeHTHI,
IMPOU3BOJAUMBIC KJICTKaMHU, 00BIYHO JJISL
UACHTUDUKAIIH WIN KOJIMYECTBEHHOTO
ompeneineHus  3arps3Huteneii.  HemaBHo — 3TO
PacIHIMpPUIOChH B obJsactu MPOM3BOJICTBA
OMOCEHCOPOB.

Hrpoxn

TpaguuuoHHO U3HBP NOIpa3AeAIach Ha JIBE
KAaTEropuu: UMEIOLINE UCTUHHOE SIIPO (3yKapHUOThl)
U T€, y KOTOPBIX €ro HeT (MPOKapHuOThl). ITa TOUKA
3peHus Obula pe3ko HapyueHa B 1977 rony, korna
Kapn Bé3e  npennoxun  TpeTuid  JIOMEH,
apxe0akTepuy, HBIHE OIUCHIBAEMbIE KaK apxew,
yTBEpKIasi, 4TO, XOTSI Ha MEPBbII B3IJISA KaXKyTCs
MIPOKapuoTaMH, OHU O0NaJalT  JIOCTATOYHBIM
CXOJICTBOM C 3YKapHMOTaMH, IOMUMO COOCTBEHHBIX

YHHUKAJIbHBIX 0COOEHHOCTEH, UTOOBI
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merit their own classification (Woese and
Fox 1977, Woese, Kandler and Wheelis
1990). The arguments raised by this
proposal continue (Cavalier-Smith 2002)
but throughout this book the classification
adopted is that of Woese, namely, that
there are three divisions: bacteria, archaea
(which together comprise prokaryotes) and
eukaryotes. By this definition, then, what
are referred to throughout this work simply
as ‘bacteria’ are synonymous with the term

eubacteria (meaning ‘true’ bacteria).

It is primarily to the archaea, which
typically inhabit extreme niches with
respect to temperature, pressure, salt
concentration or osmotic pressure, that a
great debt of gratitude is owed for
providing this planet with the metabolic
capability to carry out processes under
some very odd conditions indeed.An
appreciation of the existence of these
classifications is important, as they differ
from each other in the detail of their cell
organization and cellular processes making
it unlikely that their genes are directly
interchangeable.However, it is interesting to
examine the potentially prokaryotic origins
of the eukaryotic cell. There are many
theories but the one which appears to have
the most adherents is the endosymbiotic
theory. It suggests that the ‘proto’
eukaryotic cell lost its cell wall, leaving
only a membrane, and phagocytosed or

subsumed various other bacteria with

3aCIy’>KUBAIOT CBOEH COOCTBEHHOM KiaccH(HUKAIIUU
(Woese and Fox 1977, Woese, Kandler and
Wheelis 1990). ApryMeHTBI, BBIIBUHYTBIE STHM
npemioxkenuem, mpoaospkatorcs (Cavalier-Smith
2002), HO B 3TOM KHHIe NPHUHATA KiIacCU(pUKAIUS
Bese, a

HUMCHHO, qTo CyHICCTBYCT TpH

nonpasneneHusi:  Oakrepuu, apxen (KOTOpbIE
BMECTE COCTABJSIIOT IMPOKAPUOTHI) M JYKAPUOTHI.
Takum 00pa3oMm, COrJacHO 3TOMY OMNPEIEICHHUIO,
TO, 4TO B JIaHHOM paboTe YIOMHHAETCS MPOCTO KaK
SIBJISIETCSI  CUHOHHUMOM

«baxTepumn», TEpMHHA

syOakTepuu  (YTO  O3HAYaeT  «HACTOSIIHE)
OakTepun).

B nmepByro odepenr apxeil, KOTOpbIE OOBIYHO
OOHUTAIOT B OKCTPEMAJIbHBIX HUIIAX C TOYKU 3PEHUS
TEMIIepaTyphl, JaBJICHUs, KOHICHTPALUN COJIU TN
OCMOTHYECKOTO JIaBIICHUS, SBISAIOTCS OTPOMHBIM
JoiaroM  OjarojgapHocTd 3a  TO, 4YTO  OHH
NPEJOCTaBIIIM JTOW TUIAaHETe METa0OIHYECKYIO
CIIOCOOHOCTh ~ BBIMIOJHATH IPOLECCHl B OYEHb
CTpaHHBIX YCJIOBHSX. J[eHCTBUTENBHO, TOHUMAHUE
CYUIECTBOBAHMSI JTHX KIAacCU(PUKALUNA Ba)KHO,
MOCKOJIBKY OHHM OTJIMYAIOTCA Jpyr OT JApyra
JNETASIMA  CBOEM KJIETOYHOM OpraHu3aluu H

KJIICTOYHBIX IMpoueCCoB, qTo ACJ1acT

MaJIOBCPOATHBIM IPSAMYIO B3aMMO3dMCHIACMOCTD UX

reHoB. TeM He MeHee, HHTEPECHO M3YUUTh
MOTEHLIUAJIBLHO IIPOKApUOTUYECKOE
IIPOUCXOXKACHUE. 9YKApHUOTHUYECKOM  KIIETKH.

CyiiecTByeT MHOTO TEOpHii, HO OOJbIIE BCEro

MPUBEPXKEHIIEB ~ MMEEeT  JHAOCUMOMOTHYECKas
Teopusi. ITO  MPEIINoJiaraeT, 4YTo  «IPOTO»
SyKapuoTHuYecKas  KJeTKa  IOoTepsiia  CBOIO

KJIICTOYHYHKO CTCHKY, OCTABUB TOJIBKO MeM6paHy, n

(baFOL[I/ITI/IpOBaJ'Ia HJIIKM  IIOIVIOTHJIAa  Pa3JIMYHBIC

npyrue 0akTepuu, C
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which it developed a symbiotic

relationship.These included an aerobic
bacterium, which became a mitochondrion,
endowing the cell with the ability to carry
out oxidative phosphorylation, a method of
producing chemical energy able to be
transferred to the location in the cell where
it is required. Similarly, the chloroplast,
the site of photosynthesis in higher plants,
is thought to have been derived from
cyanobacteria, the so-called blue-green
algae.Chloroplasts are a type of plastid.
These are membrane-bound structures
found in vascular plants. Far from being
isolated cellular organelles, the plastids
communicate with each other through
et al

interconnecting tubules (Kohler ~

1997).

Various other cellular appendages are also
thought to have prokaryotic origins such as
cilia. or the flagellum on a motile
eukaryotic cell which may have formed
from the fusion of a spirochete bacterium
to this ‘proto’ eukaryote. Nuclei may well
have similar origins but the evidence is
still awaited. No form of life should be
overlooked as having a potential part to
play in environmental biotechnology.
However, the organisms most commonly
discussed in this context are microbes and
certain plants. They are implicated either
because they are present by virtue of being
natural

in their environment or by

deliberate introduction.

KOTOPBIMA OHa  YCTAaHOBHJIA CHUMOMOTHYECKHE

oTHomeHud. K HuM oTHOCATCS a3p06Ha;1 6aKT€pI/IH,
KOTOpasa IMpeBparujiaCb B MUTOXOHAPUIO, HAACIIAA
KJICTKY CIIOCOOHOCTEIO IMPOBOAWUTL OKHCIUTCIIBHOC

dbochopunupoBanue, METO/T MIPOU3BOJICTBA

XUMHUYECKOU OHCPIrur, KOTOpasa MOXKET OBITh

nepcgada B TO MCECTO B KICTKE, TIJA€ OJTO

HeoOxoaumo. TOYHO Tak K€ CUYUTAETCS, 4YTO

XJjopoIiiact, MECTO (bOTOCI/IHTGSa Y BBICHIUX

pacTeHuii, MNPOM30IIET OT IMAaHOOAKTEepHH, TaK

Ha3bIBAEMBIX CHHE-3€JIEHbIX BOJIOPOCIIEH.
XnopormiacTsl SIBJISIFOTCSA Pa3HOBUIHOCTBIO
TJIACTHU]. Ot1o MeMOpaHHBIE CTPYKTYpBHI,
OoOHapy)XeHHbIE B  COCYIUCTBIX  pPaCTEHUSX.

I[EUIGKI/IG OT HU30JIMPOBAHHBIX KJICTOYHBIX OPraHell,

IIACTUABL  COOOLIAIOTCS

Apyr ¢

COCAUNHAIOIINXCA

Jpyrom
IMOCPpCACTBOM KaHaJIbIICB

(Kohler “ et al. 1997).

