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IHPEAUCJIOBHE

JlanHoe yueOHOe mocoOue mpe/araeTcsi CTyAeHTaM MarucTpaTypbl HHCTUTYTa
TEXHOJIOTHH 0 HAMIPABJICHUIO MOTOTOBKH « XMMUYECKas TEXHOIOTUSD IS H3YYCHUS

AKaJCMHNYCCKOI'O aCIICKTa AQHTJIUMCKOTO S3bIKA.

OcHoBHOM 3amayeil Kypca «AHTIIMHCKUIA SI3bIK» SIBJISIETCS  OOydeHue

PaKTUYECKOMY BJIAJICHUIO HAYYHOU peubio B cpepe MpodhecCuoHaNbHOro OOIIEHHUS.

OcHOBOM MOCTpPOEHUS] MPOrpamMMbl OOYUYEHUS SIBISETCA HampaBleHUE, WIH
aCIIeKT, «s3bIK JJI crenualbHbIx menei» (Language for Specific Purposes - LSP).
JlaHHBIM acmeKT MpeAnojaraeT pa3BUTHE HABBIKOB, HEOOXOAMMBIX IS OCBOCHMSI
COOTBETCTBYIOILIETO PETUCTPA PEUH.

[lenpro 1aHHOTO Kypca SIBJISETCS MOJATOTOBKA BBICOKOKIACCHOTO CHEIHaINCTa
MEXIyHApOAHOTO YPOBHS, OJTHOM M3 COCTABIAIOIINX B Oyayiiei mpodeccnoHanbHOM
JESITEIbBHOCTH KOTOPOTO CTaHET SI3bIKOBAasi TPAMOTHOCTh M KyJIbTypa peuu. 3ajaud,
CTOSIIIIUE Tepel] CTYJAEHTOM: 3aKpEIJICHUE HaBBIKOB MPaBUJIBHOTO AaHTIUNHCKOIO
npousHomenus (Oxford English); 3Hanume ocoOGeHHOCTEH NOCTPOEHUs HAy4YHO-
TEXHUYECKUX TEKCTOB U3 OPUTMHAIBHBIX HICTOYHUKOB U OBJIAJICHUE TEXHUKON pabOThI
C HUMU; CAMOCTOSITEJIbHBIN MOUCK U U3BJICUCHNE UH(POPMAIIMA HA THOCTPAHHOM SI3bIKE
u e€ JmanpHelIIee NpuMeHeHne B mpodeccuoHanbHOl cepe; ymeHue noaaepxarh u
BecTu Oecelly ¢ 3apyOeKHBIMH CIIELUATUCTAMU Ha TEMBI IIUPOKOTO CIIEKTPA, C YUYETOM
Pa3IMYHBIX JAEJIOBBIX KYJIBTYD.

B acnekTe «s3bIK JJIs CHEIUANIbHBIX II€JIei» OCYHIECTBISIETCS: pa3BUTHE Ha-
BBIKOB YTEHHS CIEUUAIbHOW JIMTEpaTyphl C LENbI0 MOJTy4YeHUs MH(popmanuu; 3Ha-
KOMCTBO C OCHOBaMH IE€pPEBOJIa JIUTEPATYpPhl MO crnennaabHoCcTH. OO0yueHue sI3bIKy
CHEUAaIbHOCTH BEAETCS Ha MaTepualie MPOU3BEICHUN peur Ha npodecCuoHaIbHbIC
TEMBI.

OcBoenne ydamumucs (OHETUKH (AJi1 MPABWIBHOTO UYTEHHUS YYalIUMHCS
ab0peBuaTyp U XUMHUYECKUX (POpMyIT), TpaMMaTUKH, CHHTAKCHCa, CIOBOOOpa30BaHuUs,

COUYETAaeMOCTH CJIOB, a TaK)X€ aKTHMBHOE YCBOCHHE HambOojee ymnoTpeOUTeIbHOU



JCKCHKHU H (I)paseonomﬂ AQHTJIMMCKOTO S3bIKa IMPONCXOAUT HE B BHUAC 3aydHMBAHUA
CBOJa IIpaBHJI, a B IMPOLCCCEC pa6OTBI Haad CBA3HBIMH, 3aKOHYCHHBIMHU B CMBICIIOBOM

OTHOLICHHNH TCKCTaMMU.

OO0y4eHue npeaycMarpuBaeT: a) popMupoBanre GoOHEMATHUUECKOTO ClIyXa I0-
CpencTBOM ayaupoBaHus; 0) popMupoBaHUE MPAKTUUECKUX HABBIKOB U YMEHHM UTe-
HUS ¥ TIEPEBOJIa; B) Pa3BUTHE YCTHOW peYH; I') OTPAOOTKYy IpaMMaTHYECKOTO MaTe-
puajia ¢ MOCIeIyIONIMM HCIIOJIb30BaHUEM B Pa3rOBOPHON peun; 1) (popmupoBaHHe
HABBIKOB CAMOCTOSITEIBHOU PaOOTHI.

B mporpaMMy caMoCTOATENbHOW pabOTHI CTYJACHTOB BXOASIT OCBOCHHE
TEOPETUYECKOT0 W  MPAKTUYECKOTO Marepuaia, pa3o0paHHOTO BMECTE C
MpPErnoiaBaTesieM Ha 3aHSTHUSAX, MOJATOTOBKA K MPAKTUYECKHM 3aHATUSIM B (opme
CJIOBapHOW pabOThI CO CTaTheH, 3alIOMUHAHKE TPOU3HOIICHUS U HAIMMCAHUS HOBBIX
CJIOB Y BBIPOKEHUM, TOCTPOCHUE W pa3yYHBaHUE JUAJIOTOB MO YYEOHON IporpaMme,
dbopMUpOBaHHEe YMEHUH CBOOOJHO BBIPAXATh MBICIH Ha W3y4aeMOM S3BIKE,

COCTaBJIATBh 3CCE U ACJIaTh IIPE3CHTALHUIO I10 BaHaHHOﬁ TEMCE.
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Yacrs I. DOHETUKA

AHIIMUCKUA a(aBUT

[er]
[ bi: ]
[ si: ]
[ di: ]
[i]
[ef]
[ d3i: ]
[ertf]
[ar]
[ dzer ]
[ ker ]

[el]
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[ ti: ]
[ju: ]

[ vi:]

[ 'dablfju: ]
[ eks ]

[ war ]

[ zed ]



YreHne OKOHYAHUS -S (-€S)

=S qUTacCTCA [Z] ITOCJIC TJIaCHBIX 1M 3BOHKHUX COI'JIACHBIX:

lives, mills, stands, forms, stays, tries, trees, goes, studies, cars

[s] mocie riryxXux COryIacHbIX:

likes, parents, flats, stops, asks, maps

[1Z] mocne munAmmux ¥ CBUCTAIIUX 3BYKOB [S, Z, [, 1, 3, &3]:
sizes, boxes, watches, bridges, colleges, washes, wishes, gases,

a'ddresses, pages, uses, branches, classes

HpuMettaHue . IOMHHUTEC, YTO OKOHYAaHHCEC -S OBIBacT Y CYHICCTBUTCIIbHBIX U

T'JIarojos.

He cnenyer nmyrars:
® y CYIICCTBUTEIILHBIX OKOHYAHHE -S — MPU3HAK MHONCECBEHHO20 TUCTIA:
papers (Oymaru, 1oKyMeHTbl), books, students, forms (¢popmnsi), lights

(orHM);

¢ Yy CYmCCTBHUTCIIbHBIX OKOHYAaHUC -'s — IIPU3HAK NpUmANCAmerbHo2co

najexa (oTBedaeT Ha Bompoc 4ei?). CpaBHUTE:

my friend MOU JIpyT

my friends MOH JIPY3bs

my friend's work paboTa Moero Jipyra
my friends' work paboTa Moux apy3eit



® y TJIaroJIOB OKOHYAHUE -§ — MPU3HAK TPETHETO JINIA e0UHCINEEHHO2O
yucia Bo BpemeHnu Present Simple: he (she) reads — on (oHa) uurtaer, he
(she) knows — oH (oHa) 3HaeT, he (she) goes — on (onHa) unér, he (she, it)
lights — on (oHa, OHO) OocBemIaeT, it snows — uzét cHer, he (she, it)

influences — oH (OHa, OHO) BITUSET.

3amanue 1.

HpO‘ITI/ITC CJICaYOImue CJIoBa:

advises, matches, prizes, sheets, thinks, works, photos, stories, shows, throws,
pulps, cooks, rises, 'services, causes, forces, cities, maps, pages, judges, passes,
sciences, tries, answers, presses, places, praises, stops, asks, wishes, takes,
papers, fibers, chemicals, inches, roots, de'velops, 'surfaces, pro'duces, makes,
wastes, 'furnaces, 'purposes, woods, 'processes, 'influences, bags, 'methods,
'differences, 'differs, 'offers, su'ggests, pro'poses, studies, reaches, runs,

scientists.



Yr1enue oxkoHdYanusda -ed

-ed u4wmraercs [d] mociie 3BOHKMX COTJIACHBIX U INIACHBIX:
formed, dried, tried, closed, played, studied, changed, functioned,

contained, used, planned, employed

[t] mociie TiyXux coryacHbIX:

worked, watched, stopped, helped, liked, stressed, forced,
walked, cooked, pulped

[1d] mocne cormacHeIx t u d:
waited, invited, wanted, decided, visited, de'manded, com'pleted,

su'pported, acted, di'rected, consisted, 'limited, tested, resulted

3aganue 2.

[Ipouture caenyrouume ciaosa:

washed, di'vided, de'veloped, burned, im'proved, ab'sorbed, pro'duced, helped,
learned, 'regulated, mixed, 'generated, 'operated, pro'vided, liked, in'tended,

turned, ex'tracted, com'bined, suited, bleached, 'separated, 'processed, trained,
con'verted, solved, missed, di'ssolved, re'mained, in'cluded, heated, produced,
po'lluted, 'influenced, manu'factured, con'taminated, changed, looked, littered,

a'ttracted, dropped, e'quipped, printed, planted, warmed, lasted.



Yacrs II. [PAMMATHKA

MEPEBO/I IBYUJEHHBIX 1 MHOTOWIEHHBIX
ATPUBYTHUBHBIX CJI0BOCOUYETAHMIA, BLIPA’KEHHBIX
CYIECTBUTEJbHBIMH
("IHEMOYKHU" CYIIECTBUTEJbHBIX)

Uncempykyus I JIByuneHHBICE WM MHOTOYJICHHBIC aTPUOYTUBHBIC CIIOBOCO-
YeTaHusl, WM "IENOYKU" CYIIECTBUTENbHBIX, — 3TO CJIOBOCOUYETAHUS, COCTOSIIUE U3

CYIICCTBHUTCIILHOI'O U OHpCI[CJICHHfI, PaCIOJIOKEHHBIX CJICBA OT HETO.

B kauecTtBe j1€BOTO OIIpCACIICHUA MOT'YT OBITh cyujecmeumelibHole (OT ABYX OO0 IIATH
NN IHCCTI/I). CYH_ICCTBI/ITCJ'IBHLIM MOTYT MNpCAIICCTBOBATL: IMPpUJIAraTCjibHOC,
mpu4acTuc, MECCTOMMCHUC HJIM YHUCIMUTCIBHOC, a TAKXC COUYCTAaHUSA H3 I3THX CJIOB,

COETMHEHHBIE AePHCOM.

Heob6xoaumo oOpaTuTh BHUMaHHUE HA TO, YTO BHYTPH TAKOTO COUCTAHUS C108A He
omoejienvl Opy2 om 0py2a HU ApmMuKIAMU, Hu NPpeodni02amu, HU 3ansamvlMu:

strong acid pump;

white water treatment equipment;

high consistency oxygen bleaching system.

Jlns mepeBoAa "uenoyku" CyIIECTBUTENIbHBIX Ba)XHO HAWTU B HEHM OCHOBHOE
cioBo. [lomuute, 4T0 OCHOBHBIM crogom 000N "HEenoyku" CyIIeCTBUTEIbHBIX,
ABIISIETCSL NOCNIeOHee CYWecmeumebHoe, ¢ KOmopo2o U cledyem HA4uHamv aHauiu3
Takoil "nenouku". Bee CyllleCTBUTEIBHBIE U APYTHUE YACTU PEYH, CTOSIIUE CIeBa OT
OCHOBHOTO CJIOBA, SIBJISIOTCS onpedeiieHusmuy K Hemy (0TBeYaroT Ha Bompoc "kakoin?",
"kakue?"). CripaBa OT OCHOBHOTO CJIOBA, YKa3bIBasi Ha TO, UTO "1enoYKa" 3aKOHUMUIIACH,
MOXET CTOATh HOBBIM apTUKJIb, MPEJIJIOT, MECTOMMEHHUE, MPUJIaraTeIbHOE, IPUYACTHE

HJIM T'J1aroj-CKa3yeMocC € nMpeAcCTBYIOIUM HApCIUEM HUIIN 0e3 Hero.
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1. Ilepeeoo osyunennvix cnosocouemanuit ("yenouxku'" cocmosam u3z o06yx

cyuiecmeumesibHolx).

Hucempyxyus 2. IlepeBol IBYWIEHHBIX CJI0BOCOYETAHUMN HAUUHAEM C NOCIEOHEe20
cywecmeumenvHo2o, a  CyLIECTBUTEIbHOE, CTOSLIEE  CJIEBA, IEPEBOAUTCSA

cywecmeumeslbHblm 6p0()1/lm€./leOM naoeoice.

O6paszer: 1) pulp quality - Ka4eCTBO LIEJITIOJIO3HI;
2) water level - YPOBEHb BOJbI;
3) wood consumption - pacxo APEBECUHBI;
4) cooking time -IIPOJIOKUTENHFHOCTh BapKH;

a) stock (BoJIOKHMCTasi Macca) preparation;
stock temperature;
stock production;
sheet properties;

sheet formation (popmoBanue).

Hnempykyusa 3. B "nenouke", cocTosie U3 IBYyX CyHIECTBUTEIbHBIX, IEPBOE

IECPCBOJUTCA npujiacameibHbiM.

Oo6paserr: 1) wood fiber - IPEBECHOE BOJIOKHO;
2) gas bleaching - razoBas ot0enka;
3) cooking acid - BapOYHas KUCIIOTa;
4) paper stock - OyMakHas Macca;

wood chips; acid digester; wood species (mopoma); sulphite digestion; oxygen
bleaching; stock pump; laboratory tests; spruce chips; bleaching plant (otaein); hand

operation; pine chips; water vapor; cooking process; bag paper.

Hnempykyus 4. 1lepeBoa "uenoyku" CymecTBUTEIbLHBIX HAUMHAEM C MMOCJICTHETO
CYIIECTBUTENIBHOTO, & IEPBOE MEPEBOIUM CYUYECMBUMENILHBIM C NPEOSI020OM (8, U3, Ha,

o151 U Op.).
11



Oo6paserr: 1) hardwood pulp - memtroa03a ©3 TUCTBEHHOU JPEBECUHBI,
2) drying costs - 3aTpaThl Ha CyniKy (3aTpatbl, CBI3aHHBIC C
CYILIKOW);

3) pollution control - 6opb0a ¢ 3arps3HeHuEM;

digester pressure; softwood pulp; acid (kucmas cpena) hydrolysis; linen (mpHSIHOE

Tpsnbe) paper; board products; evaporator (ucnaputens) gases; hardwood sulphite

pulp.

1I. Ilepeéoo mnozounennwvix ciosocouemanuii ("yenouxku' cywecmeumenbHvix

cocmoam u3 mpex u 60J1ee cywyecmeumenbHulX U Opy2ux yacmeil peuu).

Hucmpyxkyus 5. Ilpu nepeBosie MHOTOUYIEHHBIX CJIOBOCOUYETAHUN PEKOMEHTYEM:
1) mepeBectu nocneaHee CyUECTBUTENbHOE "IETOYKH";
2) pa3OUTh OCTATILHYIO YACTh CIIOBOCOUYETAHUS HA CMbICI08blE 2PYNNbL Y TIEPEBECTU
UX (BHYTPHU CMBICJIOBOM IpyNIIbl aHAIN3 IPOBOAUTCS CJIEBA HAMPABO);

3) mepeBecTH Bce CIOBOCOUYETaHME (BCIO "LIenouky'"), cienys crpaBa HajlIeBo.