C‘II/ITaeTCH, 4YTO pas3jIn4yHbIC APYTHUEC KICTOYHLIC

NpUuaaTKu TaKXKC HUMCIOT IIPOKApUOTHUIYCCKOC

IIPOUCXOXKACHHE, TAKOE KaK PECHUYKU WIH JKTYTHK
IIOABUKHOM DJYKAPUOTHUYECKOM KIIETKH, KOTOpPBIE
MOINIM  00pa3oBaTbCd B pE3ylbTaTe CIUSHUS
0aKTEepPUH-CIUPOXETHI C ITUM «IIPOTO» FYKAPHOTOM.
Anpa  BnoaHe MOTYT

HUMCTb ITIOXOXKEC

IIPOUCXOKACHNUE, HO JIOKa3aTelIbCTBA BCE €LIE
oxunatorcs. Hu omHa ¢dopma KU3HH HE MOXKET
ObITh  ymylleHa U3

BUOY KakK HUMCronias

MOTEHIIUATLHYIO POJIb B JKOJIOTHYECKOM
ouorexHosiornd. OQHAKO B 3TOM KOHTEKCTE dalle
BCETO OOCYXIAlOTCA MHUKPOOBI M  HEKOTOpBIE
pactenus. OHU BOBJICYEHBI JIUOO MOTOMY, YTO OHU
MPUCYTCTBYIOT B CHIIy CBOETO €CTECTBEHHOTO
OKpY>XEHHsI, TUO0 B pe3yabTaTe MpeaHaMepEeHHOTO

BHEJIPEHUS.
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Microbes

Microbes are referred to as such, simply
because they cannot be seen by the naked
eye. Many are bacteria or archaea, all of
which are prokaryotes, but the term

‘microbe’ also  encompasses  some
eukaryotes, including yeasts, which are
unicellular fungi, as well as protozoa and
unicellular plants. In addition, there are
some microscopic multicellular organisms,
such as rotifers, which have an essential
role to play in the microsystem ecology of
places such as sewage treatment plants.

An individual cell of a eukaryotic
multicellular organism like a higher plant
or animal, is approximately 20 microns in
diameter, while a yeast cell, also
eukaryotic but unicellular, is about five
microns in diameter. Although bacterial
cells occur in a variety of shapes and sizes,
depending on the species, typically a
bacterial cell is rod shaped, measuring
approximately one micron in width and
two microns in length. At its simplest
visualisation, a cell, be it a unicellular
organism, or one cell in a multicellular
organism, is a bag, bounded by a
membrane, containing an aqueous solution
in which are all the molecules and
structures required to enable its continued
survival. In fact, this ‘bag’ represents a
complicated  infrastructure  differing
distinctly between prokaryotes and

eukaryotes (Cavalier-Smith 2002),

Muxkpo0b1
MukpoObl Ha3bIBAIOTCS TAKOBBIMU MPOCTO MOTOMY,
YTO HMX HCJIb3s YBUACTH HCBOOPYKCHHBIM IJIa30M.

MHorue W3 HUX MPENCTaBISIOT CO00W OakTepuu

nin apxeu, BCC u3 KOTOPBIX SABJIAKOTCA
IIpoKapuoTaMu, HO TCPMHUH «MI/IKpO6» TaKXKC
OXBAaThIBAcCT HCEKOTOPBIX OYKapuorT, BKJIrO4as

JIPOXKKHU, KOTOpBIE SBISIOTCS OJHOKIECTOUYHBIMU
rpubamu, a Takke MPOCTEHUIINE U OJHOKICTOYHbIE
pactenus. Kpome TOro, CymectByloT HEKOTOpPbHIE
MHUKPOCKOIIMYECKHUE MHOTOKJIETOUYHBIE OPTaHU3MBbI,
TaKue Kak KOJOBPATKH, KOTOPBIE UTPAIOT BAXKHYIO
pOJIb B MHUKPOCHUCTEMHOW SKOJOTHMH TaKUX MECT,
KaK OYHCTHBIE COOPYKEHUS.

OtnenbHas KJIETKa YKapUOTHYECKOT O
MHOT'OKJIETOYHOTO OpraHU3Ma, TaKOr0 KakK BBICIIIEE
pacTeHue Ui )KMBOTHOE, UMEET JuameTp okosio 20
MHUKPOH, B TO BpeMs KakK JApOxKeBas KIIETKa, TAaKKe
yKapuoTHuecKasi, HO

OJHOKJICTOYHAas1, HMCCT

TaMeTp OKOJIO MATA  MHUKPOH. Xots
OakTepuabHbIC KIETKH OBIBAIOT pa3HBIX (OpM U
pasMepoB, B 3aBHCUMOCTH OT BHJA, OOBIYHO
OakTepuanbHasl KJIeTKa HMeeT (OpMy CTEpKHS,
pa3MepoM TPHONHM3UTEILHO OJWH MHUKPOH B
IIUPUHY W JBa

MUKpoHa B anuny. [lpu

MpocTeiiield BuU3yaldu3aluu KJIeTKa, Oyab To
OJIHOKJICTOYHBIA OpraHW3M WM OJIHA KJIETKa B
MHOT'OKJIETOYHOM OpTaHu3Me, IPEICTaBIIIeT COO0M
MENIOK, OTPaHUYEHHBI MEMOpaHOU, colepKaluil
BOJHBI pacTBOp, B KOTOPOM HAXOHSTCS Bce

MOJICKYJIBI U CTPYKTYDPHI, H€O6XOI[I/IMI>IG 1 €€

manpHeilmero BeDKMBaHUS. @DaKTUYECKH, DITOT
«MEIIOK» MPEJCTABIISIET coboit CIIOKHYIO
UHDPACTPYKTYpy, KOTOpash 4YETKO pa3iInyaeTcs

Mexay mpokapuoramu u 3ykapuothl (Cavalier-

Smith 2002),
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Depending on the microbe, a variety of
other structures may be present, for
instance, a cell wall providing additional
protection or support, or a flagellum, a
flexible tail, giving mobility through the
surrounding environment. Survival
requires cell growth, replication of the
DNA and then division, usually sharing
the contents into two equal daughter cells.
Under ideal conditions of environment and
food supply, division of some bacteria may
occur every 20 minutes, however, most
take rather longer. However, the result of
many rounds of the binary division just
described, is a colony of identical cells.
This may be several millimetres across and
can be seen clearly as a contamination on a

solid surface, or if in a liquid, it will give

the solution a cloudy appearance.

Other forms of replication include budding
off, as in some forms of yeast, or the
formation of spores as in other forms of
yeast and some bacteria. This is a type of
DNA storage particularly resistant to
environmental excesses of heat and pH, for
example. When the environment becomes
more hospitable, the spore can develop

into a bacterium or yeast, according to its

origins, and the life cycle continues.

Micro-organisms may live as free
individuals or as communities, either as a
clone of one organism, or as a mixed
group. Biofilms are examples of microbial

communities, the components of which

B 3aBUCHUMOCTH oT MUKpoOa MO>KET
MPUCYTCTBOBATh MHOXECTBO JPYTHX CTPYKTYD,
HarpuMep, KJIETOYHAas CTeHKa, OOecredMBaroias
JOIIOJIHUTENIBHYIO 3allUTy WU NONAEPKKY, WIHA
KTYTHK, THOKUI XBOCT, MPUAAIOIINN MTOABUKHOCTh
B OKpyKaromen cpeze. s BbDKUBaHUS TpeOyeTCs
poct kierok, permkanua JJHK, a 3arem nenenue,
OOBIYHO  pa3leNdoNiee COACPKUMOE Ha  JIBE
paBHBIE JI0YEpHUE KIIETKU. B neanbHbIX YCIOBUAX
OKpY)Karomie cpefapl M MHUIIEBBIX MPOIYKTOB

JeIIeHUE HEKOTOPBIX OakTepuit MOKET
MPOUCXOAUTh Kaxable 20 MUHYT, OJHAKO ISt
OonpiiuHCTBA  TpeOyercst  Ooibllle  BpEMEHH.
OpHako pe3ynbTaTOM MHOTHX ILIHUKIIOB TOJIBKO UYTO
OIMMCAaHHOTO  OWHAPHOTO  JICJICHHUS  SIBJISICTCS
KOJIOHUS WJCHTHYHBIX KJIETOK. DTO MOXKET OBITh
HECKOJIbKO MHJUIUMETPOB B MOMNEPEYHHUKE, U €ro
MOKHO OTUYETJIMBO YBUJETh KaK 3arpsi3HEHUE Ha
TBEPAOH MOBEPXHOCTH, WUJIH, €CITU OHO HAXOJTUTCS B
KHUJIKOCTH, OHO MPHUIACT PACTBOPY MYTHBIN BUIL.

peIIMKalun BKJIFOYAKOT

Hpyrue hopmbl
OTIIOYKOBAHME, KAaK y HEKOTOPBIX (POPM IpOXKei,
w1 oOpa3oBaHHE CIIOp, Kak Yy JApyrux ¢opm
OpOXOKEH M HEKOTOpbIX OakTepuid. ITO TUI

xpanmwmnma  JIHK,  oco0eHHO  ycTOWUUBEIA,
HampuMep, K 4Ype3MEpHOMY BO3ACHUCTBUIO TEIUIa U
pH okpyxaromen cpenpl. Korga oxpysxaromast
cpena CTaHOBUTCA Oojiee OJarompusTHOM, cropa
MOXKET pa3BUThCI B OaKTEPUI0 WU JPOACGKA B
3aBUCHMOCTH OT CBOETO MPOUCXOXKICHUS, U
KU3HEHHBIH UKIT MPOJA0KACTCS.