Oo6paserr: 1) stock mixing| system — cuctema Jjisi CMEIIMBAHUS MACCHI;
2) wood fiber| products — u3genus u3 IpeBeCHOTO BOJOKHA;
3) water quality| results — pe3ynbTaThl IO KAYECTBY BOJIbI;
4) stock preparation| machine operation — paboTta ManIMHBI 1O
MIPUTOTOBJICHUIO MACCHI.
B nmaHHBIX CcIOBOCOYETaHUSX - MO JBE CMBICIOBBIE Tpymnmbl. OCHOBHOE CIIOBO

BBIJICJIEHO KYPCUBOM.

12



[lepeBenure, cnemyst MHCTPYKIUHA S.

a)

chip packing (ymiotHenue) device;

strong acid pump;

stock preparation machine;

paper machine operation;

fiber suspension flow;

b)

paper formation (¢opmoBaHue) time;
chlorine dioxide generation (oOpa3oBaHnue);
pulp preparation operation (mpoiiecc);
steam flow rate;

headbox (HamopHsIif s1UK) control (peryaupoBanue) system;
c)

chain (uens) length distribution (pacnpenenenue);
fiber length distribution;

chemicals recovery system,;

heat transfer (mepemnaua) coefficient;

water conservation costs (3aTpatsi);

d)

fiber wall thickness;

cooking liquor circulation;

gas diffusion constant;

quality control method;

paperboard test (ananu3) result;

e)

plant design changes;

cooking liquor pressure;

stock preparation equipment;

air pollution (3arpsizHenue) problem,;
13



air pollution abatement (ymeHbIlIeHHE);

water purity level (cTenens).

O6pazen:  sodium base| sulfite pulping
Sulfite pulping — cyneduTHas Bapka;
Sodium base — HaTpreBOE€ OCHOBAHUE;

= CYJII)(I)I/ITHa}I BapKa Ha HATPUCBOM OCHOBAHMHU.

[lepeBenute, UCONB3Ys 0Opa3elr:

various cooking liquor composition;

high yield sulfite pulp;

constant vapor phase region;

ammonia base sulfite pulping;

caustic soda recovery (pereneparus) system;
white water (o0opoTHast Boja) treating equipment;
paper mill steam supply (obecnieuenue);

particle size distribution determination;

calcium base cooking liquor.

Hucmpykyuss 6. Ecmm  "nenouka" — CyHIIECTBUTENBHBIX — HAYUHAEmcs: €
npuiaeamenbHo20, HEOOXOOUMO OOpaTUTh BHMMAaHUE HAa TO, K KAKOM)Y ClO8Y OHO

OMHOCUMCAL.

Oo6paserr: 1) high yield pulp — niemtr0103a ¢ BRICOKUM BBIXOJIOM;
2) new sheet structure — HOBasi CTpyKTypa JINCTA;
3) maximum cooking temperature — MakCUMaJIbHas

TeMIlepaTypa BapKH.
14



Hnempykyuss 7. B coctaB  "nenmodku" CyIIECTBUTEIBHBIX B KAauyeCTBE
OmpeneneHusi MOTYT BXOJIUTb  UYUCIUTEIbHBIE, MECTOMMEHHS, MpPUYACTHS,
CYIIIECTBUTEIILHBIE B IPUTSKATEIBHOM Majiexe U T.1. OOpaTuTe BHUMAHUE, K KAKOMY
c108y amu onpedeneHus omuocsamces. IIoMHUTE, YTO 0OCHOBHOE C1080 CI0BOCOUEMAHUS

— nocneounee cywecnmeumeilibHoe.

O6paszer: 1) this high pressure steam— 3TOT map BbICOKOT'O J1aBJICHUS;

2) rate determining factor — hakTop, onpenenstonuii CKOPOCTh.

Hnempykyuss 8. NHorma oaHO U3 CJIOB  "IEMOYKU" CYIIECTBUTENIBHBIX

HEOOXOIUMO MEPEBECTH NOACHAIOWUMU CIOBAMU (2PYNNOU CO8).

Oo6paserr: 1) paperboard machine — mammna dis vipabomxu kapmona,
2) chipping operation — npeanpusTue, ocyuecmeanaoujee
3a20MOBKY Wenvl,

3) bark products — npoayKThI nepepabomru Kopoi.

15



CTPAJATEJBHBIN 3AJIOT TJIATOJIOB
(THE PASSIVE VOICE)

Hncmpyxkyus 1. CtpagaTenbHbI 3a0T [JIaroya ynorpedssercs B TOM clydae,

€CJIM CaMO nooaedxcaujee He oeticmayem, NEUCTBUE COBEPIIACTCA HAO HUM.

I'marosi-ckazyemoe B CTpaJaTeIbHOM 3aJ0I'€ MOXHO HalTH B NPEJIOKEHUH I10
BCIIOMOTI'aTeJIbHOMY TJ1aroity "'to be'' B COOTBETCTBYIOLIEM BPEMEHH, JIULIE U YHUCIIE U

Past Participle (npu4acTuio IpOUIEAIIETO BPEMEHH CMBICIOBOTO IJ1aroja).

Ilpumeuanue 1
Past Participle (Participle II) ob6pa3yetcst myTem npubaBieHUs OKOHYAHUS -ed K
MPaBUJILHBIM TJIarojam. Ecim riaron HempaBWIbHBIN, yHOTPEOIseTcs ero 3-1 gpopma

(built, taken, written...). Pekomenayem noBToputh 3 (hOpMbI HEMPABUIIBHBIX [JIar0JIOB.

Ilpumeuanue 2

OOpaTtuTe BHUMaHUE Ha TO, uTO Past Participle mpaBMIIBHBIX TJIar0JI0B COBMAIAET
o ¢opme co BpemeHeMm Past Simple (produced, achieved). Onpeaenuts uX MOXKHO
tobko B KoHTekcTe. (IlompoOnee o Past Participle cMm. B paszmene, mOCBAIMEHHOM

IPUYACTHUSM).

16



Taoauna 1
CrpanaresibHbliil (IaCCUBHBI) 327101

O6pa3zyercs: rnaroin to be (B cooTBeTcTBYIOIEM Bpemenn) + Participle 11

[IpaBuiia u cmocoOwl epeBoaa [Tpumep ITepeBon

1. CTpagaTenbHBIi 30T MOKA3bIBAET, UTO He was given a task. Emy nanu 3ananue.
JEUCTBUE TJIarojia-ckazyemMoro HarpaBJieHO Ha

JIUIIO WJIM TIPEAMET, BRIPKEHHBIN MOJIJIEKAIITUM.

B paze ciyuaes nojiesxaliee nepeBoauTes We were informed that a new Hac undopMupoBau, 4To HOBas

HPAMBIM HITH KOCBEHHBIM JTOIIOJIHCHIEM 1 idea had been advanced recently. | unes Oblia BHIIBUHYTA HEJABHO.

CTaBUTCA, COOTBETCTBCHHO, B q)OpMC

BUHUTCJIBHOI'O NJIX JAaTCJIIBHOI'O IMaaciKa.

2. Ecnm mocne riarosia B TacCUBE €CTh The calculation is done by | [logcuérer nenatorcs

JonoJaHeHue ¢ npenjgorom by uinu with, To ono | computer programs. KOMIIBIOTEPHBIMY NMPOrPaMMaMHU
YKa3bIBa€T, KEM WJIM YEM ITPOU3BOJAUTCS (mpu moMoIIU KOMITbIOTEPHBIX
nevicteue. [Ipeanorn nepeBoasITCsS «IyTéM», MIPOTPaMM).

«TPH TIOMOIILNY, KIIOCPEICTBOMY JINOO The production line is supplied | I[Ipou3BoacTBEeHHAS TUHUS
COOTBETCTBYIOT TBOPUTEIBHOMY ITAIEKY U HE with raw material. CHA0XKAETCsI CHIPBEM.
NEPEBOISTCS.
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IIponosxenue Tad.. 1

[IpaBuna u cnocoObl epeBoaa

[Ipumep

[TepeBon

3. CoueranueM raarona «ObITh» C KpaTKUM
CTpaaTeNIbHBIM ITpUYACcTHEM C cyppuKcamu
-H- WK -T-. [ 1aron «ObITh» B HACTOSIILIEM

BPCMCHU OITyCKaCTCs.

The mill is built by the workers.
are built
was built
were built
has been built
have been built
shall/will be built
will be built

dabprka mocTpoeHa pabOUNMHU.
TIOCTPOCHBI
OblIa MOCTpOCHA
OBLITN TTOCTPOCHBI
ObLJIa TOCTPOCHA
OBLIH TOCTPOCHBI
OyJlleT mocTpoeHa

OyIyT MOCTPOCHBI

4. I'marojioM Ha -¢sl B COOTBETCTBYIOILIEM

BpCMCHH, JTULEC 1 YUCIIC.

The goods are being sold with
profit.

were being sold

OTH TOBaphl MPOJAKTCS C
PUOBLIBIO.

NpoJaaBaJIUCh

5. I'maronom AeiiCTBUTENBHOIO 3aJ10ra B 3-M
JINII€ MHOKECTBEHHOI'O YHCJIa, B

HeOHpeI[eHéHHO—HI/I‘-IHOM MMPCJIOKCHNU.

The company’s account is checked.
was checked

will be checked

OTué€T KOMNaHUU MPOBEPHAIOT.
IPOBEPUITU

OyIyT mpOBEpSTH
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Oxonuanue Ta6J1. 1

[IpaBuna u cnocoObI mepeBoaa

[Ipumep

ITepeBon

6. ['1aroJibl ¢ OTHOCSIIMMCS K HUM MPEAJIOTOM, KOTOPbIE
MEPEBOMISITCS TAKXKE TIIAT0JIAMU C TIPEITIOTOM:

to depend on — 3aBuceTH OT

to insist on —HacTanBaTh HA

to look at — cMoTpeTh Ha

to rely on — onupatbcs Ha

to speak of (about) — roBoputs 0

to refer to — ccpuIaThCS HA, HA3BIBATh

to deal with — umeTs meno c u mp.
MIEPEBOISITCS TIarojaMu B HEOTPEEIEHHO-TUIHON (hopme,
IPUYEM COOTBETCTBYIOLIUN PYCCKAN NMPEIIIOT CTABUTCS
TepeI aHTITMHUCKUAM TTOJICIKAIITIM.

The new plant is much spoken
about.

This article was often referred to.

O HOBOM 3aBOJI€ MHOTO
TOBOPAIT.

Ha 51y crarsro yacTo
CCBUIAJIUCE.

7. I'marosiel 0€3 NpeyioroB, KOTOPbIE MEPEBOASATCS
rJIarojaamMu ¢ Mpeayiorom:

to affect — BiusATH Ha

to answer — oTBe4YaTh Ha

to influence — BTusATH Ha

to follow — creoBaTh 3a U Ap.
NIEPEBOJATCS I1aroJiaMy B aKTUBHOM 3JI0T€ WU
HeonpeAeNEHHO-INYHON (hopMe, TPUUIEM COOTBETCTBYIOIITUI
PYCCKHUI IPEAJIOT CTABUTCS NIEPE] AHTIIMUCKAM
MOJICKAILMM.

The conditions of work are
greatly affected by the
government.

Ha ycnoBus paboTsl
CUJIBHO BIIUSIET
PaBUTENBCTBO.
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HEJIMYHBIE ®OPMbI I'JTAT'OJIA
NHOPHUHUTHUB (INFINITIVE)

NuduanTHB — 0cHOBHAs hopma riarosia, OT KOTOPO 00pa3yroTCsl BCe JINYHBIE

dbopMbI riarosa BO BCeX TIpYyIIax BpEeMEH B JCHCTBUTEIBHOM M CTPaAaTeIbHOM

3anmorax. MHQUHUTHB, WM HeompeneleHHas Qopma TIJaroja, codyeTaer B cebe

CBOMCTBA I'J1arojia u CYHCCTBHUTCIILHOIO.

[Tpu3nakom nHPUHUTHBA ABIIsAETCS YacTula "to". OHa MHOT/IAa OMYCKAETCA:

1ocJjie MOJaIbHBIX M BCIIOMOTaTeIbHBIX I1arojoB; must (can) produce; do not produce;

Did the mill produce? Will produce u T.1.

MOCJIE TJIaroJioB (PM3MYECKOTO BOCTIpUATHS: See, hear, feel, watch, notice B 00beKTHBIX

MH(OUHUTUBHBIX 000POTaX U HEKOTOPBIX APYTUX CIyyasx.

Hnempyrkyus 1

[ToBTOpHUTE POpMBI HHPUHUTHBA:

BBIPAKEHHOMY TJIar0JIOM-CKa3y€eMbIM

Bpewms Active Voice Passive Voice
Indefinite — BeIpakaer nelicTBue, to produce to be produced
OJTHOBPEMEHHOE C JICHCTBUEM,

BBIPKEHHBIM TJIar0JIOM-CKa3yeMbIM

Perfect — Belpaxaer aeiicTBue, to have | to have been
IpeAIIeCTBOBABIIIEE ICHCTBUIO, produced produced

Continuous — IJIUTEIbLHBIN XapakTep AeHCTBUS

to be producing

IMpoHIJIOM 1 BCC CHIC MPOJOJIKACTCA

Perfect Continuous — JIeWCTBHE HA4YaJIOCh B

to have been

producing
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DOyHKUNM MHPUHUTHBA

Hnempyrkyus 2
[TomHuTE, YTO MHOUHUTUB 8 PO.iu NOJIedHcAUe2o BCEria CTOUT nepeod ckazyemvim (B
HayaJie MpeayIoKEHUs).
[TepeBoguTcs:
1) cywpecmeumenvHvim,
2) neonpeoeneHnou popmoti enazona.
O6pazen: To know English is necessary. — HeoOxoaumo 3uams aHTIMACKUN. SHaHUe

AHTJIMIACKOTO HEOOXOIUMO.

Hnempyrkyus 3
Hngunumues 6 ponu oocmosmenvcmea yeau OTBEYALT Ha Bompoc "1y uero?",
"¢ kakoi menpro?". CtouT nuOO B Hawaie, nepei MOAJIeKAIIUM, JIMOO B KOHIIE
npemtoxkeHus. MoXeT BBOJAUTHCS COI03aMU SO as (t0) — ¢ mem, umoowl, in order (to) —

0J1s1 Mo2o Ymoowl.

IlepeBonurces:
1) neonpeoenennoii ¢hopmoui enaconra c¢ corwszom "umobw”, "Ons moeo,
ymoowl ",

2) cywecmeumenvHuiM ¢ npednocom "ons".

Oo6pazen: To know English you should work hard. — Ymo6wst: 3name anrnmiickuii, BeI
JOJKHBI MHOTO paboTars.
Hnempyxyus 4
NuduauTHB 6 poiu obcmosmenbcmea credcmausi OTBEYaeT Ha Bompoc "yt 4ero?" u
CTOUT TIOCJI€ CIIOB f00 — CIHMIIKOM, enough, sufficiently — nocrarouno, sufficient —

JIOCTAaTOYHBIN, very — O4ueHb. [lepegoodumcs neonpedeneHHOU ¢HopMou 2enazona c
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corwzom "(Onss mozo) umobwl”. Ckazyemoe MpU TEPeBOJIe YaCTO HMEET OmMmMeHOK

BO3MOIUCHOCMU.

O6pazen: 1) [ am foo tired to go to the exhibition — S cruwkom ycran, 4To0b1 UATH
Ha BBICTABKY (UTOOBI 51 Mo2 TIOUTH. .. )
2) He is clever enough to understand it. — OH docmamouno yMeH, YTOOBI

(OH MO2) TOHSATH ATO.

Ilpumeuanue
B anrnuiickom si3pike cioBo "enough" Bcerga cTOMT mociie MpUIIAratelbHOTO, HO
MepeBOJl CIEAYeT HayuHams umeHHo ¢ "enough"”, a TOTOM NEPEBOAUTH
npuiiaraTeibHoe: strong enough — [0CTAaTOYHO MPOYHBIM; accurate enough —

JIOCTATOYHO TOYHEBIN U T.II.

Hucmpykyus 5
OOparute BHUMaHUE Ha UH@uUHUMUE 8 poiu onpeldenenusi. OH 6cec0a cmoum nocie
onpeoensemozo cyujecmsumeilbHo20 U 0TBeuaeT Ha Bonpoc "kakoit?". UnbuHUTHB B
pOJI  OMpEJENICHUs] 4Yalle BCEro umeem @opmy cmpadamenrbHo20 3an02a W
nepegooumcsi  onpeoeIumenbHblM  NPUOAMOYHLIM — NPEONoNCeHUeM, BBOAUMBIM
COIO3HBIM CJIOBOM "komopwiit”. (CkazyeMoe PyCCKOTO TMPEIJIOKEHUS BbIPaKaeT

OOJZcheHCWlBOGaHue, 6y0yu;ee epemi NN 603MOINCHOCNIb.

O6paszer: 1) The method fo be used — memoo, komopwlii HYIHCHO (MOIHCHO,
0y0ym) ucnonb308ame.
2) A beater roll breaks up the material to be pulped. — bapaban posna
U3METbYAET CBhIPbE, KOMOpoe HYJHCHO TPEBPATUTh B MaccCy
(xomopoe 6yoem npespawyeHo 6 maccy).
Hnempyxkyus 6
Ungunumus — uacme crxazyemoeo. UHPUHUTHB MOXKET OBITh YAaCThIO: @) MPOCTOTO

CKazyemoro, 6) COCTaBHOT'O MMCHHOT'O HJIN B) COCTAaBHOI'0O MOJAJIBHOT'O CKa3yemMoro
22



(=COCTaBHOTO TJaroJIbHOTO CKa3yeMoro) JHIIb B TOM ClIy4ae, €ClId €My
NPEIIIECTBYIOT TIIATONBI {0 be, to have, MOOanbHbILL UTU BCROMOSAMENbHBIU 2AA2O.
Oo6paserr: 1) The purpose of the system is to maximize  production. - I{ens
ITOW CHCTEMBI — MAKCUMAIIEHO TIOBBICUTh MTPOU3BOUTEIBHOCTD.
[lenb cucteMbl cocmoum 6 mom, 9T00bI MAKCHMAJTBHO. .. lenbio
CUCTEMBI 56/151em sl MAaKCUMAJIBHOE TIOBBITIICHHE. . .
2) The system is (has) to maximize production = The system must
(should) maximize production. — DOrta cucrtema AOHKHA

MaKCHUMAaJIbHO ITOBBICUTH IIPOU3BOJUTCIbHOCTD.
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INPUYACTHUE

Taoauma 2

Bun
MpUYaACTUSA

OyHKIMS B IPEJIOKESHUN U TIEPEBOJ]

4aCTb CKa3zy€MoOIo

OIIpCACIICHUC

00CTOSTENLCTBO

1. Participle |
Active voice
selling
writing

He is selling his goods.
OH npoaaér cBou TOBapBHI.

(st o6pa3oBanus BpemeH
rpynnsl Continuous.
CamocTosTENBHO HE
MIePEBOJIUTCS).

The merchant selling his goods pays a
profits tax.

Toprosen, NpoAAOLIUI CBOU TOBAPHI,
IUTATUT HAJIOT C IPUOBLIH.

The seller examined the letter
containing an interesting offer.
[TponmaBern U3y4ns1 MUCHMO,
coJiep:KaBIIee HHTEPECHOE
MIPEIOKCHHE.

(ITpuyacTtue Ha -1UH, -BIIUH).

(When, while) selling his goods,
the merchant pays a profits tax.
IIpoanasas cBou TOBapHI,
TOPTOBEI] IJIATUT HAJIOT C
npUOBLIH.

(Ieenpuuactue Ha -a, -A).

2. Participle I
Passive voice
being sold

being written

The goods are being sold.
ToBapsl MpoaAKOTCA.

(Ml oGpa3zoBaHus TPYIIITBI
BpeMeH Continuous
MACCUBHOTO 3aJI0TA.
CamocTosTeNBHO HE
MEPEBOJIUTCS).

The goods being sold were foreign
made.

IIponaBaemble TOBaphl ObLIN
MIPOU3BECHBI 3a TPAHUIIEH.

(ITpuyacTue Ha -€MBbIH, ~-UMBIi1).

(While) being moved the goods
are insured against all risks.
Koraa ux nepeBo3sit (Bo Bpemsi
MepeBO3KHU) TOBAPHI CTPAXYIOTCSI
MIPOTHUB BCEX PUCKOB.
(ITpunaTounoe
00CTOSITETLCTBEHHOE
MIPEIOKEHHUE; CYIIIECTBUTEILHOE
C TIPEIJIOrOM).
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Oxonuyanue T20J1. 2

Bun
MPAYACTHUSA

OyHKIYA B IPEIJIOKEHUH U TIEPEBOT

4acCTb CKa3zyeMoro

OIpeIelicHUE

00CTOSATENHLCTBO

3. Participle II
Passive voice

1) He has sold his goods.
OH npojan cBOM TOBapHlI.

The goods sold gave substantial
profit.

If sold, the goods will give substantial
profit.

sold (st o6pa3oBanus BpemeH IIpoaanHbie TOBApHI IPUHECIIH Ecau ux npoaarts, ToBapsl IPUHECYT
written Perfect. CaMmoCcTOSITENIBHO HE | CYIIIECTBEHHYIO MPUOBLIb. CYIIIECTBEHHYIO MPUOBLIB.
MIEPEBOIUTCS). The problem discussed yesterday
2) The goods are sold. is very important. (OOcTOATENECTBEHHOE MTPUIATOUHOE
ToBapel NpoaHEI. [IpoGnema, o0cy:xn1aBIIAsICA MPEJIOKEHUE).
(st oOpazoBaHus MaCCUBHO- | BUEpa, OUEHb Ba)KHA.
ro 3asiora. CaMOCTOATENBHO (ITpuyacTue Ha -IIUIICS, -MBIH,
HE MEePEeBOJIUTCS). -HBIN, -THIH, -BIITUHCS).
4. Perfect - - Having sold his goods he got
Participle substantial profits.

active voice
having sold
having written

IIpoaaB cBOW TOBAPHI, OH MOTYIHI
CYIIIECTBEHHYIO MTPUOBLI.
(leempuyacTue Ha -UB, -aB).

5. Perfect
Participle

Passive voice
having been
sold

having been
written

Having been sold, the goods gave
substantial profit.

ITocse TOro kKak ToBapbl ObLIN
NMPOAaHbI, OHU TPUHECITU CYLIECTBEH-
Hyto npuosLIb. ([Ipunarounoe obcro-
SITEILCTBEHHOE MPEIIOKEHHUE).
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TEPYHJIUN

Taoauna 3

OyHKIHUS B MPEIIOKEHUN

IIprmepsr

ITepeBon

1. Ilomnexaree

Chartering of ships is very important
for shipments of goods.

®paxrToBanue Kopabdieli (ppaxroBaTh
KOpaOJK) O4eHb BaXKHO IS IEPEBO3KU
TOBApOB.

(MuduHnTHB, CYyIIECTBUTENHHOER).

2. YacTb cKazyemoro

The main task is keeping customer’s
accounts.

['maBHas 3aa4a — XpaHeHHe CUETOB
KJIMEHTOB (XPaHUTh CUETA KIIUEHTOB).
(CymectBuTenbHOE, MHOUHUTHUB).

3. Ilpsimoe nornoaHeHue

The situation requires controlling the
supply.

Cutyauus TpeOyeT ynpaBJsiTh
(ympaBJieHus) TOCTaBKAMH.
(MuduHnTHB, CYyIIECTBUTENHHOER).

4. Onpenenenuie (0OBIYHO C MPEATIOTOM
of, for noce cyiecTBUTENBLHOTO)

The ability of influencing the
commerce is studied attentively.

CrocoOHOCTh BJIAMSATH (BJIUSIHUS) HA
TOPTOBJIIO U3Y4YaETC BHUMATEIBHO.
(CymectBuTenbHOE, MHOUHUTHUB).

5. O0CTOATENBCTBO

(0OBIYHO € TPEIOTaMH:

in — mpu, B TO BpeMs Kak,

on (upon) — o, nNocJie,

after — mocJe,

before — nepen,

by — TBOpHT. maxex,

instead of — BMecTO TOr0o 4T00HbI,
for — nas u T.10.

He 1s able to discuss the terms of an
order without receiving our special
authorization.

OH MOXeT 00CyX/1aTh yCIOBUS 3aKa3a
0e3 mostyueHus (He MmoJy4asi) Halero
CIEIUAJILHOTO pa3pelIeHus Ha 3TO.
(CymiecTBUTENBHOE € IPEAJIOTOM,
JIeENPUYACTHE C OTPULIAHUEM).
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Yacts I1I. YTEHUE HAYYHBIX CTATEH

ARTICLE 1
Task 1. Read the text below.

Macrocycles: lessons from the distant past, recent developments, and future
directions

(by Andrei K. Yudin)
Abstract

A noticeable increase in molecular complexity of drug targets has created an
unmet need in the therapeutic agents that are larger than traditional small molecules.
Macrocycles, which are cyclic compounds comprising 12 atoms or more, are now
recognized as molecules that “are up to the task™ to interrogate extended protein
interfaces. However, because macrocycles (particularly the ones based on peptides) are
equipped with large polar surface areas, achieving cellular permeability and
bioavailability is anything but straightforward. While one might consider this to be the
Achilles' heel of this class of compounds, the synthetic community continues to
develop creative approaches toward the synthesis of macrocycles and their site-
selective modification. This perspective provides an overview of both mechanistic and
structural issues that bear on macrocycles as a unique class of molecules. The reader is
offered a historical foray into some of the classic studies that have resulted in the
current renaissance of macrocycles. In addition, an attempt is made to overview the
more recent developments that give hope that macrocycles might indeed turn into a
useful therapeutic modality.

1. Introduction

A macrocycle is a molecule that contains a cyclic framework of at least twelve
atoms. Although the size of naturally occurring macrocycles can reach 50+ atoms in
the largest ring, a recent analysis of natural products suggested that 14-, 16-, and 18-
membered frameworks are the most common naturally occurring macrocyclic
scaffolds. Over the years, many different classes of macrocyclic compounds have been
synthesized and/or isolated from natural sources Fig. 1 depicts a selection of just three
molecules of this class of compounds. In the history of organic chemistry, crown ethers
emerged as the first subclass of synthetic macrocycles that offered a clear relationship
between structure and function. Shown in Fig. 1 is 18-crown-6, which possesses
micromolar affinity for potassium ions in methanol (Fig. 1A). To date, crown ethers
exemplify an intuitively clear consequence of molecular-level organization of electron-
donating oxygen atoms on a useful property — metal ion recognition. Also included in
Fig. 1 are octreotide, a cyclic octapeptide that mimics the natural hormone somatostatin
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and is used for the treatment of growth hormone producing tumors, and erythromycin,
a macrolide that is widely used as an antibiotic to treat bacterial infections. Similar to
crown ethers, octreotide and erythromycin benefit from the organization of their
function-defining elements.

)
Co)
Oﬁw‘.

Fig. 1. Representative macrocycles. (A): [18]-Crown-6; (B): octreotide; and (C):
erythromycin

While macrocycles have found use in many different areas of chemical science,
it is the preorganization of binding elements in the course of a biologically relevant
protein/ligand interaction that has been the topic of particularly intense efforts over the
past decade. The sustained interest in macrocycles has coincided with a noticeable
increase in molecular complexity of therapeutic targets. A growing appreciation of
complex protein—protein interactions, which are not easily addressed using small
molecules, calls for the development of inhibitors that are more sophisticated than
traditional small molecules. In this regard, one might contemplate a difference in how
researchers intuit about small molecules in comparison to macrocycles. The small
molecule “frame of mind” is about maximizing enthalpic interactions such as hydrogen
bonds and salt bridges. On the other hand, bioactive macrocycles are commonly
designed with the goal of preorganizing an unstructured linear fragment into a well-
defined conformation. The underlying reasoning is to diminish entropic penalties in the
course of a protein/ligand interaction. This is not to say that small molecules are
somehow exclusively geared to address the enthalpic term of the free energy of
binding, whereas macrocycles — its entropy component. In reality, these two energy
contributions are exquisitely intertwined.

Among different classes of macrocycles, cyclic peptides and peptidomimetics
have received the major share of attention in drug discovery, which is easily explained
by the existence of powerful synthetic and biological methods to rapidly put together
the amino acid building blocks these molecules consist of. Chemical synthesis of cyclic
peptides benefits from the availability of relatively inexpensive orthogonally protected
amino acids. In the realm of biological synthesis, DNA and RNA-templated
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approaches provide a mechanism for translation of nucleotide codons into amino acid-
containing oligomers. Besides a straightforward relationship with amino acid building
blocks, there is another reason that peptide-based molecules have received a
disproportional amount of attention: cyclic amino acid-containing molecules offer a
measurable correlation with the behavior of their linear counterparts. This relationship
can serve as a validation tool to establish the merits of converting a linear amino acid
sequence into its cyclized form. Beyond preorganization, there is a significant practical
consequence of constraining a peptide sequence into a macrocycle, namely an
opportunity to address the central liability of linear peptides — their propensity to
undergo rapid proteolytic degradation in cells. Indeed, the main reason cyclic peptides
resist proteolysis is that their structures do not fit into endopeptidase active sites.
Endopeptidases (both intracellular and the ones in the plasma compartment) are known
for their propensity to recognize -sheets in segments that typically involve 4—5 amino
acid residues (Fig. 2). This is not easily achievable with medium-sized macrocycles,
which is why they are characterized by reduced rates of proteolysis.

IO D U

HNZ “NH,

A

HN

Fig. 2. Peptidases prefer extended conformations: a substrate-derived aminomethylene
inhibitor (A) and its complex with the Rous sarcoma virus (RSV) protease S9 (B) (pdb
id: 1a94)

The aforementioned properties might paint an erroneous picture that cyclic
peptides and other macrocycles in and of themselves belong to some “privileged” class
of molecules for therapeutic intervention, the kind that holds clear answers to the
challenges facing modern drug discovery, which is inundated with complex protein
targets. Unfortunately, this is far from the truth because the large polar surface areas
that accompany high amide content come typically at the expense of cellular
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permeability, which significantly limits the bioavailability of peptide macrocycles.
Indeed, one can consider this to be the Achilles' heel of all large therapeutics designed
for intracellular targets. P-glycoprotein (P-gp), a membrane protein, whose job is to
remove foreign molecules from cells, presents an additional obstacle to macrocycles.
As a result, the greatest conceptual challenge that faces this area of inquiry is how to
devise effective synthetic tools that simultaneously bear on the favorable drug-like
properties of macrocycles and ensure their target engagement. These two properties are
not correlated in drug discovery, which is less of an issue when it comes to small
molecules, but can turn into a major consideration in the case of macrocycles. Fig. 3
illustrates this conundrum using the example of cyclosporine A. This molecule is
known for its relatively good passive membrane permeability that arises from the
network of intramolecular hydrogen bonds that are presumed to form while
cyclosporine enters and passes through the lipid bilayer. A molecular-level analysis of
the interaction between cyclosporine A and its cellular target cyclophilin paints a
different conformational picture, in which the amide groups are involved in target
recognition and thus relinquish the intramolecular interactions that contributed to
cyclosporine A’s entry into the cell. Many researchers have been taking notes from this
“cyclosporine lesson” on cellular permeability of large therapeutic agents. The goal of
these endeavors has been to design molecules with favorable drug-like properties, such
as enhanced cellular permeability, by minimizing their effective polar surface areas.
Unfortunately, this quest is not likely to simultaneously deliver optimal target
engagement that operates on principles which are related, but seek to align hydrogen
bonds donors and acceptors in an “outward” orientation. Without a doubt, this
dichotomy of properties is the biggest challenge in this vibrant research area, and
successful molecules are most likely going to be outliers, rather than a group that obeys
certain rules.
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Fig. 3. Cyclosporine A: membrane conformation (A) and conformation during target
engagement (B, pdb id: 2z6w)

2. Synthesis of macrocycles

At ts core, the challenge of macrocycle construction is about solving the dreaded
“ring/chain” equilibrium, well familiar to polymer chemists. A reasonable strategy to
minimize the probability of oligomerization and improve cyclization efficiency is to
use high dilution or resort to solid-phase synthesis, which affords pseudo-high-dilution
conditions. A clever solution that bypasses the need for slow-addition/high-dilution
involves phase separation of the macrocyclization catalyst from its substrate. An
exhaustive treatment of the known methods of cyclization is not the goal of this
perspective as it will be almost impossible to deliver an adequate discussion of all
available methodologies. Most of these methods are merely performed with the goal of
inducing intramolecular reactivity and are not conceptually different from linear
molecule synthesis. However, there are technologies that tackle the challenge of ring-
chain equilibrium, and bias reactions away from generating oligomers and polymers
without relying on high-dilution.
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The differentiation between cyclization and polymerization modes of reactivity
is formally captured in the concept of effective molarity, which allows one to
parameterize the entropic consequences of ring/chain equilibrium. A recent paper by
James and co-workers introduced another useful parameter — the so-called Emac
(Efficiency of macrocyclization), which is derived from experimentally determined
reaction yield and concentration and is useful in comparing macrocyclization
technologies. Synthetic methods that provide good isolated yields of cyclic products
often capitalize on the inherent propensity of linear precursors to fold into
conformations that are conducive to cyclization. This section discusses the effects of
preorganization on reaction efficiency, with a focus on macrocycle modification as a
means to produce analogs, and touches upon ways to increase the accessible diversity
of structures through the use of biological methods.