MuUKpOOpraHu3Mbl MOTYT JKUTh Kak CBOOOJHBIC
WHIUBUAYYMBl WM KaK CcooOImecTBa, MO0 Kak
KJIOH OJHOTO OpraHu3Mma, JuOO KaK CMelIaHHas
rpynna.  buornienku

SABJIIIOTCA IMpuMepamMu

MHUKPOOHBIX COOOIIECTB, KOMITOHEHTHI KOTOPBIX
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may number several hundred species. This
is a fairly loose term used to describe any
aggregation of microbes which coats a
surface, consequently, biofilms are
ubiquitous. They are of particular interest
in environmental biotechnology since they
represent the structure of microbial activity
in many relevant technologies such as
trickling  filters. Models for their
organisation have been proposed (Kreft ef
al. 2001).

Their structure, and interaction between
their members, is of sufficient interest to
warrant at least one major symposium
(Allison et al. 2000). Commonly, biofilms
occur at a solid/liquid interphase. Here, a
mixed population of microbes live in close
proximity which may be mutually
beneficial. Such consortia can increase the
habitat range, the overall tolerance to
stress and metabolic diversity of individual
members of the group. It is often thanks to
such communities, rather than isolated
bacterial ~ species, that recalcitrant
pollutants are eventually degraded due to
combined contributions of several of its
member.
Another consequence of this close
proximity is the increased likelihood of
bacterial transformation. This is a
procedure whereby a bacterium may
absorb free deoxyribonucleic acid (DNA),
the macromolecule which stores genetic
material, from its surroundings released by

other organisms, as a result of cell death,

MOXCT HAaCUMTBIBATh HCCKOJBKO COTCH BUOOB. 910

JIOBOJILHO CBOOOJIHBIM TEPMHH, UCTIOIB3YEMbIN JIJIs

omucaHusi  JOOOr0  CKOIUIGHHSI ~ MHUKPOOOB,
MOKPBIBAIOILIETO  [TOBEPXHOCTb,  CJIEIOBATENILHO,
OMOIUIGHKH BCTpeyaroTcss moBceMecTHO. OHu

IPEJCTABISAIOT OCOOBI MHTEpEC B HKOJIOTMYECKOM
OMOTEXHOJIOTHH, TOCKOJIBKY OHH TIPEACTABISIOT
CTPYKTYpY MHKpPOOHOW aKTUBHOCTH BO MHOTHX
COOTBETCTBYIOIIMX  TEXHOJOTHSAX, TaKUX  Kak
KaresnbHble (WIBTPbL. BTN mpeiokeHbl MOAEIH
ux opranuzauuu (Kreft et al. 2001).

HNx crpykTypa H B3aUMOJEUCTBHE MEXKIy WX
YjeHaMU TPEJICTABIAIOT JOCTaTOYHBIA HHTEpec
Ul TpOBEJeHHs 10 KpailHel Mepe OJIHOro
kpynHoro cumnosuyma (Allison et al. 2000).
OObIYHO OWOIUICHKH O00pa3yloTcs Ha TpaHHIIe
pasgena TBeproe / KHMIKOE. 3]1eChb CMEIIaHHas
HOMYJISALUS MUKPOOOB KMBET B HEIOCPEICTBEHHOM
ONMM30CTH, YTO MOXET OBITh B3aWMOBBITOJHBIM.
Takue KOHCOPUMYMBI MOTYT YBEIMYHTH JHANA30H
oOuTaHus, OOILLYI0 YCTOHYMBOCTH K CTpeccy H
MeTabOoJIMUeCcKOe pa3HO0Opa3ue OTAEIbHBIX YWIEHOB
rpynmbsl.  Hacto  MMEHHO

Onaromapss  TakuM

COO6HI€CTBaM, a HC H30JIMPOBAHHBIM BHJaM

OaKkTepuid, CTOMKHE 3arpsS3HUTEIM B KOHCUYHOM
UTOTE pa3jiararoTcsi H3-32 COBOKYITHOTO BKJIaja
HECKOJIBKUX €0 YICHOB.

Takol  OJHU30CTH -

Fme opgoo ciuencrBue

IIOBBIIIICHHAsA BCPOATHOCTD 6aKT€pI/IaJ'II>HOI7I

Tpancopmaluu. ITo Mpoleaypa, HOpu KOTOpPOi
OakTepusi  MOXKET

[IOTJIOIIATh cBOOOIHYIO

(IHK),

MaKpOMOJIEKYJly, KOTOpasi XpaHUT T'E€HETUYCCKUU

J€30KCUPHOOHYKIIEHHOBYIO  KHCIIOTY

MaTepua, u3 OKpYKaromieu Cpenbl,

BBICBOOOXK1aEMOI1

APYyruMunu OpraHu3MamMu B

pe3ynbTaTe TUOeIu KIETKH.
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for example. The process is dependent on
the ability, or competence, of a cell to take
up DNA, and upon the concentration of
DNA in the surrounding environment. This
is commonly referred to as horizontal
transfer as opposed to vertical transfer
which refers to inherited genetic material,
either by sexual or asexual reproduction.
Some bacteria are naturally competent,
others exude competence factors and
recently, there is laboratory evidence that
lightning can impart competence to some
bacteria (Demaneche et al 2001). It is
conditions

conceivable that allowing

transformation  prevail in  biofilms

considering the very high local
concentration of microbes. Indeed there is
evidence that such horizontal transfer of
DNA occurs between organisms in these

communities (Ehlers 2000).

In addition to transformation, genes are

readily transferred on plasmids as
described later in this chapter. It is now
well established that, by one method or
another, there is so much exchange of
genetic material between bacteria in soil or
in aquatic environments, that rather than
discrete units, they represent a massive
gene pool (Whittam 1992).

The sliminess often associated with
biofilms is usually attributed to excreted

molecules often protein and carbohydrate

in nature, which may coat and protect the

Hanpumep. [Ipoiiecc 3aBUCHT OT CIIOCOOHOCTH HITH
ciocooHocTr  kietku mornomare JIHK wu ot
konnentpauuu JIHK B oxpyxaromein cpene. I1o
O6I)I‘-IHO Ha3bIBAIOT IT'OPU30HTAJIbHBIM IIEPCHOCOM, B
OTJIMYUE OT BEPTHKAIBHOTO IEPEHOCA, KOTOPBIH
OTHOCUTCSl K YHACICIOBAaHHOMY TI'€HETUYCCKOMY
Marepuasy IyTeM I[OJIOBOTO WM OeCIoJIoro
pasMHOXKeHHs. Hekoropbeie OakTepum 00JIaTaI0T

€CTECTBEHHOM KOMIICTCHTHOCTBIO,

Apyrue
HCTOYAKOT (1)aKTOpBI KOMIICTCHTHOCTH, U HCAABHO
IIOSIBUJINCH Ha60paTOprI€ JOoKa3aTeiabCTBa TOI'O,
YTO MOJIHUSA MOXKET HpI/IZ[aBaTI) KOMIICTCHTHOCTH

HekoTtopeiM OakTepusm (Demaneche et al. 2001).

MoxHOo npeaItojaoKuTb, 4YTO B OHOIUIEHKAX

npeobaanaoT yCII0BUS, JIOTTyCKaIOII1e

TpaHC(HOpMAIMIO, YYHUTHIBasE OYEHb BBICOKYIO

JIOKAJIbHYIO KOHICHTpAIUIO MI/IKpO6OB.

HeﬁCTBHTeHBHO, €CTb CBHUACTCIILCTBA TOI'O, 4YTO

Takas TOPU30HTAIIbHAS nepegaya JHK
MPOUCXOAUT MEXKIYy OpraHu3MaMud B  ITHUX
coobmectBax (Ehlers 2000).

[Tomumo Tpancopmalu, TEHBI JIETKO

MEPCHOCATCA Ha IJIa3MHJbI, KaK OIIMCAaHO OaJIcC B

9TOM TiaBe. B Hacrosmee BpeMs  TOYHO
YCTQHOBJICHO, 4YTO TEM WM MHBIM CHOCOOOM
IPOUCXOIUT  TAaKOM  WHTEHCUBHBIH  OOMEH

TCHCTHYECKUM MaTepUAIOM MEXIy OaKTepusMu B
MOYBE WJIM B BOJIHOM CpeJie. Cpelbl, KOTOPhIC, a He
OTJICNIbHBIC €IUHUIIBI, OHU MPEACTABISAIOT COOOI

orpoMuslif reHodona (Whittam 1992).