2.1. Preorganization of linear precursors for cyclization

Effective preorganization of linear precursors is the function of non-covalent
interactions that may operate prior to or during the cyclization. In this regard, peptide
preorganization through hydrogen bonding and ion pairing bears resemblance to
protein folding. It is well known that about one half of the single domain proteins in
the Protein Data Bank have their N- and C-terminal residues in close proximity. This
amount is significantly higher than expected on a random probability basis. While the
exact reasons for this phenomenon are still debated, similar trends were observed in
substantially shorter molecules. In their study of end-to-end loop closure kinetics in
polypeptide chains, Daidone and Smith concluded that the loop-closure kinetics in
longer peptides are determined by the formation of intra-peptide hydrogen bonds and
transient -sheet structure, which accelerates the search for contacts among residues
distant in sequence. Significantly, intramolecular hydrogen bonds were found to lower
the free energy of loop closure for longer peptides. The observation of a rollover to
slower kinetics and the absence of intra-peptide hydrogen bonds for shorter peptides
provided evidence of intrinsic stiffness of the polypeptide chains. lon-pair interactions,
which are inversely proportional to the square of the distance between the charges,
were shown by Daidone and Smith to be effective in bringing the ends of linear chains
together in fairly short sequences. A kinetic study of this process in solvents of low
dielectric constants revealed that pre-cyclization architectures are maintained with two
chain ends in close contact through Coulombic interactions. Imaginative approaches to
study this kind of behavior are found in the work of Schmuck and co-workers. These
authors evaluated the effect of electrostatic attraction between peptide chain termini on
the formation of zwitterionic peptide cyclodimers (Fig. 4A). This study further stresses
the significance of hydrogen bond-enforced ion pair formation and its effect on peptide
conformation.
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Fig. 4. Zwitterionic control over conformation of linear peptide precursors. (A):
Zwitterion-driven formation of circular conformations in solution; (B): zwitterionic
control of multicomponent peptide cyclization; and (C): zwitterion-driven formation
of cyclic polymers

Our lab's work in the area of aziridine aldehyde-driven macrocyclization of
linear peptides has identified electrostatic attraction between the chain termini as one
of the decisive factors responsible for the attainment of favorable pre-cyclization
conformations and the absence of cyclodimerization and oligomerization by-products
at relatively high concentrations. Aziridine aldehydes, which readily dimerize to a
fused oxazolidine-containing ring system in N-unprotected form, were central to the
success of this chemistry. These molecules show solvent-dependent dissociation into
an open dimer form that controls the facial selectivity of isocyanide attack at the
incipient iminium ion (Fig. 4B). This process is believed to guide the peptide chain
toward formation of an intermediate mixed anhydride. The resulting macrocycles are
equipped with N-acyl aziridine rings that allow for site-selective structural
modification. Building on the idea of zwitterionic control over pre-cyclization
conformation, Londregan and colleagues at Pfizer have developed a pyridine N-oxide-
driven macrocyclization. The electrostatic factors involved in this work also echo
Waymouth's studies in the area of cyclic polymer synthesis, where zwitterionic control
assisted in attaining cyclic conformations prior to ring closure (Fig. 4C). In another
thought-provoking study that benefits from zwitterionic control over conformation,
Zheng and co-workers explored N-heterocyclic carbene-mediated zwitterionic
polymerization toward the synthesis of cyclic peptoids.
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2.2. Post-cyclization reactions and side chain reactivity

A substantial proportion of effort expended in the area of bioactive macrocycles
is aimed at making structural analogs. Late stage modification of macrocycles is a
promising area of research because, once a scaffold with favorable properties has been
identified, its folding pattern is likely to be retained in close analogs. Kessler and co-
workers found that the presentation of pharmacophoric groups in sterically restricted
peptides is predominantly controlled by the amino acid chirality and is less related to
the cycle size. The x1 angle, which defines the conformation about the C(a)—C() bond,
is the main determinant of the side chain presentation. Kessler's “spatial screening”
method allows for systematic interrogation of the geometric parameters of cyclic
peptides.

Due to the decisive role of backbone chirality on the macrocycle conformation,
methods that allow one to site-selectively modify a macrocyclic compound are
expected to be particularly useful in efforts to generate analogs. In their classic work,
Seebach and colleagues demonstrated that C-alkylation of sarcosine residues in cyclic
tetrapeptides occurs with remarkably high levels of site-selectivity (Fig. 5). Curiously,
even a molecule as complex as cyclosporine A could be selectively modified by
deprotonation/electrophile trapping. The nucleophilic substitution reaction with alkyl
halides at low temperature was shown to result in the introduction of side chains at the
sarcosine’s methylene moiety of cyclosporine A, whereas N-alkylation became a
competing process only at elevated temperature.

' r 1. LDA (5 equiv.), DMPU (6 equiv.), Me |
Me—y T O LiBr (12.5 equiv.), THF, -78 °C H%\r 0
&gl | “Me 2. Mel (12 equiv.) 0Pl “Me
Me Me

Fig. 5. Seebach's C-selective alkylation of cyclic peptides

While some macrocycles demonstrate substantial rigidity of structure, many of
them are rather flexible, inviting a possibility for transannular interactions. These
interactions can play an important organizational role. However, unwanted and
irreversible transannular reactivity can also take place, particularly in smaller rings.
The origins of this effect in cyclic peptides can be traced back to the environment-
sensitive amide nucleophilicity. In this regard, an interesting historical analogy to
cyclol hypothesis of protein folding might be drawn. A misguided foray into explaining
protein folding by D. Winch was based on cyclol formation between adjacent amides.
While Pauling quickly showed this proposal to be fundamentally incorrect as the
driving force in protein folding, cyclol formation is a well-recognized process that is
behind green fluorescent protein (GFP)'s chromophore maturation (Fig. 6A). Due to
the proximity of functional groups, similar types of reactions can be expected to operate
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within the structures of cyclic peptides. Intramolecular collapse has indeed been
observed even in relatively simple cyclic amide-containing molecules. This process is
also responsible for the formation of cyclols in the course of spontaneous cyclization
of tripeptide sequences. Cyclol-mediated transannular ring closure and condensation
in cyclic peptides was also documented by Heimgartner and colleagues (Fig. 6B).
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Fig. 6 (A): Cyclol-driven formation of the GFP chromophore; and (B): transannular
collapse in cyclic peptides

An interesting case showing intramolecular collapse in medium-sized rings
served as the key step in Baran's palau'amine synthesis (Fig. 7A). In this example, the
desired transannular cyclization proceeded through the guanidine tautomer, delivering
the hallmark trans-5,5 ring system of the natural product. Impressive levels of control
over transannular reactivity can be exercised through the use of enantioselective
catalysis, which can be seen in Jacobsen's asymmetric transannular Diels—Alder
reactions (Fig. 7B). Interesting transannular reactions in peptide macrocycles have
been documented by Porco and colleagues (Fig. 7C). In this work, base-mediated
transannular  cyclizations of macrocyclic bis-lactams driven by olefin
isomerization/intramolecular conjugate addition have allowed the authors to access
both bicyclic and tricyclic frameworks. While these cases exemplify targeted
transannular reactions, they also suggest that caution needs to be exercised when
macrocyclic molecules are being synthesized and stored for prolonged periods of time.
It is particularly significant in the library mode of synthesis, where LC/MS is routinely
used as the main element of quality control, making it difficult to elucidate any
rearranged products that may have the same mass as the target molecule.
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Fig. 7 (A): Transannular attack during palau'amine synthesis; (B): asymmetric control
over transannular Diels—Alder cycloaddition; and (C): transannular collapse driven by
olefin isomerization-conjugate addition

While amide collapse in large rings is rather rare, the formation of disulfide
bonds is not only well-documented, but also serves a significant organizational role in
a number of functionally important molecules, including natural products such as
romidepsin (Fig. 8A). Romidepsin is a histone deacetylase (HDAC) inhibitor, whose
three-dimensional structure is maintained through a single disulfide unit. Defensins
constitute much larger ring macrocycles whose structures are “stitched together” by
way of a network of disulfide bonds. Molecules such as 0-defensin (Fig. 8B) form the
basis of human innate immunity. They are believed to disable susceptible organisms
through disruption of the target cell membrane's structural elements. Disulfide bonds
in macrocycles serve other important functional roles. Alewood and colleagues
demonstrated the pivotal role of vicinal disulfides in affording rigidification of cyclized
amino acid sequences. Some peptide macrocycles contain knotted arrangements of
multiple disulfide linkages. Given the reversibility of disulfide formation, disulfide
scrambling might present an intractable refolding problem. However, complex
disulfide-rich molecules often display remarkable fidelity with regard to “returning” to
the original state under redox cycling.
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Fig. 8 (A): Romidepsin — disulfide-containing natural product; and (B): 6-defensin and
its network of disulfide bonds (shown in yellow)

The idea of using side chain-to-side chain reactivity to enhance the desired
presentation of a particular secondary structure has been around for some time. Early
efforts by Schultz and co-workers centered around the use of intramolecular disulfide
bonds between cysteines in order to increase the helical character of small peptides.
Grubbs later employed ring-closing metathesis (RCM) to address this challenge.
However, it was not until Schafmeister and Verdine's insight that a-aminoisobutyric
acid increases the relative amount of the a-helical form in peptides, that significant
improvement in the relative proportion of a-helicity became possible (Fig. 9). The
combination of alpha, alpha-disubstituted amino acids and RCM furnished “stapled”
peptides that have since been applied in a variety of disciplines. Interestingly, alkane-
based linkers that hold these molecules in their a-helical forms are not innocent by-
standers: crystallographic evidence suggests that they can engage in stabilizing
hydrophobic interactions at the stapled peptide/MCL-1 binding interface.
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Fig. 9 (A): Stapled peptide synthesis; (B and C): two views of the stapled peptide bound
to MDM2 (side chains are omitted for clarity, pdb id: 3v3b)

The proximity of functional groups in the molecules of macrocycles can give
rise to interesting structural rearrangements. Building on their earlier studies, Takeya
and co-workers discovered a thioamide-driven, site-selective epimerization that takes
place in the structures of certain bicyclic peptide natural products. In a similar vein,
researchers at Novartis showed that site-selective epimerization of the unmethylated
leucine residue of a fungal cyclodepsipeptide is possible by way of O-alkylation
followed by oxazole formation and hydrolysis (Fig. 10A). This example further teaches
that local environments can exert profound influence over site-selective reactivity in
macrocycles. Interestingly, the crystal structure reported for this molecule explains
why the non-methylated leucine residue is the most nucleophilic one. This finding also
echoes earlier teachings of Seebach and co-workers, who developed conditions for site-
selective deprotonation of macrocycles. Yet another intriguing manifestation of
intramolecular reactivity comes courtesy of Smythe and Meutermans, who
demonstrated that challenging macrocycles can be accessed through the use of a
benzylamine-derived auxiliary via a ring-contraction strategy (shown in red in Fig.
10B). In this example, the intramolecular collapse is driven by the relative strength of
the product amide bond.
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Fig. 10 (A): Site-selective epimerization of a cyclic peptide; (B): ring contraction
strategy for macrocycle synthesis; and (C): integrative approach to macrocycles
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While the cases discussed above illustrate rearrangements of cyclic peptides or
their side chain reactivity, until recently there have been no examples wherein site-
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selective ring scission of macrocycles was shown to be synthetically useful. By
focusing on the relative weakness of aziridine amides compared to the regular amides,
our lab has advanced the concept of site-specific integration of amino acid fragments
into the structures of cyclic peptides using a synthetic sequence of
hydrolysis/ligation/re-cyclization (Fig. 10C).

Reagent- and catalyst-controlled modification of macrocycles is another vibrant
area of research. Miller and co-workers reported on their use of peptide-based catalysts
toward site-selective modification of erythromycin A (shown in Fig. 1C). Burke and
colleagues resorted to fundamental principles of physical organic chemistry in order to
electronically tune reagents toward useful site-selective functionalization reactions and
applied this method to the chemoselective functionalization of the complex natural
product amphotericin B.

It is appropriate to mention the way in which many cyclic peptides and other
macrocycles are biosynthesized because the logic of this chemistry is mirrored in some
solid-phase synthesis approaches. A number of naturally occurring macrocyclic
peptides are the products of non-ribosomal biosynthesis, during which synthetases
tether activated linear intermediates through thioester linkages. Interestingly, isolated
thioesterases were shown to promote macrocyclization of linear peptides immobilized
on synthetic solid supports. This reaction involves transacylation to the active-site
serine followed by deacylation upon intramolecular attack by the amino-terminal
nucleophile. A practical example that cleverly emulates the biosynthetic assembly of
cyclic peptides has emerged from Tranzyme. Over the years, this company amassed a
large library of macrocycles using a solid-phase procedure in which the linear precursor
had been connected to the solid support through a thioester linkage. In this chemistry,
the macrocyclization event coincides with the N-terminus of the linear chain attacking
the thioester group, resulting in traceless product release. Cyclative cleavage to
generate macrocycles was also cleverly employed by Rademann and co-workers in
their triazole ligation studies.

2.3. Molecular diversity via biosynthetic approaches

One of the long-standing goals of drug discovery is to increase the diversity of
accessible structures to allow for broader sampling of the structural space.
Combinatorial biochemical methods such as phage display, aptamer SELEX, and
mRNA display discussed in this section have shown tremendous promise for the
discovery of biopolymer-derived ligands to biological targets. These methods utilize
large populations of species such as bacteriophage, and then apply environmental
pressure in order to focus the populations by selection. Binding to a biological target
of interest is the most commonly used selection pressure. In phage display, each species
carries an oligonucleotide tag that not only serves to encode chemical structure, but
also provides a template for amplification. Libraries of up to 1013 members have been
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successfully generated and used in efforts to discover disulfide-based macrocyclic
ligands to protein targets. Incidentally, the RGD (arginine—glycine—aspartic acid)
sequence, widely used in cell adhesion studies, emerged from this effort.

Several innovative approaches at the intersection of biology and synthetic
chemistry have appeared in recent years. The presence of nucleophilic thiol functional
groups in peptides has been explored in imaginative methods that target constrained
macrocyclic scaffolds. Fast and quantitative cyclization of linear peptides with
unprotected side chains and multiple free cysteines is possible through the use of
simple bromomethyl-functionalized aromatic scaffolds. This chemistry, developed by
Timmerman and colleagues, runs fast and clean with linear peptides that are 2-30
amino acids long and provides a means to immobilize multiple peptide loops onto a
synthetic scaffold. Using mesitylene scaffolds reported by Timmerman, Heinis and
colleagues developed a phage display strategy for the selection of bicyclic peptides
(Fig. 11). The linear precursors were designed as repertoires with three reactive
cysteines that were separated in sequence by several random amino acid residues. The
resulting constructs were then fused to the phage gene-3-protein. Subsequent
conjugation with tris-(bromomethyl)benzene generated phage-based peptide
conjugates and affinity selections led to the discovery of a specific human plasma
kallikrein inhibitor, among other applications.
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Fig. 11 (A): Integration of tris(bromomethyl)xylene into the phage display workflow;
and (B): a pose of a crystallographically characterized xylene-constrained inhibitor of
human urokinase-type plasminogen activator (pdb id: 3qn7)
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Liu and colleagues used multistep DNA-templated organic synthesis to translate
libraries of DNA sequences into libraries of sequence-programmed macrocycles and
subjected the resulting DNA-macrocycle conjugates to in vitro selections for protein
target affinity. The sequence of the amplified DNA template allowed the authors to de-
convolute the results of their binding experiments. Meanwhile, using wPURE and
flexizyme-mediated in vitro translation systems, Suga and co-workers genetically
reprogrammed the initiation event during translation. It was shown that the translation
apparatus tolerated not only proteinogenic amino acids, but also accepted N-acyl
groups equipped with various functionalities. This list included electrophilic
chloromethyl group on the N-terminus or a lysine side chain, which led to the
ribosomal synthesis of cyclic peptides containing thioether bonds. This genetic
reprogramming approach, in conjunction with mRNA display, has resulted in the
discovery of high affinity binders for a number of relevant targets.

Szostak and colleagues have developed cysteine-mediated approaches for
macrocyclization via lanthionine bridge formation or alkylation with dibromo xylene
linkers. These approaches have been combined with mRNA display to rapidly prepare
and screen macrocyclic peptide libraries. In another approach, Fasan and co-workers
explored a clever chemo-biosynthetic strategy toward the generation of macrocyclic
organo-peptide hybrids (MOrPHs). This feat was accomplished using a catalyst-free
dual oxime-/intein-mediated ligation between ribosomally synthetized precursor
proteins containing two orthogonal ligation points and a panel of bifunctional small
molecules.

Most of the biological methods of synthesis mentioned above enable the
preparation of astounding numbers of diverse macrocycles that are accessible for
biological screens. In addition, a direct link between genotype and phenotype allows
for the rapid screening and deconvolution of these large and diverse libraries. However,
the disadvantage of these methods is that they deliver relatively high molecular weight
compounds with large polar surface areas, which are unlikely to be cell-permeable. A
certain analogy with the state of the art in combinatorial chemistry of the 1990's might
be appropriate. This comparison suggests that emphasis on the numbers is not related
to the real bottleneck of drug discovery. History has shown that it is the molecular
properties such as microsomal stability and cellular permeability, rather than target
engagement, that are the most challenging steps in drug discovery. A synergistic
relationship between biology and chemical synthesis undoubtedly needs to be nurtured
if macrocycles are to become a useful modality in drug discovery.

3. Properties of macrocycles

When compared to small molecules, a macrocycle/protein interaction is
inherently more complex. In some cases, the induced fit model was shown to
adequately describe this interaction. Akin to the structural biologists' regard for
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induced fit, synthetic chemists view the Curtin—Hammett principle as one of the pillars
of not only chemical reactivity, but many other molecular properties. By stressing the
importance of kinetics, the Curtin—~Hammett principle reveals an interesting analogy to
macrocycle/protein target interaction. This principle states that the ground state
conformation is not necessarily the reactive (or relevant) one. Significantly, this dictum
applies only to systems in which a rapid inter-conversion between two or more
accessible conformations can be established. The possibility shown in Fig. 12A
describes two accessible macrocycle conformations that can interconvert. If the barrier
to interconversion is low and the active conformation is readily sampled, it is
immaterial to be concerned about conformational analysis of macrocycles because the
system is unlikely to “miss” the desired state. On the other hand, if the barrier is high,
the free energy of binding may not be sufficient to induce the desired conformation.
This i1s analogous to the so-called “non-Curtin—Hammett” scenario that exists in
chemical reactivity. While this is a rare phenomenon, some macrocycles with complex
conformational energy landscapes are likely to undergo slow conformational
interconversion, which is expected to influence their properties. For instance, the
crystallographically characterized binding conformation of an SH2 domain inhibitor
shown in Fig. 12B was readily attained after incubating the macrocycle in the presence
of the SH2 protein at 50 °C for 10 minutes before allowing the system to crystallize at
room temperature. The results of crystallization experiments at room temperature alone
were inferior to those obtained by heating at 50 °C first, followed by crystallization.
The challenges inherent to understanding macrocycle conformations are further
mirrored in the difficulties that exist during computational docking of macrocycle
ligands.
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Fig. 12 (A): A hypothetical potential energy diagram linking two macrocycle
conformations; and (B): co-crystallization with macrocycles may require energy to
overcome the conformational barrier between different states (pdb id: 3aob)

It follows that, while the induced fit is a well-recognized phenomenon, attention
must be paid to the inherent capacity of a given macrocycle scaffold to be amenable to
the reorganization that is needed in such a process. Given the established correlation
between cellular permeability and intramolecular hydrogen bonds (vide infra), one can
easily appreciate the challenge: either target engagement or cellular permeability may
correspond to a conformation that is not readily accessible. One of the main challenges
that faces the field of macrocycles lies in having to simultaneously address these two
disparate goals.
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To further complicate matters, there are some thought-provoking studies that
challenge the dogma that constrained molecule/target interactions are primarily
entropy-driven. In a series of elegant experiments, Martin and co-workers questioned
the prevailing view that preorganization must have a favorable entropic component
(Fig. 13A). The authors demonstrated that entropies of binding of preorganized ligands
to their targets could be disfavored when compared to the less potent, yet flexible,
controls. It was shown that the enhanced enthalpy of binding could arise from an
unexpected involvement of protein/ligand polar contacts. Using PDZ domains as
model biological receptors, Spaller and co-workers came up with similar conclusions
during their evaluation of macrocycles and stressed the significance of proper linear
controls when analyzing a series of macrocycle binders (Fig. 13B).
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Fig. 13 (A): Constrained small molecules do not always result in more favorable
entropy of binding; and (B): macrocycles can show unfavorable binding entropy
compared to linear controls

3.1. Conformational analysis

The discussion above leads to the conclusion that it is important to study and
understand the conformational preferences in a given macrocycle series. Fig. 14

presents a condensed version of some powerful methods that are now routinely
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available to chemists interested in studying cyclic peptides and other types of
macrocycles. For instance, recording the 1H NMR chemical shift changes of NH
groups as a function of temperature helps identify the slowly exchanging protons that
are likely to be tied up in intramolecular hydrogen bonds. In the course of their study
of cyclophane macrocycles, which represent a particularly under-populated region of
chemical space, James and co-workers resorted to EXSY spectroscopy in order to
elucidate chemical exchange between conformations sampled by the macrocycles
under scrutiny. The presence of cross-peaks in the EXSY spectra suggested an
exchange between different conformations, which were found to slowly interconvert.
The exchange rates for the transformation of detected conformations can be established
from the experimentally determined parameters during EXSY experiments. X-ray
crystallography is another valuable tool in the conformational analysis of macrocycles,
although caution is advised with regard to the relevance of this analysis as solvent-
dependent behavior in solution can lead to completely different conclusions. Circular
dichroism can be indispensable in the studies of protein secondary structure fragments
embedded in macrocycles. Here too, one has to be aware of the danger to over-interpret
the data. For instance, in an intriguing case, Fairlie demonstrated how a macrocycle
with o-helical sub-structure displays [-sheet-like spectrum. The computational
prediction of macrocyclic conformations in both free and bound states is significantly
more challenging compared to small molecules. In contrast to small molecules, the
degrees of freedom in macrocycles are not mutually exclusive and perturbations are
“coupled” in such a way that changing one dihedral angle in the backbone affects other
dihedral angles, which causes computational conversion to take significantly longer.
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Fig. 14. From measurement to computation: assessing the properties of macrocycles

NMR can be a useful tool for the rational design of conformationally rigidified
macrocyclic scaffolds. Fairlie and colleagues were able to show that the 13-membered
rings obtained by homologation of a cyclic tetrapeptide are characterized by a marked
improvement in the conformational rigidity of the ring. Due to their rigidity, the
resulting a3p architectures of cyclic tetrapeptides are especially well-suited for the
interrogation of HDAC enzymes. While main-chain chirality is believed to be the

46



major factor influencing macrocycle conformation, a recent report by Hunter and
colleagues provides a rare and exciting possibility that diastereotopically-dependent
structural modification of the cyclic peptide core with fluorine atoms can play an
important role in structural rigidification (Fig. 15A).

6 amino acids: ordered 8 amino acids: disordered

(continuation of the series: 10: ordered,
12: disordered,
14: ordered,
16: disordered, etc)

Fig. 15 (A): Control over macrocycle conformation using fluorination; and (B):
periodicity of B-sheet formation in cyclic peptides

The solution conformation deduced by NMR can also afford insights needed for
the rational design of therapeutic lead structures. In an earlier study, Dinsmore and
colleagues at Merck showed how the solution structure of a conformationally flexible
inhibitor of FTase suggested a macrocyclic analogue with a substantially improved
inhibition profile. Recently, a hybrid sequential molecular mechanics/quantum
mechanical approach to modeling cyclic peptides has resulted in an effective method
for predicting their 1H and 13C NMR chemical shift values. The utility of this method
was tested in a blind fashion and excellent agreement with the experimental NMR
chemical shifts was observed.

a-Helix, B-sheet, and B-turn are the most common types of protein secondary
structure. These structural types are prevalent in both solution- and solid-phase
structures of proteins and are known to mediate the vast majority of protein—protein
interactions. Unfortunately, these secondary structures are rarely observed in small

linear peptides. Cyclization provides an opportunity to “freeze” these motifs, making
47



them amenable to conformational analysis and structure/function studies. An
interesting consequence of constraining amino acid motifs was noted by Wishart and
co-workers, who observed size-dependent periodicity of B-sheet content in cyclic
peptides (Fig. 15B). This study proved the long-standing hypothesis that cyclic
peptides containing 6, 10, and 14 a-amino acid residues in length exhibit high B-sheet
content, whereas macrocycles of 8, 12, and 16 residues exist as random coils. Robinson
and colleagues further established (D)-Pro—(L)-Pro linker as an effective means of
creating turn structures with high B-sheet content,while Nowick introduced ornithine-
derived turn elements as a means to generate and stabilize modular B-sheet motifs.

a-Helices are known to dominate protein—protein interfaces, which is why
stapled peptides (macrocyclic peptides covalently constrained with hydrocarbon
linkers that stabilize a-helices), have found a range of applications in chemical biology
and drug discovery. Recently, Pentelute and co-workers resorted to cysteine-mediated
SNAr reactions between peptides and perfluorinated aromatics in order to force linear
peptides into stapled versions with constrained presentation of a-helical motifs.
Unnatural amino acid turn elements can induce unusual turn structures in the molecules
of well-known natural products. Thus, Overhand and co-workers resorted to rigid
furanoid sugar amino acids to interrogate the P-hairpin structural elements of
gramicidin S. Our lab recently resorted to strategically placed exocyclic amides to
ensure conformational homogeneity of macrocycles.60 Ulrich and Komarov employed
UV light to control the conformation of cyclic peptides equipped with photochemically
sensitive groups (Fig. 16A).
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Various additives can exert a profound influence on the solution conformation
of macrocycles. In their classic study, Rich and co-workers demonstrated that the
addition of lithium chloride to the solution of cyclosporine A in THF influences the
geometry of the Leu—Leu bond. It was established that if the Leu—Leu amide linkage
in cyclosporine A is in its cis state, the molecule is biologically inactive against its
cyclophilin target. Rich and co-workers further demonstrated that the addition of LiCl
to cyclosporine A in THF shifts the cis/trans equilibrium toward the bioactive trans
form (Fig. 16B). Remarkably, the authors were able to show that the LiCl perturbation
method works to alter even the biological properties of cyclosporine A. It was found
that a significantly more potent inhibition of cyclophilin takes place in the presence of
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The conformational properties of macrocycles can have a direct influence on
their chemical reactivity. Our lab recently demonstrated macrocycle-dependent
regioselectivity during site-selective modification of macrocyclic electrophiles
containing N-acyl aziridines. In this chemistry, the peptide structure dictated the
adoption of different reactive conformations of the N-acyl aziridine embedded in the
ring (Fig. 17). When the aziridine amide adopts a cis conformation, azide anion attacks
the a-carbon of Azy (aziridine carboxylic acid) exclusively, leading to the formation
of a trans amide-like transition state, wherein allylic strain is minimized. Alternatively,
attack at the B-carbon of the Azy residue leads to the development of a less favorable
cis-like amide bond. The fact that this regiochemistry is different from that observed
in the case of linear Azy-containing peptides attests to the influence of macrocycle
conformation over chemical reactivity. This idea is substantiated by the fact that attack
at the a-carbon of the Azy residue is preferred in linear peptides.
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Fig. 17. Kinetic control over cis- and trans- like transition states in macrocycles (amino
acid side chains are omitted for clarity)

The knowledge of the three-dimensional properties of constrained amino acid
sequences can lead to impressive levels of control over macrocycle self-assembly in
solution. Hydrogen bond-driven formation of peptide nanotubes is perhaps the best-
known example of this sort of control. Ghadiri and co-workers demonstrated that, when
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constrained in macrocycles, alternating D- and L-amino acid sequences give rise to the
formation of well-defined nanotubes that have found application as antibacterial
agents. This example demonstrates the possibility of controlling aggregation of cyclic
peptides in solution using relative stereochemistry of amino acid residues (Fig. 18).
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Fig. 18. Formation of nanotubes from cyclic peptides (alternating stereochemistry not
included for clarity)

Lastly, the possibility of attaining well-defined conformations in cyclic peptides
can have a direct link to their performance in catalysis. Herrmann and co-workers
recently introduced a metallopeptide design based on a stable cyclic peptide scaffold
that was maintained by an intramolecular disulfide linkage. The authors applied an
alanine scanning technique to optimize the catalytic performance of their cyclic peptide
catalyst system in Friedel-Crafts and Diels—Alder reactions.

3.2. Structural biology of macrocycles

Due to their relatively large size, macrocycles display unique features upon
interaction with their protein targets. Topology of the protein surface may dictate if a
macrocycle adopts an “edge-on” or a “face-on” binding mode. This analysis by Whitty
and co-workers further suggests that a preferred collection of macrocycles aimed at
general-purpose drug discovery would benefit from molecules equipped with large and
small substituents distributed around the ring. This is expected to increase the chances
of finding useful compounds that can interrogate a wide range of protein binding site
topologies. Whitty's analysis also suggests that at least five strong binding energy “hot
spots” need to be present in a macrocycle, which is more than what is required for the
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binding a conventional small molecule drug. Interestingly, the hot spots can be set
further apart from what is acceptable for conventional binding sites that are considered
druggable. A recent report on the comprehensive analysis of protein surface loops
suggests a mechanism by which “hot loops” can be identified and turned into
constrained peptide inhibitors.

In cyclic peptides, the correct conformational recapitulation of the amino acid
sequence involved in a biological interaction is required for effective agonism or
antagonism of a protein target. Incorrect positioning of the binding determinants can
easily lead to the wrong conformation. Even a fairly small deviation from the optimal
geometry can bring about dramatic consequences. For example, the RGD sequence of
amino acids is known to mediate interactions between cell surface integrin receptors
and matrix proteins such as vitronectin, laminin, fibrinogen, and fibronectin. That this
tripeptide sequence mediates multiple protein-dependent pathways implies distinct
conformations of the RGD sequence in different matrix proteins. Kessler and
colleagues showed that, when placed into the framework of a 15-membered ring, RGD
correctly represents the binding epitope of fibronectin. This study illuminates the
importance of choosing the geometrically correct turn motif. Even a minor deviation
from the optimal arrangement of dihedral angles was found to result in a significant
decline of potency. A constrained RGD/integrin complex was later crystallographically
characterized, revealing that the RGD motif inserts into the crevice between the
propeller and BA domains and makes contacts with both (Fig. 19A).
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Fig. 19. Selected crystal structures of macrocycles and their targets. (A): An RGD-
based macrocycle complexed with the extracellular segment of integrin a5B3 (pdb id:
11fg); (B): microcystin — a covalent phosphatase inhibitor (pdb id: 1fjm); and (C):
Anacor's boron-containing macrocyclic HCV inhibitor (pdb id: 2xni)

Macrocycles are also capable of covalent inhibition of their protein targets,
which is notable given how much attention has been devoted to the development of
covalent inhibitors. It is quite possible that combining the benefits that accrue as a
result of increasing an inhibitor's polar surface with covalent bond formation can result
in significant gains in potency. Given the possibility of rapid target ID, synthetic cyclic
peptide electrophiles are likely to emerge as important tool compounds, particularly in
phenotypic screens. In this regard, cyclic peptide natural products such as microcystin
provide an inspiration. Thus, microcystin forms a covalent bond with the surface-
exposed nucleophilic Cys-273 residue of PP1 phosphatase through Michael addition to
the dehydroalanine moiety (Fig. 19B). Synthetic macrocycles that interact with
oxygen-based active site residues include boron-containing molecules that were
designed at Anacor. In this study, a new series of HCV NS3 serine protease inhibitors
equipped with a cyclic boronate moiety at the P1 position of an HCV inhibitor scaffold,
were developed and characterized by X-ray crystallography (Fig. 19C).