ClIM3UCTOCTh, YacTO CBsi3aHHAs C OMOIUIEHKAMH,
O6bI‘-IHO HpI/IHI/ICBIBaeTCH BBIACISICMBIM MOJIeKy.]'IaM,
4acTo OEJIKOBBIM M YIJIEBOIAHBIM 110 CBOCH MPUPOJIE,

KOTOPLBIC MOT'YT IOKPBIBATDH U 3allIUIIATH
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film. Once established, the biofilm may
proliferate at a rate to cause areas of
anoxia at the furthest point from the source
of oxygen, thus encouraging the growth of
anaerobes. Consequently, the composition
of the biofilm community is likely to
change with time. To complete the picture
of microbial communities, it must be
appreciated that they can include the other
micro-organisms listed above, namely,
yeasts, protozoa, unicellular plants and

some microscopic multicellular organisms

such as rotifers.

Plants

In contrast with microbes, the role of
plants in environmental biotechnology is
generally a structural one, exerting their
effect by oxygenation of a microbe-rich
environment, filtration, solid to gas
extraction of  the

These

conversion  or
contaminant. examples  are
examined in detail in Chapters 7 and 10.
Genetic modification of crop plants to
produce improved or novel varieties is
discussed in Chapter 9. This field of
research is vast and so the discussion is
confined to  relevant issues in
environmental biotechnology rather than

biotechnology in general.

¢uneM. Ilocrme oOpa3oBaHusi OHMOILIEHKA MOYKET

pa3pacTtaTbcsi CO  CKOPOCTBIO,  BBI3BIBAIOILCH
aHOKCHIO B oOiacTsx, HawOoliee YAaJeHHBIX OT
MCTOYHHMKA KHCJIOPOAA, TEM CaMBbIM CIIOCOOCTBYS
CrnenoBarteabHO,

aHa3p060B. COCTaB

pocty
cooOuiecTBa OHOIUIEHOK CO BPEMEHEM MOXKET
U3MEHUTHCA. [ TONHOTHI KapTUHBI MHUKPOOHBIX

COO6HI€CTB cIeayeTr IOoHMMarb, 4YTO OHU MOIYT

BKJIKOYATb Apyrue MNECPCUUCIICHHBIC BBIIIC
MHUKPOOPIraHru3Mbl, a HUMCHHO JAPOIKIKHU,
HpOCTCfIIHHG, OJHOKJICTOYHBIC pacTCHusA )51

HCKOTOPLIC MHUKPOCKOIMMYCCKUEC MHOT'OKJICTOUYHBIC

OpraHu3Mbl, TAKHC KaK KOJIOBPATKH.

Pacrenus

B omimmume oTr MHKpPOOOB, pONb pAcTEHUH B
9KOJIOTUYECKOM OMOTEXHOJIOTUH, KaK IpaBuio,
HOCHUT CTPYKTYPHBIA XapakTep, IIOCKOJIbKY OHH
MPOSBIISAIOT CBOE BIIMSHUE IIyTEM HACBILICHUS
KHCIOpOAOM  Ooraroii ~ MuKpoOamMu  Cpejpl,
¢buibTpanuy, npeodpa3zoBaHus TBEPAOIO BELECTBA
B Tra3 WIM OKCTpakUUU 3arpsA3HUTENS. OTH
IIpUMEpPHI MOAPOOHO paccMaTpPUBAIOTCS B IIaBax 7
u 10. T'eneTnueckas MoauduKaIus
CEJIbCKOXO3SIMCTBEHHBIX KYJIBTYP IJISl IMOIY4YECHHS
YAYYIIEHHBIX WJIX HOBBIX COPTOB OOCYXKJAaeTcsi B
rmaBe 9. Dta 00acTh MCCIeAOBaHUI OOMMpHA, U
I03TOMY o0CyXieHue OTrpaHUYUBACTCS
COOTBETCTBYIOIIMMHU BOINPOCAMU  IKOJIOTHYECKOU

OMOTEXHOJIOTHH, a He OMOTEXHOIOTHH. B OOILEM.
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Metabolism

The energy required to carry out all
cellular processes is obtained from
ingested food in the case of chemotrophic
cells, additionally from light in the case of
phototrophs and from inorganic chemicals
Since all

in lithotrophic organisms.

biological macromolecules contain the
element carbon, a dietary source of carbon

is a requirement.

Ingested food is therefore, at the veryleast,
a source of energy and carbon, the
chemical form of which is rearranged by
passage through various routes called
metabolic pathways. One purpose of this
reshuffling is to produce, after addition or
removal of other elements such as
hydrogen, oxygen, nitrogen, phosphorous
and sulphur, all the chemicals necessary
for growth. The other is to produce
chemical energy in the form of adenosine
triphosphate (ATP), also one of the
‘building blocks’ of nucleic acids. Where
an organism is unable to synthesise all its
dietary requirements, it must ingest them,
as they are, by definition, essential
nutrients. The profile of these can be
diagnostic for that organism and may be
used in its identification in the laboratory.
An  understanding of  nutritional
requirements of any given microbe, can
prove essential for successful remediation

by bioenhancement.

MeTaboam3m

DHeprusi, HeoOXoAuMasi JJis BBIMOJHEHHUS BCEX
KJICTOYHBIX IPOIIECCOB, MOJIYYAaeTCs] U3 ChEICHHOU
MUIA B CIOydyae  XeMOTPOPHBIX  KJIETOK,
JIOTIOJIHUTENBHO U3 CBEeTa B ciiydae GoToTpodoB U

U3 HCOPraHUYCCKHUX XHUMHUKATOB Yy J'II/ITOTpO(l)HLIX

opranm3moB. Ilockombky BCE OHOJOTHYECKHE
MaKpOMOJICKYJIbI  COJIEP)KAT dJIEMEHT  YTIIepO/,
JTMETUYCCKUHA  HMCTOYHHK  yrJepola  SIBIISCTCS
00s13aTeNIbHBIM.

Takum o00pa3oM, NporioyeHHas MNUINA SBJISETCS,
[0 KpailiHe Mepe, HUCTOYHHUKOM DSHEpPruu M
xuMudeckas  Qopma

HU3MCHACTCA IMPH HNPOXOXKICHHUU 4YCPE3 PAa3JIMYHBIC

yriepoja, KOTOpOTO
MyTH, Ha3bIBACMbIC METAOOMUYECKUMH ITyTSIMHU.
OpnHa W3 1eNei ATOM IMepeTacoBKH - MPOU3BECTH
no0aBJIeHU WU

II0CJIC yYAaJICHUA

ApyTHuX
AJIEMEHTOB, TaKUX KakK BOJOPOJ, KHCIOPOA, a30T,
dochop u cepa, BCeX XHMHUKATOB, HEOOXOIMMBIX
s pocta. JIpyroil - mMpou3BOJACTBO XUMHUYECKOM
sHeprun B ¢opme aneHo3uHTpudpochara (ATD),
KOTOPBI  TaKke SIBIISICTCS OJTHUM u3
«CTPOUTEIBHBIX OJIOKOB» HYKIECHHOBBIX KHUCIIOT.
Ecnu opranusm He MOXKET CUHTE3UPOBATh BCE CBOU
JTMETUYECKHUE MOTPEOHOCTH, OH JIOJDKCH NMPUHUMATh
WX, TIOCKOJBKY OHH TIO OIPEACICHUIO SIBISIFOTCS
OCHOBHBIMHM TUTATECIBHBIMUA  BeIIeCcTBaMu. Ux
npodwib MOXET ObITh JHATHOCTHYCCKUM  JUISI
3TOr0 OpraHM3Ma M MOXET HCIIOJb30BAThCS JIJIS
ero uaeHtudukanuu B nadoparopun. [loHnmanue

noTpeOHOCTE B MUTAaHUM JIOOOTO KOHKPETHOTO

MHUKpOOa  MOXKET  OKa3aTbCsl  BaXHBIM  JUIS
YCHEIIHOTO  BOCCTaHOBIICHHS C  IOMOUIBIO
OnoycHUIeHUs.
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At the core of metabolism are the central
metabolic pathways of glycolysis and the
tricarboxylic acid (TCA) cycle on which a
vast array of metabolic pathways
eventually converge or from which they
diverge. Glycolysis is the conversion of
the six-carbon phosphorylated sugar,
glucose 6-phosphate, to the three-carbon

organic acid, pyruvic acid, and can be
viewed as pivotal in central metabolism
since from this point, pyruvate may enter
various pathways determined by the
energy and synthetic needs of the cell at
that time. A related pathway, sharing some
but not all of the reactions of glycolysis,
and which operates in the opposite
direction is called gluconeogenesis.
Pyruvate can continue into the TCA cycle
whose main function is to produce and
receive metabolic intermediates and to
produce energy, or into one of the many

fermentation routes.

The principles of glycolysis are universal
to all organisms known to date, although
the detail differs between species. An
outline of glycolysis, the TCA, and its
close relative the glyoxalate, cycles is
given in Figure 2.1, together with an
indication of the key points at which the
products of macromolecule catabolism,or
breakdown, enter these central metabolic
pathways. The focus is on degradation
rather than metabolism in general, since
this is the crux of bioremediation.A

description of the biological

B ocHOBe MeTaboiam3Ma JI€XKaT HCHTPAJIbHBLIC

MeTa00INYECKHE TJIMKOJIM3a n OHKI

yTH
Tpukap6oHoBbIX KHCIOT (TCA), Ha KOTOpHIX B

KOHCYHOM  HUTOr¢ CXOOATCA HWJIM PaCXodATCA

IIUPOKUHA  CHEeKTp  MeTabOoNIMuYecKux  MyTei.