3.3. Cellular permeability and oral bioavailability

While the aforementioned structural features of macrocycles are significant from
the standpoint of target engagement, they are unfortunately not related to properties
that ensure bioavailability and other therapeutically relevant characteristics. Large
polar surface area is the biggest obstacle preventing cyclic peptides and other
macrocycles from being taken up by cells. The lion's share of current efforts goes into
identifying macrocycles with drug-like properties.

There are two main ways in which chemicals are thought to permeate cellular
membranes: passive and active transport. The passive type of cellular entry is
characterized by molecular diffusion driven by a concentration gradient, whereas the
active entry type is energy-driven and involves molecular transporters. The most
common assays that are used in comparative studies of a macrocycle's capacity to
traverse cells are PAMPA (Parallel Artificial Membrane Permeability Assay) and
Caco-2 cellular permeability assays. In this regard, it is exciting to note some
surprisingly simple permeability surrogates that have appeared in the literature. One of
them is based on supercritical fluid chromatography, which has enabled improved
permeability design.

The correlation between three-dimensional structure and cellular permeability is
a fascinating area of contemporary research. Fernandez introduced the concept of
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under-wrapped hydrogen bonds (under-wrap = expose to solvent) and applied a variety
of metrics to rank peptide ligands in terms of their cellular permeability, arguing that
manipulation of intramolecularly under-wrapped electrostatic interactions in proteins
can be exploited as a strategy to create molecules with enhanced ability to penetrate
biological membranes. Lokey's group carried out a detailed study aimed at further
examining the hypothesis that intramolecular hydrogen bonds improve passive
membrane permeability of cyclic peptides. This investigation confirmed that
membrane permeability of cyclic peptides is likely governed by a combination of
intramolecular hydrogen bonding along with the protection of amide NH groups from
solvation. Subtle differences in structure can play a decisive role in this process. For
example, diastereomeric macrocycles can display notable differences in their ability to
penetrate cells, which speaks to the adoption of different patterns of hydrogen bonds
in structurally similar compounds. In the case of cyclic peptides, many efforts are
aimed at improving cellular permeability by selective N-methylation of backbone
amides. This strategy brings about a reduction of the polar surface area of a given cyclic
peptide and increases the probability of intramolecular hydrogen bonds between the
remaining NH amides and carbonyl oxygens. Using a library of 54 cyclic peptides with
different N-methylation patterns, Kessler's lab designed structures that represent highly
Caco-2 permeable templates amenable for grafting applications. This has become
possible due to the defining role of the macrocycle core elements, and not the side
chains, on the overall conformation. Interestingly, complete N-methylation can be
detrimental to cellular permeability, highlighting a delicate balance that exists between
a given molecule's permeability and lipophilicity. Thus, Lokey and co-workers showed
that a partially N-methylated derivative shown in Fig. 20A was significantly more
permeable in PAMPA assays than the corresponding per-methylated version. This was
attributed to the more solvent-exposed nature of amide carbonyl oxygens in the per-
methylated molecule's conformation, hinting at its higher effective polar surface area
and, hence, diminished lipophilicity. Such findings are not intuitively clear by a visual
examination of structures alone. Thankfully, computational tools can be effective in
efforts to rationalize and predict the pattern of hydrogen bonds that is optimal for
cellular permeability.
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Fig. 20. Subtle structure/properties effects in macrocycles. (A): Excessive N-
methylation can be a detriment to cellular permeability; and (B): a dramatic effect of
serine for threonine substitution on intrinsic clearance in rat liver microsome

It should be noted that one important factor that needs to be taken into account
when considering N-methylation is the potential for chemical instability, which has
been reported for excessively N-methylated peptides. In this regard, it is encouraging
to see studies which suggest that macrocycles without N-methylation can be orally
bioavailable. At present, this comes at the expense of relying on excessively
hydrophobic side chains to shield polar amide groups from solvent exposure. It will be
important to see follow-up cases where a greater variety of side chains can be
accommodated in this approach.

When it comes to active membrane transport, the situation is substantially more
complicated. Although parsing out the involvement of protein transporters at an early
stage of lead generation could be extremely challenging, it is advisable to understand
whether or not a given macrocycle series is subject to P-gp efflux. Structural data,
pointing at the mechanisms by which P-gp can interact with macrocycles, has appeared
in recent years. For instance, in an intriguing paper, Chang and colleagues showcased
how the “dreaded” P-gp protein accommodated both enantiomers of a cyclic peptide
molecule in its cavity (Fig. 21A).5 Nureki and co-workers reported on their structural
characterization of a key multidrug and toxic compound extrusion (MATE) family
transporter in complex with an in vitro selected thioether-based macrocyclic peptide
(Fig. 21B). These studies suggest yet another parameter that awaits understanding in
this area of research: how to modulate transporter-mediated removal of macrocycles
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from cells. This relates to both diminishing efflux in order to ensure adequate target
engagement and enhancing efflux to avoid cytotoxicity due to accumulation.

A

Fig. 21. Macrocycles complexed with transporters. (A): P-gp complexed with a
selenium-containing cyclic peptide (pdb id: 3g61); and (B): multidrug and toxic
compound extrusion transporter complexed with a cyclic peptide (pdb id:3vvr)

Oral bioavailability adds another layer of complexity to evaluating the potential
of macrocycles as promising drug candidates. Orally active and/or bioavailable peptide
macrocycles that are currently on the market include cyclosporine A, linaclotide, and
some somatostatin analogs, such as octreotide. Clearly, all of these compounds violate
the “rule of 5, further reinforcing the significance of understanding oral bioavailability
of molecules that belong to the “Beyond the rule of 5 (Bro5) class.

Microsomal stability is typically evaluated by subjecting a compound to rat liver
microsomes (RLM). This kind of study can be exceptionally useful as concrete steps
aimed at improving molecular profiles can be identified. Unfortunately, full metabolite
identification (MetID) profiles of macrocycles can be very expensive and are not
performed routinely, at least in the academic setting. Streamlining of these assays is
expected to be enabling and will result in innovative chemical approaches to site-
selective macrocycle modification. The poorly-understood balance between the three-
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dimensional structure and microsomal stability of macrocycles is further illuminated
by comparing the dramatic difference observed when structurally similar molecules are
exposed to RLM analysis (Fig. 20B). The serine derivative was shown to have 96 mL
min—1 kg—1 RLM clearance, whereas the threonine-containing congener was
substantially less stable (44 mL min—1 kg—1 RLM clearance). Oddly enough, the
serine-containing peptide actually had an oral bioavailability of only 2% compared to
the threonine-containing peptide which was 23.8% orally bioavailable. This example
underscores the highly empirical nature of efforts to identify orally bioavailable
macrocycles and suggests that finding a correlation between oral bioavailability and
scaffold design is likely to be challenging. Yet, the discovery of orally bioavailable
peptides continues to be the subject of intense investigations and oral bioavailability
can be established even for fairly large molecules. It should also be acknowledged that,
while striving for oral bioavailability is a worthy goal, peptides provide an opportunity
to develop exquisitely potent compounds, which can offset their poor drug-like
properties. Ultimately, reaching the desired therapeutic profile can be realized using
special additives. A case in point is octreotide: in a well-known study, its oral
bioavailability was reported to be only 0.3%, yet it could be dramatically improved by
formulation. In this regard, the advent of nanotechnology and new drug delivery
modalities is expected to play a pivotal role in ensuring that macrocycles reach their
therapeutic targets and remain reasonably bioavailable.

4. Conclusions

Macrocycles constitute an exciting class of molecules with a tremendous upside
in drug discovery and other fields of inquiry. Their complex structures invite the
development of novel cyclization technologies with improved efficiency. It is equally
important to have the modern tools of synthesis bear on site-selective structural
modification of existing macrocycle cores. In efforts to come up with new synthetic
tools aimed at macrocycles, chemists need to be aware of the propensity of macrocycles
to be susceptible to transannular interactions. These interactions can deliver dividends
in areas that require conformational constraint, but attention must be paid to the
potentially detrimental consequences of particularly strong transannular interactions
that can lead to unanticipated intramolecular reactivity and “collapse”. The availability
of broadly applicable methods that address these long-standing goals will further
facilitate synthesis-driven improvement of macrocyclic lead molecules in drug
discovery. At the same time, detailed knowledge of the three-dimensional preferences
of macrocycles, complicated by the presence of partially rotatable bonds, will serve
areas in which functional outcomes are rooted in one's ability to modulate
intermolecular interactions. Control over the so-called y-space, that defines
conformational movement of side chains, is one of the most difficult areas to address.
In this regard, there is a certain irony in overemphasizing the significance of new ways
to form macrocyclic ring structures: these studies offer constraints over ¢ and
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dihedral angles, but they provide little towards control in the “y-space” which defines
the side chain orientation (Fig. 22).
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Fig. 22. Peptide macrocycles and the challenge of conformational control in all areas
of accessible space

When it comes to cyclic peptides, it would be useful to see a greater variability
with regard to accessible synthetic building blocks. Indeed, approaches to macrocycles
based on improving compound profiles using amino acid modifications tend to
underemphasize the relative significance of non-amino acid building blocks — the ones
that do not suffer from the limitations of peptide linkages. Chemists need to keep in
mind that, just because amino acids are readily available in their protected forms and
are suited for streamlined synthesis of linear precursors to cyclization, it does not mean
that there is anything inherently special to them (an exception is when the goal is to
rationally constrain a particular protein secondary structure motif). As a result,
overemphasizing the attempts to render amino acid-derived materials “more palatable”
might result in approaches that detract from rapid optimization of the function-defining
characteristics of molecules. In this regard, structure-driven efforts aimed at
peptidomimetic macrocycles should be encouraged.

The most difficult questions in the area of biologically active macrocycles will
likely relate to reconciling the synthetic and biological approaches to synthesis. The
domain of chemical synthesis is fertile with methods that enable the development of
molecules with optimal pharmacological profiles. Unfortunately, the accessible
molecular diversity is still a challenging proposition. In contrast, biological synthesis
appears to readily provide enormous molecular diversity, albeit at the expense of
offering only a limited palette of useful building blocks. In addition, the molecules that
are accessible with biological methods are rarely attractive drug candidates,
particularly when it comes to intracellular targets. The inherent friction between the
synthetic and biological domains of synthesis is likely to result in exciting innovations
in the years to come.
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ARTICLE 2
Task 1. Read the text below.

Advances in lignocellulosic biotechnology: A brief review on lignocellulosic
biomass and cellulases

(by Tanzila Shahzadi, Sajid Mehmood, Muhammad Irshad, Zahid Anwar, Amber
Afroz, Nadia Zeeshan, Umer Rashid, Kalsoom Sughra)

Abstract

From the last few decades, there has been an increasing research interest in the
value of lignocellulosic biomass. Lignoellulosic biomass is an inexpensive, renewable
abundant and provides a unique natural resource for large scale and cost-effective bio-
energy collection. In addition, using lignocellulosic materials and other low-cost
biomass can significantly reduce the cost of materials used for ethanol production.
Therefore, in this background, the rapidly evolving tools of biotechnology can lower
the conversion costs and also enhance a yield of target products. In this context, a
biological processing presents a promising approach to converting lignocellulosic
materials into energy fuels. The present summarized review work begins with an
overview on the physico-chemical features and composition of major agricultural
biomass. The information is also given on the processing of agricultural biomass to
produce industrially important enzymes, e.g., ligninases or cellulases. Cellulases
provide a key opportunity for achieving tremendous benefits of biomass utilization.

Keywords
lignicellulosic biomass, ecofriendly, bioethanol, industrial enzyme

1. Introduction

Lignocellulosic materials are the most promising feedstock as natural and
renewable resource. Among many of the developing countries, it’s a routine practice
that such agricultural wastes are not been fully discarded and then have become a major
source of ecological pollution. Naturally, cellulose, hemicellulose and lignin are the
major constituents of plant cell walls and among all of them, cellulose is the most
common and abundant component of all plant matter. From the last several years, there
is an increasing demand for industrial important enzymes. In such scenario, cellulase
is being used in many of the industrial applications mainly but not limited in the field
of cotton processing, paper recycling, agriculture and in the field of research and
development. Besides all those applications, the production of fuel ethanol from
lignocellulosic biomass through cellulase hydrolysis is a promising tool of the modern
world. The most promising technology for the conversion of the lignocellulosic
biomass to fuel ethanol is based on the enzymatic breakdown of cellulose using
cellulase enzymes. Pakistan is an agricultural land that produces a large magnitude of
lignocellulosic wastes. However, such wastes can be utilized for the production of
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useful industrial enzymes or enzyme-based products. Enzymatic hydrolysis of such
agricultural wastes provides an environmentally friendly means of depolymerizing
cellulose and other carbohydrates at high yields.

2. Characteristics of lignocellulosic biomass

Lignocellulosic materials including agricultural wastes, forestry residues,
grasses and woody materials have great potential for biofuel production. Typically,
most of the agricultural lignocellulosic biomass is comprised of about 10% - 25%
lignin, 20% - 30% hemicellulose, and 40% - 50% cellulose. Cellulose is a major
structural component of plant cell walls, which is responsible for mechanical strength
and chemical stability to plants. Hemicellulose macromolecules are often repeated
polymers of pentoses and hexoses. Due to the genetic variability among different
sources hemicellulose macromolecules also vary in structural composition. Lignin
contains three aromatic alcohols (coniferyl alcohol, sinapyl alcohol and p-coumaryl
alcohol) produced through a biosynthetic process and forms a protective seal around
the other two components i.e., cellulose and hemicelluloses (Fig. 1). In general, the
composition of lignocellulose highly depends on its source whether it is derived from
the hardwood, softwood, or grasses. Lignocellulosic biomass has a complex internal
structure and comprises of a number of major components that have, in turn, also
complex structures. Table 1 shows the typical chemical compositions of all these three
components in various lignocellulosic materials that vary in composition due to the
genetic variability among different sources.

3. Properties of cellulose

Plant biomass contains 40% to 50% of cellulose molecules which are fibrous in
nature, insoluble, crystalline polysaccharide. Being the most abundant and easily
available carbohydrate polymer all around the earth which is a major polysaccharide
constituent of plant cell wall, it is composed of repeating (1,4)-D-glucopyranose units,
which are attached by B-1,4 linkages with an average molecular weight of around
100,000. Naturally cellulose molecules exist as bundles which are aggregated together
in the form of micro-fibrils, i.e., crystalline and amorphous regions. The structure of
one chain of the cellulose polymer is presented in Fig. 1. Cellulose has attracted
worldwide attention as a renewable resource that can be converted into biobased
products of commercial interests. Therefore, cellulose has been used as a potential
energy source for a wide variety of organisms including fungi and bacteria to extract
many useful products e.g., enzymes.
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Fig. 1. Chemical structure of lignocellulosic material; (a) Building blocks/units of
Lignin; (b) Xylose unit of hemicellulose; and (c) Cellulose. (Adopted from Igbal et al.)

Lignocellulosic material Lignin (%) Hemicellulose (%) Cellulose (%) Reference’
Sugar cane bagasse 20 25 42 Kim & Day, 2011
Sweet sorghum 21 27 45 Kim & Day, 2011
Hardwood 18-25 24 -40 40 - 55 Malherbe & Cloete, 2002
Softwood 25-35 25-35 45-50 Malherbe & Cloete, 2002
Corn cobs 15 35 45 Prassad et al. 2007
Corn stover 19 26 38 Zhu et al. 2005
Rice Straw 18 24 32.1 Prassad et al. 2007
Nut shells 30-40 25-30 25-30 Abbasi & Abbasi, 2010
Newspaper 18-30 25-40 40 - 55 Howard et al. 2003
Grasses 10-30 25-50 25-40 Malherbe & Cloete, 2002
Wheat straw 16-21 26-32 29-35 McKendry, 2002
Banana waste 14 14.8 132 John et al. 2006
Bagasse 2333 16.52 54.87 Guimardes et al. 2009
Sponge gourd fibers 15.46 17.44 66.59 Guimardes et al. 2009

Table 1. Percent composition of lignocellulose components in various lignocellulosic
materials (Adopted from Igbal et al.).

64



4. Properties of hemicellulose

The second most abundant polymer after cellulose is hemicellulose which is
heterogeneously branched in nature. The backbone of the hemicellulose polymer is
built up by sugar monomers like xylans, mannans and glucans, with xylans and
mannans being the most common, in this case xylanases are the enzymes involved in
its degradation. Similar to cellulases the xylanases can act synergistically to achieve
hydrolysis, predominant enzymes within this system are endo 1, 4 b-xylanases which
attack the polysaccharide backbone and b-xylosidases. Hemicellulosic biomass
contains 25% to 35% of hemicellulose, with an average molecular weight of <30,000.
Cellulose and hemicellulose bind tightly with non-covalent attractions to the surface of
each cellulose microfibril. Hemicellulose degrades quickly due to its amorphous
nature. Among other important aspects of the structure and composition of
hemicellulose are the lack of crystalline structure, mainly due to the highly branched
structure, and the presence of acetyl groups connected to the polymer chain.

5. Properties of lignin

Lignin 1s generally the most complex and smallest fraction, representing about
10% to 25% of the biomass. It has a long chain, aromatic polymer composed largely
of phenyl propane units. Lignin acts like a glue by filling the gap between and around
the cellulose and hemicellulose complexion with the polymers. It is present in almost
all kind of cellulosic plant biomass and acts as a protective sheet against cellulosic and
hemicellulosic components of the biomass materials. Lignin consists of multifarious
and large polymer of phenyl-propane, methoxy groups and non-carbohydrate poly-
phenolic substance, which bind cell walls constituents together. Among them phenyl-
propanes are the main blocks of the lignin share in biomass residues. These phenyl-
propanes denoted as 0, I, Il methoxyl groups attached to rings give special structure I,
IT and III. These groups depend on the plant source which they are obtained. Structure
I exists in plants (grasses) and structure II is found in the wood (conifers) while
structure III presents in deciduous wood.

6. Biotechnological importance of lignocellulosic biomass

A large magnitude of lignocellulosic biomass resources is available as potential
candidates that are able to convert into high value bioproducts like bioethanol/biofuels.
The detailed step by step information on the conversion of lignocellulosic biomass into
fuel ethanol is illustrated in Fig. 2. From the last few decades there have been an
increasing research and developmental interests in the value of lignocellulosic biomass.
In this regard a considerable improvement from the green biotechnology related to
lignocellulose biomass has appeared. The ever-increasing costs of fossil fuels and their
greenhouse effects are a major concern about global warming. Therefore, all these
issues are creating a core demand to explore alternative cheaper and ecofriendly energy
resources.
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7. From cellulose to cellulases

Cellulose i1s a fibrous, insoluble, crystalline polysaccharide. It is a major
polysaccharide constituent of plant cell walls, composed of repeating D-glucose units
linked by B-1,4-glucosidic bonds and being the most abundant carbohydrate polymer
on earth. Cellulose has attracted worldwide attention as a renewable resource that can
be converted into biobased products and bioenergy. But nowadays, enormous amounts
of agricultural, industrial and municipal cellulose wastes have been accumulating or
used in efficiently due to the high cost of their utilization processes. Therefore, it has
become of considerable economic interest to develop processes for the effective
treatment and utilization of cellulosic wastes as cheap carbon sources. Cellulose is used
as a food source by a wide variety of organisms including fungi, bacteria, plants and
protists, as well as a wide range of invertebrate animals, such as insects, crustaceans,
annelids, mollusks and nematodes. These organisms possess cellulases and the
complete enzymatic system of them include three different types, that is, exo-B-1, 4-
glucanases (EC 3.2.1.91), endo-B-1,4-glucanases (EC 3.2.1.4), and B-1,4-glucosidase
(EC 3.2.1.21). These enzymatic components act sequentially in a synergistic system to
facilitate the breakdown of cellulose and the subsequent biological conversion to a
utilizable energy source, glucose. The endo-B-1,4-glucanases randomly hydrolyze the
B-1,4 bonds in the cellulose molecule, and the exo- B-1,4-glucanases in most cases
release a cellobiose unit showing a recurrent reaction from chain extremity. Lastly, the
cellobiose is converted to glucose by B-1,4-glucosidase.

8. Status and prospects of cellulases

Cellulase is an important and essential kind of enzyme for carrying out the
depolymerization of cellulose into fermentable sugars. As a major resource for
renewable energy and raw materials, it is widely used in the bioconversion of
renewable lignocellulosic biomass. Glucose, received from appropriate hydrolysis of
this lignocellulosic biomass under the treatment of advanced biotechnology, can be
used in different applications such as production of fuel ethanol, single cell protein,
feed stock, industrially important chemicals and so on. A number of fungi and bacteria
capable of utilizing cellulose as a carbon source has been identified. Among the
cellulolytic fungi, Trichoderma reesei has the strongest cellulose degrading activity,
and its cellulase has been widely investigated. Many other industrially important
enzymes produced by other fungi such as Trametes versicolor, Trichoderma,
Aspergillus and Rhizopus species have also been extensively studied by several
researchers.
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Fig. 2. Generalized schematic representation of lignocellulosic materials
bioconversion into ethanol. (Adopted from Igbal et al.)

9. Concluded remarks

The whole enzymatic process to hydrolyze lignocellulosic materials could be
accomplished through a complex synergistically reaction of these various enzymatic
components in an optimum proportion. Cellulases provide a key opportunity for
achieving tremendous benefits of biomass utilization. Currently, two significant points
of these enzyme-based bioconversion technologies are reaction conditions and the
production cost of the related enzyme system. Therefore, there has been much research
aimed at obtaining new microorganisms producing cellullase enzymes with higher
specific activities and greater efficiency. In addition, using lignocellulosic materials,
such as agricultural residues, grasses, forestry wastes, and other low-cost biomass can
significantly reduce the cost of raw materials for ethanol production compared to corn.
It is also predicted that the use of genetically engineered raw materials with higher
carbohydrate content combined with the improvement of conversion technology could
reduce the cost of ethanol a lot. All those will give a great help for solving the problems
of energy and food in the world. In a word, the cellulase enzymes will be commonly
used in many industrial applications, and the demand for more stable, highly active and
specific enzymes is also growing rapidly.
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Words and word combinations:

e value ['valyoo] — BennunHa;
e key opportunity — KJIr04eBble BO3MOKHOCTH;
o feedstock [ 'fedstdk] — chipbe;

e abundant [o'bondont] — 0OMIIBHBIN, pacIpOCTpaHEHHBIN;
e demand [do 'mand] — cmpoc;

e protective seal — 3anuTHas MJICHKA;

e worldwide [world wid] — mo Bcemy Mupy;

e fungi [ fangi:] — rpubkoBBIe 0Opa30BaHMsl, IIJIECEHD;
* gap [gap] — 3a30p;

e deciduous [di'sijo0as] — THCTBEHHDIIL;

e magnitude ['magno t(y)ood] — BenmunHa, pasmep;

e decade [ dekad] — necaTunerue;

e invertebrate [in vordobrot] — 6eCII03BOHOYHEBIH;

e crustacean [kra'staSH(o)n] — pakooOpa3Hblii;

e annelid [ 'an9 lid] — koabYaTHIN YEepBB;

e essential [o'sen(t)SHol] — cymiecTBeHHBII;

e enzyme [ enzaim] — pepMEHT.

Task 2. Summarize all the ideas of the article and write an essay.

Task 3. Make a presentation based on the article.
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Yacrs IV. BECEJIA 110 CHEHUAJIBHOCTH

SUMMARY

Task 1. Read the following instructions offered by Virginia Kearney, a university

expert in writing essays (https://owlcation.com/academia/How-to-Write-a-Summary-

Analysis-and-Response-Essay, 05.2019).

A summary is telling the main ideas of the article in your own words.

Steps in Writing

These are the steps to writing a great summary:

l.

2.

Read the article, one paragraph at a time.

For each paragraph, underline the main idea sentence (topic sentence). If you can't

underline the book, write that sentence on your computer or a piece of paper.

. When you finish the article, read all the underlined sentences.

. In your own words, write down one sentence that conveys the main idea. Start the

sentence using the name of the author and title of the article (see format below).

. Continue writing your summary by writing the other underlined sentences in your

own words. Remember that you need to change both the words of the sentence and

the word order.

Don't forget to use transition words to link your sentences together. See my list of
transition words below to help you write your summary more effectively and make

it more interesting to read.

Make sure you include the name of the author and article and use "author tags"
(see list below) to let the reader know you are talking about what the author said

and not your own ideas.

. Re-read your piece. Does it flow well? Are there too many details? Not enough?

Y our summary should be as short and concise as possible.
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Sample Format

Author Tag: You need to start your summary by telling the name of the article and the
author. Here are three examples of how to do that (pay close attention to the

punctuation):

1. In “How the Civil War Began," historian John Jones explains...
2. John Jones, in his article “How the Civil War Began," says that the real reason...
3. "How the Civil War Began," by historian John Jones, describes....

First Sentence: Along with including the article's title and author's name, the first
sentence should be the main point of the article. It should answer the question: What is

this essay about? (thesis).
Example:

In "How the Civil War Began" by John Jones, the author argues that the real reason
for the start of the Civil War was not slavery, as many believe, but was instead the

clash of cultures and greed for cash.

Rest of Summary: The rest of your essay is going to give the reasons and evidence
for that main statement. In other words, what is the main point the writer is trying to
make and what are the supporting ideas he or she uses to prove it? Does the author

bring up any opposing ideas, and if so, what does he or she do to refute them?

Here is a sample sort of sentence:

is the issue addressed in “(article’s title) ” by (author's name). The thesis

of this essay is . The author’s main claim is and his/her
sub claim is . The author argues . Other people argue
. The author refutes these ideas by saying . His/her

conclusion is
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Author Tag List

James Garcia "whole title"  argues carefully

"first couple

Garcia explains clearly
of words"
the article . o

the author describes insightfully
(book etc.)

. Garcia's .

the writer . elucidates respectfully

article

the historian (or

other the essay complains stingingly
profession)
essayist the report contends shrewdly

Transition Words List

Although In addition Especially
However Furthermore Usually

In contrast Moreover For the most part
Nevertheless In fact Most importantly
On the contrary Consequently Unquestionably
Still Again Obviously
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RESPONSE

Response answers: What do you think? Does this article persuade you?

How to Write

Generally, your response will be the end of your essay, but you may include your

response throughout the paper as you select what to summarize and analyze. Your

response will also be evident to the reader by the tone that you use and the words you

select to talk about the article and writer. However, your response in the conclusion

will be more direct and specific. It will use the information you have already provided

in your summary and analysis to explain how you feel about this article. Most of the

time, your response will fall into one of the following categories:

You will agree with the author and back your agreement up with logic or personal

experience.

You will disagree with the author because of your experience or knowledge

(although you may have sympathy with the author's position).
You will agree with part of the author's points and disagree with others.

You will agree or disagree with the author but feel that there is a more important

or different point which needs to be discussed in addition to what is in the article.

How will this article fit into your own paper? How will you be able to use it?

Here are some questions you can answer to help you think about your response:

l.

2.

What is your personal reaction to the essay?

What common ground do you have with the author? How are your experiences the
same or different from the author's and how has your experience influenced your

view?

. What in the essay is new to you? Do you know of any information the article left

out that is relevant to the topic?

What in this essay made you re-think your own view?
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5. What does this essay make you think about? What other writing, life experience,

or information would help you think about this article?
6. What do you like or dislike about the essay and/or the ideas in the essay?

7. How much of your response is related to your personal experience? How much is
related to your own worldview? How is this feeling related to the information you

know?

8. How will this information be useful for you in writing your own essay? What
position does this essay support? Or where might you use this article in your essay?

Sample Format

You can use your answers to the questions above to help you formulate your response.

Here is a sample of how you can put this together into your own essay:

Before reading this article, my understanding of this topic was . In my

own experience, I have found and because of this, my reaction to this

essay is . Interestingly, I have as common ground with

the author/audience. What was new to me is . This essay makes me think

. 1 like/dislike in the essay. I will use this article in my

research essay for

VOCABULARY

article — cTaThs;

summary — KpaTKoe H3JI0KCHHE, KOHCTIEKT;
rendering — pedepupoBanue;
uncommon — peJIKui;

finding — HaxoaKa, OTKPHITHE, TTOJTYyUYCHHBIC IAHHBIC,
to pay attention — yaensiTe/o0paiiath BHUMaHUE;
conclusion — yMO3ak/It0OU€HHE, BHIBO,

to highlight — BbIIEATE;

to comprehend — moHMMaTh, OCMBICTHBATH;
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rough draft — acku3, HaOpPOCOK;

firm grasp — 4€TKoe MOHMMAHHUE;

assignment — IpeANMUCaHNe, UHCTPYKITUS, 33a/IaHUC;

to explain — OOBSCHSTH;

in plain language — MPOCTHIM S3BIKOM;

referring to — ccblIasich Ha;

meaning — 3Ha4€HUE, CMBICIT,;

to convey — BeIpaKaTh, epeiaBaTh (UL, CMbICI);
appropriate — moaXoAsIINNA, COOTBETCTBYIOIIUH;

to feature in — mpuHUMATH y4acTue;

concisely — KpaTKko, C:KaTo, JIJAKOHHYHO, BBIPA3UTEIHLHO;
cut and paste — «BbIpe3aTh M BCTaBIATH» (O0OBEMHO IMTHPOBATH O€3 CCHUIKM Ha
HMCTOYHHK, KOMITUJINPOBATH);

jumble — xy4a; Oecrops0YHO CBAJICHHBIC B Ky4y BEIIIH;
borders on — rpaHuunTh grade — OIlEHKA, OTMETKA;

option — BapuaHT, alIbTEPHATHUBA; OTIIMS.

Task 2. Read and translate the text. Use its main ideas for rendering scientific articles:
How to write a Summary of a scientific article
Summarizing or rendering of a scientific article demonstrates your understanding of
the material and presents this information to an audience that may not have a science
background. It is not uncommon for a scientific article to describe an experiment and
discuss its findings. To write an effective summary, you must be able to focus on the
main ideas of the article. This also helps to understand scientific research better.
Instructions:

1. Read the entire article. Pay attention to the experiment methods and the

conclusions presented. Read the article more than once, if necessary.

2. Look up any words or methods you do not understand.
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3. Go through the article, and highlight its main ideas. Make sure you understand
the main points in each para graph. Take notes so you have a starting point for
your summary.

4. Test your understanding of the artic le by asking yourself questions about it. Try
explaining the concept of the article to a friend or family member in non-
scientific language. Determine if you can clearly explain the article in a way that
1s easy to comprehend.

5. Start a rough draft of your summary, using the notes you've written. Review the
article to ensure you have a firm grasp of the conclusion. Summarize the article's
conclusion. Offer your own interpretation of the conclusion along with your

opinion of the article's content.

Task 3. Look through the “George Mason University Recommendations” on the

writing of a summary of a scientific article. Be ready to answer the questions:

This assignment is generally intended to help you learn to synthesize scientific
materials and communicate the main points effectively, using plain language.

Start by making sure you understand the central points of what you read. Explain the
article in plain language to someone else and answer questions without referring back
to the article, to make sure you have grasped the essence of what you read. Dr. James
Lawrey in the Biology Department uses this assignment to teach students to pick out
the meaning of an article and convey the main points. The appropriate writing style for
a summary of a scientific article is to use simple sentences that express one or two
ideas. An example might be a story featured in the mainstream media that explains a
recent scientific finding, bringing out the important aspects concisely and without too
much scientific jargon. Do not "cut and paste" from the article. When students do
not really understand what they read, their writing is a jumble of statements nearly
straight from the article, with no interpretation or synthesis of the article's findings.

This strategy is common among students who wait until the last minute to complete
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assignments. Besides the fact that this practice borders on or actually is plagiarism, it
shows that students do not understand what they are writing about, and their grades

reflect this.

Task 4. Answer the questions:

1. Who is James Lawrey? 2. What should you do at first while writing a summary?
3. Does the author limit the number of times his students should read the scientific
article they are to summarize? 4. When do students use ‘““cut and paste” function while
writing a summary? 5. How do you understand the term “plagiarism”?

Task 5. Retell the Instructions on writing a Summary of a scientific article.

Task 6. Read the definition of summarizing/rendering in Russian. Try to remember as

many set phrases as possible. Use them in the rendering of scientific articles.