['mukonu3 - 3TO MpeBpalleHUue MIECTUYTIIEPOTHOTO
TJIFOK030-6-

bochopHIpPOBaHHOTO caxapa,

docthara, B TpexXyriaepomHBIA. OpraHUYECcKas

KHCJIOTA, NHMPOBUHOIPAIHAs KHCIOTa M MOTYT
paccMaTpuBaThCS KaK CTEPKHEBBIE B LICHTPAIbHOM
MeTa0OoIU3Me, IIOCKOJIbKY € 3TOrO0 MOMEHTa
NUPYBaT MOXKET NPOHUKATh B pa3jM4HbIEC IIYTH,
olpezesseMble JHEPreTU4YECKUMHU u
CHUHTETUYECKUMH MNOTPEOHOCTSMH KIETKH B 3TO
BpEMSL. CBs13aHHBIN IIyTh, pa3IensAoImnnf
HEKOTOpBbIE, HO HE BCE pEaKkIUu IVIMKOJIA3Aa U
JEUCTBYIOIMI B IPOTHBOIIOJIOKHOM HAIIPABIICHUH,
Ha3bIBAETCs INIIOKOHEeoreHe3soM. IlupyBar moxer
npojoikarbest B nukiae TCA, ocHOBHas (QyHKIUS
3aKJII0YAETC B

KOTOpOro IMPOU3BOACTBE u

MOJTyYCHUH POMEKYTOUHBIX POIYKTOB
MeTaboau3Ma U B IPOM3BOJCTBE DHEPIUHU, WA B
OJIHOM M3 MHOTHX IIyTel (hepMEHTALINH.

[IpyHUMIBI TIMKONIM3a YHUBEPCAIbHBI JUISL BCEX
M3BECTHBIX HA CErOAHSMIHHA [I€Hb OpPraHHU3MOB,
XOTS JICTAJIA y PAa3HBIX BUJOB pa3iuyaroTcs. Cxema
TCA wu ero OIU3KOro

LIUKIOB TJIMKOJIM3a,

POOACTBCHHHKA, rJIMoKcajara, npeacrasjicHa

Ha pucyHke 2.1, BMecTe C YyKa3aHUEM

KIIFOYCBBIX TOYCK, B KOTOPBIX IMPOAYKTHI

Karabonmu3Ma WM  pacmaga  MaKpOMOJIEKYJ
MoNajaloT B 3THU ILIEHTPAJbHbIE METa0OIUYECKUE
nyTd. OCHOBHOE BHUMAHUE YAEISETCA JIerpaaali,
a He MeTabonu3My B IEJIOM, MOCKOJIBKY 3TO CYTh

OuopeMeualum
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macromolecules ~ which are lipids,
carbohydrates, nucleic acids and proteins
are given in the appropriate figures.

Not all possible metabolic routes are

present in the genome of any one organism.

Those present are the result of evolution,
principally of the enzymes which catalyse
the various steps, and the elements which
control their expression. However, an
organism may have the DNA sequences,
and so have the genetic capability for a
metabolic route even though it is not
‘switched on’. This is the basis for the
description of ‘latent pathways’ which
suggests the availability of a route able to
be activated when the need arises, such as

challenge from a novel chemical in the

environment.  Additionally, there is
enormous potential for uptake and
exchange of genetic information as

discussed earlier in this chapter. It is the
enormous range of metabolic capability
in environmental

which 1is harnessed

biotechnology.

The basis of this discipline is about

ensuring that suitable organisms are
present which have the capability to
perform the task required of them. This
demands the provision of optimal
conditions for growth, thus maximising
degradation or removal of the contaminant.
Linked to many of the catalytic steps in the
metabolic pathway are reactions which
release sufficient energy to allow the

synthesis of ATP.

MaKpOMOJICKYJIBbI, npeaAcCTaBJIAOIIUC coOoi

JMIUABL, YTJIEBOJBI, HYKJICHHOBBIC KHCIOTBHI H
OeJIKH, IPUBEICHBI HA COOTBETCTBYIOIUX (QUTYpaX.

He Bce BOo3MOXHBIE MeTabOIMYECKUE

IIyTH
IPUCYTCTBYIOT B T€HOME Kakoro-iudo OJHOro

opraHu3ma. Te, 4TO HNPUCYTCTBYIOT, SABJISAIOTCA

pPE3YIbTAaTOM 9BOJJIKOIIMH, T'JIaBHBIM 06pa30M

(epMeHTOB, KOTOpBIE KaTATU3UPYIOT PA3IUYHbIC

craguv, UW DJIEMCHTOB, KOHTPOJUPYIHOHNIUX HUX

OKCIIPECCCULIO. O,I[HaKO OpraHu3smM MOKET HMCTb

nociuenoBarenpbHocty  JIHK, a  3Hauut, wu

FEHETUYCCKHE BO3MOXKHOCTH METAa0OJIHYECKOIO

MyTH, HaK€ €CJIM OH HC «BKJIIOYCH. OTO OCHOBa

A1 OIMMCaHUA  «CKPBITBIX HYTGﬁ>> , KOTOpOC

npearnojaracT HaJudue IyTH, KOTOPBIA MOMKET
OBITH

AKTUBUPOBAH Inpu BO3HHUKHOBCHHUU

HEO0OXOMMOCTH, HalpuMep, MpPH BO3ACHCTBUU
HOBOTO XMMHYECKOIO BEUIECTBA B OKpY)Karomei
cpeae. Kpome OTPOMHBIN

TOT0, CYILECTBYET

IIOTCHIIHNAJI JJIA HOJ'IyquI/IH 158 O6M€Ha
TCHETUYECKOW WHpopMalmend, Kak 00CYXIaIoCh
paHee B JTOM TrjaBe. DTO OrPOMHBIM JHAIa30H
MeTa00INYECKUX

BO3MOKHOCTEH, KOTOPBIN

UCTIOJB3YETCS B 9KOJIOTUIECKON OMOTEXHOIOTHH.

B ocHoOBe 3TOH IUCHMIIIIMHBI JEKUT oOecreueHue
HAIAYHS TOAXOJSIINX OPTaHU3MOB, CIIOCOOHBIX
BBIIIOJHATh TpeOdyeMyl0 OT HHUX 3ajady. OITo
TpeOyeT oOecrieyeHHsl ONTUMAIbHBIX YCIOBUH s
pocTa, YTO  CHOCOOCTBYET  MaKCHUMAaJlbHOMY
pasoKeHUI0 Wi yaaneHuto 3arpsizHurens. Co
MHOTHUMH

KaTaJIMTUYCCKUMU cragusiMun

MEeTa00JIMUYECKOTO CBSI3aHBI

IIyTH

KOTOPELIC BLICBO60)K,I[EIIOT JA0CTAaTOYHO OHCPIruu,

peaKIuu,

yT00BI 00ecneunTs cuHTe3 ATO.
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This is the energy ‘currency’ of a cell
which permits the transfer of energy
produced during degradation of a food to a
process which may be occurring in a
distant location and which requires energy.
For brevity, the discussions in this chapter
consider the metabolic processes of
prokaryotes and unicellular eukaryotes as
equivalent to a single cell of a
multicellular organism such as an animal
or plant. This is a  hideous
oversimplification but justified when the
points being made are general to all forms
of life. Major differences are noted.

The genetic blueprint for metabolic
capability

Metabolic capability is the ability of an
organism or cell to digest available food.
Obviously, the first requirement is that the
food should be able to enterthe cell which
sometimes  requires  specific  carrier
proteins to allow penetration across the
cell membrane. Once entered, the enzymes
must be present to catalyse all the
reactions in the pathway responsible for
degradation, or  catabolism. The
information for this metabolic capability,
is encoded in the DNA. The full genetic
information is described as the genome
and can be a single circular piece of DNA
as in bacteria, or may be linear and
fragmented into chromosomes as in higher
animals and plants. Additionally, many
bacteria carry plasmids, which are much
smaller pieces of DNA, also circular and

self-replicating.

DTO 3SHepreTuyeckas «BalllOTa» KIETKH, KOTOpas
MO3BOJISIET MEpPeJaBaTh SHEPrUI0, MPOU3BOAUMYIO
BO BpeMs pa3JIOKEHUs IMHUILIY, IPOLECCY, KOTOPbII
MOXKET MPOUCXOJUTHh B OTAAJEHHOM MECTe U
TpeOyet sHeprum. s kpaTkocTu 0O0CYXJeHUs B
TOW TJaBe paccMaTPUBAIOT METa0OIUYECKUE
IIPOLIECCHI TPOKAPUOT U OJJHOKJIETOYHBIX FYKapUOT
KaK JKBHUBAJEHT OJHOM KJIETKHM MHOTOKJIETOYHOI'O
OpraHu3ma, TaKOrO Kak >KMBOTHOE WJIM pPacTEHUE.
DTO  OTBpaTUTENIbHOE  YOPOILIEHHWE, HO OHO

OMpaBIaHO, KOTJa  BBICKA3bIBAEMBIE  MBICITH
SBIIAIOTCS  OOmUMU 111 BceX (OpM  KHU3HHU.
OTMeueHbl OCHOBHBIE OTIHYHS.