PedepupoBanne HaydHBIX CcTaTeii Ha aHIJIMICKOM S3BIKE — BaXXHBIM HABBIK,
HEOOXOIUMBIN JTHO0OMY coBpeMeHHOMY HHeHepy. CyTh pedepupoBaHUsS MOXKHO
CBECTH K aHAJIM3y MPOYUTAHHOUN aHTIIOS3BIYHOW pabOTHI C BBIJCICHUEM €€ TITaBHOU
UeH, OMHCAHHEM IMEPEUUCIECHHBIX aBTOPOM (DAKTOB W JOBOJOB M TOJIBEIEHUEM
WUTOTOB.

C sroit HCJIbIO MOKHO HMCIIOJIB30BATDH PsAJI BBOAHBIX A3BIKOBBIX KOHCTPYKHI/Iﬁl

1. Ha3Banue cratbu, aBTOp, cTHIb. The article ’'m going to give a review of is taken
from... — Crarbs, KOTOpPYIO 5 ceiuac Xouy MnpoaHanu3upoBaTh u3... The headline of
the article is — 3arosioBok ctateu... The author of the article is... — ABTop cratbu... It
is written by — Ona nHanucana (kem)... The headline foreshadows... — 3aronoBok

OPUOTKPHIBAET. ..

2. Tema. Jlornueckue yactu. The topic of the article is... — Tema ctatbu 370... The
key issue of the article is... — KimroueBsIM Bonipocom B cTaThe siBisiercs... The article
under discussion is devoted to the problem... — O6cyxnaemasi cTaThsi MOCBSILIEHA

npobsneme... The author in the article touches upon the problem of... — B ctaTse aBTOp
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3aTparuBaeT mpoodiemy.... I’d like to make some remarks concerning... — S Obl
xoTe(a) caenaTth HECKOJbKO 3aMeuaHuii mo moBoxdy... I’d like to mention briefly
that... — XoTenocs Obl KpaTKO OTMETUTH, uToO... I’d like to comment on the problem
of... — 4 OwI XoTen(a) mpokoMMEHTHpOBaTh podiieMy... The article under discussion
may be divided into several logically connected parts which are... — CtaTbs MOXeT

OBITH pasaciicHa Ha HCCKOJBKO JIOTHYCCKH B3aUMOCBS3aHHbBIX ‘laCTeﬁ, TaKHX KakK...

3. Kparkoe cogep:xkanue. At the beginning of the article its author... — B nauane
CTaTbU aBTOP... ... describes — omuceiBaeT ...depicts — nzodpaxaer ...touches upon —
3aTparuBaer ...explains — o0O0BsicHAET ...introduces — 3HAKOMHUT ...mentions —

ynomuHaeT ...makes a few critical remarks on — gemaeT HECKOIBKO KPUTHUECKUX
3ameuanuii o The article begins (opens) with a (the)... — Cratbs HaumHaercs...
...description of — ommcanmem ...statement — 3asBiaeHuem ...introduction of —
npenacraBieHueM ...the mention of — ymomunanuew ...the analysis of / a summary of
— KpaTkuMm aHanmu3oM ...the characterization of — xapakrepuctukoii ...(author’s)
opinion of — MHeHueM aBTopa ...the enumeration of — mepeunem In conclusion the
author — B 3akmtoueHue aBTop ...dwells on — ocTanaBnuBaercs Ha ...points out —
yKa3bIBaeT Ha TO ...generalizes — o0oOmiaer ...reveals — MOKa3bIBaeT ...eXposes —

MOKAa3bIBACT ...accuses / blames — 00BuHSET ...gives a summary of — maet 00630p...

4. OTHOlIeHHe aBTOpa K oTAeJbHbIM MoMeHTaM. The author gives full coverage
to... — ABTOp IOJIHOCTHIO OXBaThIBaeT... The author outlines... — ABTOp onuchHIBaeT. ..
The article contains the following facts..../ describes in details... — CtaTes coaepxuT
cnenyromue (akThl .... / moapoOHo onuckiBaeT... The author starts with the statement
of the problem and then logically passes over to its possible solutions. — ABTOp

Ha4YWMHACT C IIOCTAHOBKHU 3aAdda4dH, 4 3aTCM JIOTUYCCKHU IICPEXOAUT K €€ BO3MOKHBIM

pemenusM. The author asserts that... — ABTop yTBepknaer, uto ... The author resorts
to ... to underline... — ABTOp nmpuderaer K ..., 4TOObI MOTYEPKHYTH... Let me give an
example... — [1o3BobTE MHE PUBECTH MIPUMED. . .
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5. BeiBoa aBTopa. In conclusion the author says / makes it clear that.../ gives a
warning that... — B 3akmroueHwe aBTOp TOBOPUT / MPOSICHSAET, YTO... /
npeaymnpexmaaer, 9ro... At the end of the article author sums it all up by saying ... — B
KOHIIE CTaTbHU aBTOP IMOJBOJIUT UTOT BCEro 3TOro, ropops... The author concludes by
saying that.../ draws a conclusion that... / comes to the conclusion that... — B

3aKJIFOYCHUC aBTOP I'OBOPUT, 4YTO .. / ACJIaCT BBIBOJ, YTO... / IMPpUXOAUT K BBIBOAY, YTO...

6. Boipa3uTeibHble CpeICTBa, HCNOJIb3yeMble B cTaThe. To emphasize ... the author

uses... — UToObl akileHTUPOBaTh BHUMAHUE ... aBTOP UCMoJb3yeT... To underline ...
the author uses... — UToObI MOAYEPKHYTH ... aBTOp UCMONb3yeT To stress... — UToObI
YCWINTBH/TIOAYEPKHYTh. .. Balancing... — banancupys. ..

7. Bam BeIBoA. Taking into consideration the fact that — [Ipunumas Bo BHUMaHHE TOT

dakt, yto The message of the article is that... /The main idea of the article is... —

OcHoBHas ujes ctaTbu (mocinanue aBropa)... In addition... / Furthermore... — Kpome
TOTO. ..

On the one hand..., but on the other hand... — C onHOI CTOpPOHEI ..., HO C APYrou
cTopoHbI... Back to our main topic... — Bo3Bpaiasch k Halieir OCHOBHOM Teme... To

come back to what [ was saying... — YToObl BepHYTbCS K TOMY, UTO s TOBOpHiI(a)... In
conclusion I’d like to... — B 3akmouenue s xoren(a) Obl... From my point of view... —
C moeit Touku 3penns... As far as [ am able to judge... — Hackonbko st MOTY CyZTUTB. ..
My own attitude to this article is... — Moe 1u4HO€ OTHOIIEHHE K 3TOM cTaThe... | fully
agree with... /I don’t agree with... — 5l momHOCTBIO coryiaceH / He coriaceH c... It is
hard to predict the course of events in future, but there is some evidence of the
improvement of this situation. — TpynHo npeackazaTh X0 COOBITHI B OyAyIleM, HO
€CTh HEKOTOPbIE CBUACTENbCTBA yiyuleHus cutyauuu. I have found the article dull /
important / interesting /of great value — Sl HaXxO0Xy CTaThlO CKY4YHOW / Ba)KHOW /

WHTEPECHOW/ UMeroIel 00IbII0e 3HaueHne (IIeHHOCTh).
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Task 7. Retelling

Read text of the article several times. Work in pairs or groups. Divide text into parts,
so that each group will have at least several sentences. Select the key words in the texts,
type them in Word it Out (https://worditout.com/) and generate a cloud. Retell the story
with the help of the generated word clouds. If two words need to be together, imagine
“suffer from”, you only need to insert _ between the two words and they’ll be kept

together in the cloud.

IIpumep paccka3za 0 HAYYHBIX HHTEpPecax MaruCcTPaHTa:

1. What is your name? - My name is Ivan Ivanovich Ivanov.

2. What educational institution did you graduate from? When? -1 graduated from
...in 20...

3. What is your speciality? -My speciality is .../ My profession is ...

4. Why did you decide to take a post-graduate course? -I decided to take a post
graduate-course because I had been interested in science since my 3-d year at the
University / because scientific approach is very important in my profession.

5. What is the subject of your future scientific research? -The subject of my
scientific research is ... -My future scientific research is devoted to the problem of ...
- My future scientific research deals with the problem of ...

6. Who is your scientific supervisor? -My scientific supervisor is Ivan Petrovich
Petrov, Professor, Doctor of technical/ economic sciences, Head of the Chair of ... /
Head of the Department of ... -He has got a lot of publications devoted to the problem
of ...

7. Have you ever participated in any scientific conferences? -Yes, I've
participated in many conferences devoted to the most actual problems of
economy/physics/geodesy/hydrology etc. -Not yet, but I hope, together with my
supervisor, I’ll prepare some reports for scientific conferences/I’1l take part in several

conferences in the near future.
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8. Do you have any publications? -Yes, I’ve got some publications connected with
my research. - Not yet, but I hope, together with my supervisor, I’ll prepare some
publications, they will be devoted to my research.

9.What methods are you going to use in your investigation? -Together with my
supervisor we are going to apply such methods as theoretical, experimental, practical
and computational methods because they will help me to complete my research.

10. What will your scientific research give the world? In what way can your
investigation/research be useful to ... science?

-I think / I hope / I dare say that the problem of our scientific research is very

urgent and our scientific research will be very useful for ... / it will help people in the

field of ...
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CoxkpaineHusi, BCTpe4yaommecs B TEKCTaX

COKpalleHue yuTaeTCs/03HAYAET nepeBoj

% percent (per cent) [pa'sent] MIPOTICHT

°C degrees Centigrade rpaxyc (Llembcust)
°F degrees Fahrenheit rpanyc (Papenreiita)
etc. [et'set(o)ra] 1 TaK jJajee

e. g. for example HarpuMep

1. e. that is TO €CTh

Temneparypa yuraercs:
25° C — twenty-five degrees Centigrade ['sentigreid] (mo mikane [{enbcus);

34° F — thirty-four degrees Fahrenheit ['feeronhait] (o mkane ®@apenreiita).
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XUMHYECKHE 3JIEMEHTBI: CHMBOJIbI U IMPOU3HOIICHUE

Symbol | Name Pronunciation

Ac Actinium [eekt'tnteam/
Ag Silver ['s1lva/

Al Aluminium [eelju'miniam/

Am Americium /ema'ristam/

Ar Argon ['a:gon/

As Arsenic la:snik/

At Astatine ['eestoti:n/

Au Gold ['gauld/

B Boron ['bo:ron/

Ba Barium /'bagrtoam/

Be Beryllium /ba'rilzam/

Bh Bohrium 'bo:rtam/

Bi Bismuth /'b1zmab/

Bk Berkelium /'b3:kltam/

Br Bromine /'breusmi:n/

C Carbon /'ka:ban/

Ca Calcium /'keelstom/

Cd Cadmium /'keelmiom/

Ce Cerium /'si:rram/

Cf Californium /keel1' fo:ntem/

Cl Chlorine ['Klo:ri:n/

Cm Curium /'kju:rtam/

Co Cobalt ['kaubolt/

Cr Chromium ['kresmiam/

Cs Caesium /'si:ztom/

Cu Copper /'kopa/

Db Dubnium /'dabniam/

Ds Darmstadtium /da:m'staettom/

Dy Dysprosium /d1s'prauvziam/

Er Erbium /'3:brem/

Es Einsteinium /ain’'staintem/

Eu Europium /ju: ‘respream/

F Fluorine ['fluari:n/

Fe Iron ['aran/

Fm Fermium /' f3:m1em/

Fr Francium /' freenstom/

Ga Gallium /'geeliam/

Gd Gadolinium /gaeda’lintam/

Ge Germanium /d3e 'meiniam/

H Hydrogen /"hardradzan/

He Helium /"hi:ltam/

Hf Hafnium ["haefniem/

Hg Mercury /'m3:kjurt/

Ho Holmium /"hauslmiam/
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XUMHYECKHE 3JIEMEHTBI: CHMBOJIbI U IMPOU3HOIICHUE

Hs | Hassium /"haesiam/

] lodine /'aradi:n/

In | Indium /'Indiem/

Ir | Iridium /1'ridiem/

K | Potassium /pe teesiam/
Kr | Krypton /'kripten/

La | Lanthanum /'leenBanam/
Li | Lithium /'l1@18m/

Lr | Lawrencium /Ia'renstam/
Lu | Lutetium Nlju: ti:fem/

Md | Mendelevium /menda’liviam/
Mg | Magnesium /maeg ni:ztam/
Mn | Manganese /'maengani.z/
Mo | Molybdenum /ma’ltbdenam/
Mt | Meitnerium /mait'n3:rram/
N | Nitrogen /'nartradzan/
Na | Sodium /'seudrem/

Nb | Niobium /na1’'aubiam/
Nd | Neodymium /ni:au’ dimiam/
Ne | Neon /'ni:on/

Ni | Nickel /'nikal/

No | Nobelium /nau bi:ltam/
Np | Neptunium /nep'tju.ntem/
O | Oxygen /'oksidzen/
Os | Osmium /'ozmiem/

P | Phosphorus /' fosferes/

Pa | Protactinium /proutaek tintoam/
Pb | Lead /'led/

Pd | Palladium /pa’lerdiom/
Pm | Promethium /pra’'mi:B1eam/
Po | Polonium /pa’leuniam/
Pr | Praseodymium | /preiziay dimiam/
Pt | Platinum /'pleetinam/
Pu | Plutonium /plu: tesniam/
Ra | Radium /'rerdiem/

Rb | Rubidium /ru:'bidiem/
Re | Rhenium /'ri:nzam/

Rf | Rutherfordium /randa fo:drtem/
Rg | Roentgenium /ront'gentam/
Rh | Rhodium /'roudiam/

Rn | Radon /'rexdon/

Ru | Ruthenium /ru:'Bi:ntam/
S | Sulphur /'snlfa/

Sb | Antimony ['@&ntimani/
Sc | Scandium /'skeendiem/
Se | Selenium /sa'li.ntem/
Sg | Seaborgium /si:'bo:grem/
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Si Silicon /'s1likan/

Sm | Samarium /se'meartam/
Sn | Tin /'tin/

Sr | Strontium /'stronttam/

Ta | Tantalum /'teentalom/

Tb | Terbium /'t3:bram/

Tc | Technetium /tek ni:ftam/

Te | Tellurium /te'luartem/

Th | Thorium /'02:rteam/

Ti Titanium /t1'teintoam/

Tl Thallium /'Baelteam/

Tm | Thulium /'Bju:ltem/

u Uranium /ju'reinzem/
Uub | Ununbium /ju:'nanbram/
Uuh | Ununhexium / ju:nan’heksiom/
Uuo | Ununoctium Jju:na ' noktrtem/
Uup | Ununpentium /ju:nan penttam/
Uuq | Ununquadium /ju:nan’'kwodiam/
Uut | Ununtrium /ju:'nantrrem/

14 Vanadium /ve'nerdrem/

W | Tungsten /'tanstan/

Xe | Xenon /'zenpn/

Y Yttrium ['1trram/

Yb | Ytterbium /1't3:brom/

Zn | Zinc /'zink/

Zr | Zirconium /z3:'kauniom/

Yrenne HauboJ1ee pacCPOCTPAHEHHBIX COEIMHEHUI:

CO:2 Carbon dioxide ['ka:bandar'oksaid] YrneKucnbln ras
CO Carbon monoxide ['ka:banma'noksaid] yrapHbli1 ra3
NO: Nitrogen dioxide ['nartradzon dar'oksaid] OBYOKUCb a3oTa
N20 Dinitrogen oxide [da1 nartred3en 'pksaid] OVHUTPOOKCUA,
NO Nitrogen oxide [nartrad3on 'nksaid] oKcua asoTa
N204 | Dinitrogen tetroxide [da1 nartred3en te'troksard] | gMHUTPOTETPOKCUL,
SOz Sulphur dioxide ['salfs dar'pksaid] OBYOKUCb cepbl
SOs Sulphur trioxide ['salfs trar'nksaid] TPEXOKNCH Cepbl
H2S04 | Sulphuric acid [sel'fju(a)rik 'eesid] cepHasa Kncnorta
HCI Hydrochloric acid ['haidre'klorik 'sesid] congHas Kucnora
HNOs | Nitric acid ['nartrik 'eesid] a30THas Kucnorta
PCls Phosphorus pentachloride | ['fosf(a)ras 'penta'klo:raid] | neHTaxnopug
docopa
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