I'eneTnueckuii IUIaH MeTa00JIMYeCKUX
BO3MOKHOCTEM

Merabonuueckast CmoCOOHOCTh - 3TO CIIOCOOHOCTH
OpraHu3Ma Wi KIJIETKU MepeBapuBaTh JOCTYITHYIO
nuity. O4eBUaHO, TepBoe TpeOOBaHHE COCTOUT B
TOM, YTOOBI MMHINA MOTJIA IPOHUKATh B KIETKY, JJIS
4ero WHoOrAa TPeOYyHTCs CHenu(puIecKre OeTKu-
HOCHUTENH JUIsl IPOHUKHOBEHUS 4Yepe3 KIETOYHYIO
MeMOpany. Ilocie BBeneHHs (epMEHTHI IOKHBI
MPUCYTCTBOBAaTh, YTOOBI KaTaJIM3UPOBAaTh BCE
peaKIy MyTH, OTBETCTBEHHBIC 32 JETPAJAIUI0 I
KaTabOoIu3M. Nudopmanus 00 3TOM
MeTaboIMUeCcKOl CIOCOOHOCTH 3aKOJUpPOBaHA B
JHK. TIlomnas  reHermveckas  HHMOpMAIHS
OIMHMCHIBACTCSI KaK T'€HOM W MOXET OBITh OIHHUM
koibleBbiM (parmentom JIHK, kak y Oaktepui,
JIMHEWHOM u

1501051 MOYXET OBITH

(bparMeHTUPOBAaHHON Ha XPOMOCOMBI, KakKk Yy

BBICIIUX JKMUBOTHBIX M pacteHud. Kpome Toro,
MHOTHE OaKTepUM HECYT IUTa3MUJBI, KOTOpPHBIE
MPEACTABIAIOT CO00OH ropa3go Ooiiee MENKHe
¢dparmenter  JIHK,

TaKKEC KOJBLCBBIC n

CaMOBOCITPOU3BOAAIINCCA.
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These are vitally important in the context
of environmental biotechnology in that

they frequently carry the genes for

degradative pathways. Many of these

plasmids may move between different
bacteria where they replicate, thus making

the metabolic capability they carry,

transferable. =~ Bacteria ~ show  great

promiscuity with respect to sharing their

DNA. Often, bacteria living in a

contaminated environment, themselves

develop additional degradative capabilities.

The source of that genetic information new
to the organism, whether it is from
modification of DNA within the organism
or transfer from other microbes, or DNA
free in the environment, is a source of hot

debate between microbiologists.

DNA not only codes for RNA which is
translated into proteins but also for RNAs
which are involved in protein synthesis,
namely RNA (tRNA) and
ribosomal RNA (rRNA), also, small RNAs

transfer

which are involved in the processing of
rRNA. These are illustrated in Figure 2.6.
There have been many systems used to
describe the degree of relatedness between
organisms, but the most generallaccepted
is based on the sequence of the DNA
coding for ribosomal RNA, the rDNA
(Stackebrandt and Woese 1981). For
completeness, it is important to mention
the retroviruses which are a group of

eukaryotic viruses with RNA rather than
DNA as their genome. They carry the

Onu KHU3HCHHO Ba’XHbI B KOHTCKCTC
9KOJIOTHYECKON 6I/IOT€XHOHOI‘I/II/I, IMOCKOJIBKY YacCToO

HECYT T€Hbl MyTeil nerpaganuu. MHOrue u3 3TUX

TJ1a3sMu g MOTYT NnepeMeaTbCA MCKOY
pa3IMYHBIMU OakTepusMy, rie OHHU
pCILTUIMPYIOTCS,  TakuM  oOpa3oMm,  jenas
NEPEHOCHMYI0 ~ METa0OJIMYECKYI0  CIIOCOOHOCTD,

KOTOPYIO OHU HECyT. bakTepuu IEeMOHCTPHUPYIOT
00JIbIIIYI0 HEPA30OPUUBOCTH B OTHOILIEHUU OOMEHa

ceoeit JIHK. Yacto Oaktepuu, KuBYIIHME B

3arpsI3HCHHOU cpene, caMu pa3BHBAIOT

JOIIOJIHUTCIIBHBIC CIIOCOOHOCTH K Acrpaaanyu.

Hctounuk 3TON HOBOH IS opraHusma

reHETUYECKOM nHpopManuu, Ooyab TO

momudukanus JHK BHyTpm opranmsma wiam

nepegada OT Jpyrux Mukpo6os, winn JIHK,

cBOOO/MHAE B OKpyXKarolled cpene, SBISETCA

HUCTOYHUKOM rOpsiYuX CIIOpOB MEXKIY
MHUKPOOHOJIOTaMHU.
JHK xomupyer He PHK,

TOJIBKO KOTOpast

TpaHcnupyeTcss B Oenku, HO Takke u PHK,
KOTOpbIE Y4acTBYIOT B CHHTE3€ OENKOB, a HIMEHHO
PHK mepenoca (TPHK) u pubocomuyro PHK
(pPHK), a taxxxe manbie PHK, koTopsie yuacTByOT
B nponeccudre pPHK. DT1o nmoka3aHo Ha pucyHke
2.6. bbulo MHOro cucTeM, HUCIHOJb3YEeMBbIX IS
ONMCaHUsl CTENEHU POJICTBA MEXKIY OpraHU3MamH,
HO HauOoJiee pacpoOCTpaHEHHbIE U3 HUX OCHOBAHBI

Ha 1nochenoBarenpHoctn  JHK,

pubocomuyro PHK, pJ/IHK (Stackebrandt and

KOJIMPYIOLLEH

Woese 1981). Jlisi mOMHOTBI KapTHHBI Ba)KHO
YHOOMSIHYTh PETPOBUPYCHI, KOTOPHIE MPEACTABISIIOT
co0oif rpymmy 3ykapuorndeckux supycos ¢ PHK, a

He JIHK B xauectBe renoma. OHM HecyT
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potential for integration into inheritable
DNA due to the way in which they
replicate their genomic RNA by way of a
DNA intermediate.

Microbial diversity

Microbes have been discovered in
extraordinarily hostile environments where
their continued survival has made demands
on their structure and metabolic capability.
These organisms, frequently members of
the archaea, are those which have the
capacity to degrade some of the most
hazardous and recalcitrant.chemicals in
our environment and thus provide a rich
source of metabolic capacity to deal with
some very unpleasant contaminants. This
situation will remain as long as the
environments  which  harbour these
invaluable microbes are recognised as such
and are not destroyed.Microbial life on this
planet, taken as a whole, has an immense
capability to degrade noxious
contaminants; it is essential to maintain the
diversity and to maximize the opportunity
for microbes to metabolize the offending
carbon source.

Metabolic Pathways of Particular
Relevance to Environmental
Biotechnology

Having established that the overall strategy
of environmental biotechnology is to make
use of the metabolic pathways in micro-
organisms to break down or metabolise
material, this

organic chapter now

examines those pathways in some detail.

MIOTEHLIMAJ JJIs MHTerpauuu B Hacinenyemyo JJTHK
u3-3a croco0a, KOTOPbIM OHU PEIUITMLUPYIOT CBOIO
resomHyro PHK mnocpencTtsoM mnpoMexyTo4yHOTO

JTHK.

MuxkpoOHoe pa3zHooOpa3ue
MukpoObl ObTM  OOHAapY)KEHBI B YpE3BBIYANHO
nalpHenIee

BpaxaeOHOW  cpede, Tae  UX

BBDKMBaHHE  TpeOOBalO  UX  CTPYKTYpbl |
MeTa0O0JIMYECKHX BO3MOXXKHOCTECH. DTH OpraHU3MBbI,
9acTo SBISIONIUECS YICHAMH apXeu, 00JagaroT
CIIOCOOHOCTBIO pa3iiaraTh HEKOTOPBIC U3 HauOoJjee
OIIACHBIX M CTOMKHMX XHMHKATOB B Hallei
OKpY)Karollel cpeie U, TAKUM 00pa3oM, SBIISIOTCS
OoraTeIM HCTOYHUKOM META00IHUECKON
CIIOCOOHOCTH CHPABIATHCS C HEKOTOPHIMH OYCHB
HENPUATHBIMU 3arps3HuTesiMu. Takas curyanus
OyZeT coXpaHATHCS 0 TeX MOP, MOKa OKPYKAIOIIas
cpema, B KOTOpOW OOWTAlOT d3TH OecCIlieHHBIC
MUKpOOBI, OyJIeT NpHu3HaHA TaKOBOH W HE OyIeT
yHUUTOXXeHA. MUKpoOHas KU3Hb Ha TOH IUIaHETe,
B3ITOH B LIEJIOM, obnamaer OTPOMHOM
CIIOCOOHOCTBIO pa3iaraTh BPEIHBIC 3arpsSi3HUTEIH,
Baxno HOJJIEPKUBAThH pa3zHooOpa3zue u
MaKCHMaJIbHO YBEJIMYUTh BO3MOXHOCTH MUKPOOOB
yCcBauBaTh BPEIHBIA HCTOYHUK yTIIepo/ia.
Mera6oiuueckue NyTH, HMeOIHe 0c000e
3HAYeHHe IS IKOJOrHUYecKOH OHOTEeXHOJI0TruH
YcraHoBUB, 4TO OOIIas CTpaTerus SKOJOTHUECKOU
OMOTEXHOJIOTUM 3aKJII0YaeTCs B HCIIOIL30BaHUU
METabOIMYECKUX IMYyTeH B MHUKPOOPTaHWU3MAX JUIS
pacimeryieHusl Wik MeTadoJin3Ma OpPraHHYECKOTO
MaTepuanga, B OTOH TJaBe Temepb OTH IMyTH

paccmarpuBaroTcs 6osee moapooHo.
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Metabolic pathways operating in the
overall direction of synthesis are termed
anabolic while those operating in the
direction of breakdown or degradation are
described as catabolic: the terms
catabolism and anabolism being applied to
describe the degradative or synthetic

processes respectively. It has been
mentioned already in this chapter and it
will become clear from the forthcoming
discussion, that the eventual fate of the
carbon skeletons of biological
macromolecules is entry into the central
metabolic pathways.

Glycolysis

As the name implies, glycolysis is a
process describing the splitting of a
phosphate derivative of glucose, a sugar
containing six carbon atoms, eventually to
produce two pyruvate molecules, each
having three carbon atoms. There are at
in the

least four pathways involved

catabolism of glucose. These are the
Embden—Meyerhof, which is the one most
typically associated with glycolysis, the
Entner—Doudoroff and the
phosphoketolase pathways and the pentose
phosphate cycle, which allows
rearrangement into sugars containing 3, 4,
5, 6 or 7 carbon atoms. The pathways
differ from each other in some of the
reactions in the first half up to the point of
lysis to two three-carbon molecules, after
which point the remainder of the pathways
These

are identical. routes are

characterized by the particular enzymes

Mertabonuueckue MyTH, IEHCTByIOLIME B 00IIEM

HaIlpaBJICHUU CUHTE3a, Ha3bIBAKOTCS
aHa0OJMYECKUMH, TOT/Ia KaK IyTH, JEHCTBYIOIIHE
B HaIlpaBIICHUH

pacmaaa Ui Acrpaaanuu,

OIUCHIBAIOTCS KAaK KaTabDOJIIMYECKUe: TEPMHHBI
KaTaboau3M H aHAaOONM3M MPUMEHSIOTCS  JUIS
OIMCAHUsI MPOLECCOB JETpajalliil WIN CHHTE3a
COOTBETCTBEHHO. OO 3TOM YK€ YIOMMHAJIOCH B
9TOH IJIaBe, W ATO CTaHeT sicHo u3 [Ipencrosimas
JIMCKyCCHUSI O TOM, 4YTO OKOHYAaTeJbHas Cyabda
YTJIEPOAHBIX CKEJICTOB OMOJIOTUYECKUX
MaKpOMOJIEKYJI - 3TO BCTYIUICHHE B IICHTPAJbHBIE

MeTa00INYECKHE IIyTH.

I'nuxosan3

Kak ciemyer u3 Ha3BaHUS, TITUKOJIH3 - 3TO TPOIIECC,
OTHCHIBAIOINI paciernieHue dbocdaraoro
MIPOM3BOHOTO TIIIOKO3BI, caxapa, COJEp)KaIIero
[IECTh aTOMOB YIJIEPOJa, B KOHEYHOM HTOTE C
o0pa3oBaHMEM JIBYX MOJICKYJI TUpyBaTa, Kaxaas u3
KOTOpBIX HMMeeT Tpu aroma yriepoga. B
KaTabolu3Me TIIIOKO3bl YYacTBYIOT MO KpaiHei
Mepe OmMOieHa-

YeTblpe MyTU. ITO

MyTh
Meiiepxoda, KOTOpbIii Hamboyiee YacTO CBSI3aH C

TJIUKOJIM30M, OutHepa-lynopoBa  u

nyTH

(dhocdokeronazHbIit MyTh, a TaKxXe
neHTo30ochaTHBI IHKI, KOTOPBIA IO3BOJISET
[eperpynnupoBbIBaTLCS B caxapa, cojaepkaiue 3,
4, 5, 6 wiu 7 atromoB yriepoaa. Ilytu orinuuarorcs
Ipyr OT Apyra B HEKOTOPBIX PEaKkLHAX B IEPBOU
IIOJIOBUHE 10

MOMCHTa JIM3uca

JBYX
TPEXYTIEPOAHBIX MOJIEKYJ, IIOCJIE YETO OCTaJIbHbIE
MyTH HUJCHTUYHBL. OTU TYTH XapaKTEPU3YIOTCS

ornpeaeneHHbIMU (hepMEHTaMU
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present in the first half of these pathways
catalysing the steps between glucose and
the production of dihydroxyacetone
phosphate in equilibrium with
glyceraldehyde 3-phosphate. All these
pathways have the capacity to produce
ATP and so function in the production of
cellular energy. The need for four different
routes for glucose catabolism, therefore,
lies in the necessity for the supply of
different carbon skeletons for anabolic
processes and also for the provision of
points of entry to glycolysis for catabolites
from the vast array of functioning
catabolic pathways. Not all of these
pathways operate in all organisms. Even
when several are encoded in the DNA,
exactly which of these are active in an
organism at any time, depends on its
current metabolic demands and the
prevailing conditions in which the microbe
is living.

The point of convergence of all four
pathways is at the triose phosphates which
is the point where glycerol as glycerol
phosphate enters glycolysis and so marks
the link between catabolism of simple
lipids and the central metabolic pathways.
The addition of glycerol to the pool of
trioses is compensated for by the action of
triose phosphate isomerase maintaining
the equilibrium between glyceraldehyde 3-
phosphate  and  dihydroxy  acetone
phosphate which normally lies far in
favour of the latter. This is perhaps

surprising since it is glyceraldehyde 3-

MMPpUCYTCTBYIOT B nepBoﬁ IIOJIOBHHEC 3THX HyTeﬁ,

KaTaJIu3upya craanu MCKOAY TITFOK0301 n

MPOU3BOJICTBOM  JAWTHAPOKcHaeToHpochaTa B
paBHOBecHH ¢ Tiumepanpaerua-3-gpocdarom. Bee

9TU IIYyTU O6J'Ia,Z[aI-OT CIIOCOOHOCTBIO IMPOU3BOJUTH

AT® wu, TakuMm 00pa3oM, Yy4acCTBYIOT B
MIPOU3BOJACTBE KJIETOYHOU JHEpruu.
CnenoBarenbHO,  HOTPEOHOCTH B UEThIpEX
pasNUyHBIX ~ OyTsAX  KaTaOoiu3Ma  IUIFOKO3bI
3aKJIIOYaeTcss B HEOOXOAMMOCTH  CHAOXKEHMs
pa3IMYHBIMU  YIJIEPOJHBIMU  CKEJIETaMM I
aHa0OJIMYEeCKUX  MpPOIECCOB, a  TaKke B

oOeclieyeHNH TOYEK BXO4a B TIJIMKOJIUM3 JOJId

KaTaboJINTOB u3 OIPOMHOI0 MHO€ECTBa
byHKIMOHHMpYIOIMX KaTabonmudeckux myted. He
BCE 3TU NIYTHU JACUCTBYIOT BO BCEX OpraHU3Max.
Jlaxke Koraa HEKOTOpble M3 HHMX 3aKOAMPOBaHbI B
JHK, To, kakue HMEHHO M3 HHMX aKTUBHBI B
opraHusmMe B J000€ BpeMs, 3aBUCUT OT €ro
METa0O0IMYECKUX

TEeKYINX noTpedHoCcTeEl U

npeolaaalouX yCIOBUM, B KOTOPBIX JKUBET
MHKPOO.

Touka CX0XKJIeHUs BCEX YEThIpEX IyTEH HaXOAUTCS
B Tpuo3odocdarax, KOTOpbIE SBISIOTCS TOYKOMH,
rze TIULEepUH B BUJE TauLepuHdocdara BeTynaeT
B IJIMKOJIN3 M, TaKUM 00pa3oM, OTMEYaeT CBA3b

MCKOY KaTabOJIM3MOM MNpOCThIX JIMIIMAOB U

HCHTpaJIbHBIMU MeTa00InYEeCKUMHU nyTAMHA.

JloGaBnenne  riMuepuHa K = Oydy — TPHUO3
KOMITEHCUPYETCS neicTBUEM TPHO30
docdaruzomepassl, MOI/IEP>KUBAIOIIIEH

paBHOBECHE MEXIy TIHIEpaTbAeTua-3-pocharom
U JIUTHAPOKCH aneToHpocdaTroM, 4To OOBIYHO B
3HAYUTENIBbHOM CTENEHM B MOJIb3Y MOCIEIHEr0. JTO,
BO3MOJXKHO,

YAUBUTECIIBHO, IMOCKOJIbKY 9TO

rMIepaibaerua 3-
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phosphate which is the precursor for the
subsequent step. The next stage is the
introduction of a second phosphate group
to glyceraldehyde 3-phosphate with an
oxidation, to

1,3-diphosphate.  The

accompanying produce
glyceraldehyde
oxidation involves the transfer of hydrogen
to the coenzyme, NAD, to produce its
reduced form, NADH. In order for
glycolysis to continue operating, it is
essential for the cell or organism to
regenerate the NAD+ which is achieved
either by transfer of the hydrogens to the
cytochromes of an electron transport chain
whose operation is associated with the
synthesis of ATP, or to an organic
molecule such as pyruvate in which case
the opportunity to synthesise ATP is lost.
This latter method is the first step of many
different fermentation routes. These occur
when operation of electron transport
chains is not possible and so become the
only route for the essential regeneration of
NAD+. Looking at the Embden—Meyerhof
pathway, this is also the third stage at
which a phosphorylation has occurred. In
this case, the phosphate was derived from
an inorganic source, in a reaction which
conserves the energy of oxidation.

The next step in glycolysis is to transfer
the new phosphate group to ADP, thus
producing ATP and 3-phosphoglycerate,
which is therefore the first substrate level

site of ATP synthesis. After rearrangement

to 2-phosphoglycerate and dehydration to

dochar, KOTOpBIA SABISETCS NPEALIECTBEHHUKOM
g nocneayomen craguu. ClieqyromuM 3TarnoM
SBIISIETCS BBEACHUE BTOPOHl (hocdaTHOM Tpynmusl B
rmnepanpaerua-3-gocdar ¢ COMyTCTBYIONIUM

OKHCJIEHHEM ¢ oOpa3zoBanueMm 1,3-gudocdara

rimuepanpaernga. OKuciaeHue BKIOYaeT nepegady
Bosopona kopepmenty HAJl ¢ obOpazoBaHueM ero
bopmbl HAJIH. st

IpOOOJIKCHUA pa6OTI>I T'JIMKOJIM3a BaKHO, 9TOOBI

BOCCTAHOBJICHHO

KJIETKa WJIM OpraHusM pereHepupoBaiu NAD +,
YTO JOCTHUTaeTcs JHUOO IyTeM IepeHoca aTOMOB
BOJIOpOJIa HA  IUTOXPOMBI IIEMH  IEPEeHOCca
3JIEKTPOHOB, paboTa KOTOPOH CBs3aHA C CHHTE30M
AT®, mubo ¢ opraHuyeckas MOJIEKYJa, Takas Kak
MUPYBAT, U B ATOM Cllydae TepsieTCss BO3MOKHOCTh
cuHTesupoBath AT®D. DTOT mNOCIEAHUI MeToA
SIBJISICTCS MEPBBIM 3TAallOM MHOXECTBA Pa3JIUYHBIX
crnoco6oB (epMeHTanu. ITO MPOUCXOAUT, KO/
paboTa menei nmepeHoca 3JIEKTPOHOB HEBO3MOJXKHA,
U TIO9TOMY OHHM CTAQHOBSITCS €AMHCTBEHHBIM IyTEM
JUIsl cyliecTBeHHOM pereHepanuu NAD +. Eciou
nocMoTperb Ha myth Embden-Meyerhof, To 31O
TaKXKe TPEThs CTaausi, Ha KOTOPOH MPOUCXOIUT
dbochopmmmpoBanre. B 3tom cimydae ¢ocdar Obut
UCTOYHHUKA B

IOJIY4CH M3 HCOPraHUYCCKOTO

pCaKluu, COXpaHHIOIHGﬁ OHCPIUur0 OKHUCICHHA.

CJ'IG,I[yIOH_II/IM miaroMm B TIJIMKOJIHU3€  ABJIACTCA

nepeHoc HoBou (ocdaTtHoi rpynnel Ha AJlD,
TaKuM AT® wu 3-

o0pa3oM  TPOU3BOISA

dochormumepar, KOTOPBIH, CJIEI0BATEIIBHO,
SIBIIICTCSL TIEPBBIM CAaHTOM CYOCTPaTHOTO YpPOBHS
cunteza AT®. Ilocne mneperpynnupoBku 10 2-

dbocdornuiepaTa U IeTUIPATALINH 10
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Phosphoenol pyruvic acid, the second
phosphate is removed to produce pyruvic
acid and ATP, and so is the second site of
level ATP

substrate synthesis. As

mentioned above, depending on the
activity of the electron transport chains
andthe energy requirements of the cell
balanced against the need for -certain
metabolic intermediates, pyruvate, or its
derivatives may now be reduced by
accepting the hydrogen from NADH and
so continue on a fermentation route or it
may be decarboxylated to an acetyl group
and enter the TCA cycle. The overall
energy balance of glycolysis is discussed

later when considering chemical cellular

energy production in more detail.

TCA cycle

Pyruvate decarboxylation produces the
acetyl group bound to Coenzyme A, ready
to enter the TCA cycle otherwise named
Kreb’s citric acid cycle in tribute to the
scientist who discovered it. Not only is this
cycle a source of reduced cofactors which
‘fuel’ electron transport and thus, the
synthesis of ATP, but it is also a great
meeting point of metabolic pathways.
Cycle intermediates are constantly being
removed or replenished. During anaerobic
fermentation, many of the reactions seen in
the TCA cycle are in operation even
though they are not linked to electron

transport.

®ochoeHon NHUPOBUHOTpAHAS KHUCIOTA, BTOPOM

docdar

NUPOBUHOTpaAHON KuciaoTel U AT®, u, takum

yJansercs c o0pa3oBaHHEM
obpa3om, 31O BTOpOi caiit cuHTe3a ATD Ha
ypoBHe cyOcTtpata. Kak ynomuHanoch Bblille, B
3aBUCUMOCTH OT aKTHUBHOCTH LeNei mepeHoca
AJIEKTPOHOB U MOTPEOHOCTU KIETKU B SHEPruu,
cOaTaHCUPOBAaHHOMH C YYE€TOM TMOTPEOHOCTH B
OINpPENICJIEHHBIX ~ IPOMEXYTOUHBIX  HPOAYKTax
MeTaboau3Ma, MUPYyBaT WIM €ro IMpPOU3BOJAHBIC
Tenepb MOTYT OBITh YMEHBIICHBI MTyTE€M MPHHSATHUS
Bogopogqa w3 HAJIH wu, Takum oOpa3owm,
HPOAOIDKEHUS MyTH (epMEHTALUU. UM OH MOKET
OBbITH JIeKapOOKCUIMPOBAH /10 aleTHJILHOW TPYIIIbI
u BeTynuTh B 1uki TCA. OOuuil 3HepreTudeckuit

OaylaHC TIUKOJIM3a 00CYXIaeTcs Mo3XkKe Mpu Oosee

MoAPOOHOM PacCMOTpPECHUH XUMHYECKOTO
MTPOM3BOJICTBA YHEPTUU KIICTKAMHU.

HNuxa TCA

JlexapOOKCUITMPOBAHHE nupyBata JaeT

alleTWJIbHYIO TPYIIY, CBS3aHHYIO C KOPEPMEHTOM
A, roroByro Bcrymuth B nuki TCA, wunHaue
Ha3bIBACMbIM IIMKJIOM JIMMOHHOM KuCIOThl KpeOa,
B YECTh OTKPBIBIIEIO €r0 YY4E€HOTO. DTOT LMK HE
TOJBKO SIBJISIETCS MCTOYHUKOM BOCCTAHOBJIEHHBIX
KO(aKTOPOB, KOTOPBIE «IOJMUTHIBAIOT) TPAHCHIOPT
JJIEKTPOHOB M, TakuM oOpa3om, cuHTe3 AT®D, HO
OH TaKXXe SIBIIACTCS OTJIMYHBIM MECTOM BCTPEUYHU
MeTtabonuueckux myted. [IpomexyTouHbie 3BEHBS
LMKJIA TIOCTOSHHO YHAISIOTCS WM TOMOJIHSIOTCS.
Bo Bpemsi aHa’poOHOU ¢epMeHTaluu MHOTHE U3
peakuuii, HabmonaeMbIx B mukie TCA, TeHCTBYIOT,
JaXXe €CIIM OHU He

CBA3aHbl C IIEPECHOCOM

QJICKTPOHOB.
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