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RESUMEN

La pronunciacion de palabras en inglés en el anditotifico internacional puede ser
muy problematica, lo cual puede llevar a la faltaoderror en la comunicacion entre los
miembros de este campo en términos de inteligdallida razon por la que un mensaje
llega a ser ininteligible es porque el interlocutoee haber oido otra palabra (y por
consiguiente, otro significado) o incluso por ndéraentendido nada. Este estudio se
centra en aquellas palabras cuya ortografia e$ iguwamilar en espafiol e inglés, pero
difieren a nivel fonético, en el patrén acentuanabos. Esta idea de semejanza formal
se ha unido a la nocion de “falso amigo”.

Dada la inexistencia de pautas normativas en cuatg@ronunciacion estandar
de tecnicismos cientificos, esta disertacion tiem@o objetivo demostrar la dificultad
que conlleva la interaccion entre cientificos deréntes nacionalidades en un contexto
de inglés como Lingua Franca. Para ello, se harado como punto de partida dos
variedades generales del inglés, RRedeived Pronunciationy GA (General
Americarn). La seleccion de palabras utilizada en este estudviene de diferentes
fuentes: resumen, clases teoricas y glosarios.

Este material se ha analizado desde un punto tke cuslitativo y cuantitativo.
Mediante el estudio cualitativo se ha demostradoddé&e pueden encontrar las
diferencias tanto a nivel segmental como suprase@ine Ademas, el estudio
cuantitativo ha servido para aclarar con qué freciaeaparecen dichas dificultades.

El andlisis de este trabajo se ha desarrolladavedrde la comparacion de la
clasificacion propuesta por Roca Varela y mi prapésificacion, concluyendo que es
de gran importancia ser conscientes de doéonde puedér las diferencias en
pronunciaciéon de dos palabras formalmente similavegguales en dos idiomas
diferentes ya que puede llevar a una interpretamitinea del mensaje.
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1. INTRODUCTION

This dissertation aims to prove that the pronuramabf words that have a formal
resemblance in English and Spanish in the fieldaénce may turn out to be very
problematic and lead to speakers” frustration amsumderstandings in spite of the
etymology of those words. This study is going tdbsed on the context of English as a
Lingua Franca (ELF), that is, on interactions irghsh between non-native speakers.

Nowadays the use of English in the field of intéior@al science is very
frequent. A great amount of scientific literatusepublished in English so that it can be
understood by all this particular community arouhé world. However, not only
written publications are produced in English, bisbdectures and conferences, among
others, take place in this language, which has roecthe most relevant medium of
communication. Being able to communicate in Engle&tequately in this field of
knowledge has always been very troublesome, bathdtive and non-native speakers,
since it is very hard to find the correct pronutioia of technical words because of the
lack of appropriate dictionaries of pronunciatidrsocientific terms.

Regarding the etymology of scientific terms, theme predominantly from
Greek and Latin. It is not useful for the presemtdg to keep in mind the origins of
those technical terms since knowing the etymoldgyhase words does not in this case
come to the aid of providing any guidance on thanpnciation of those terms, but only
on their meaning.

One of the main problems appears when an L2 spdakes a word that is
formally similar to another word in their L1. This likely to provoke a breakdown in
communication because of “the transfer of L1 souridenkins, 2000, p. 88). Hence,
non-native speakers of English will have to be fthnehen talking not only to native

speakers (English as a Foreign Language (EFL))idbather non-native speakers from
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other nationalities in the context of English atiagua Franca (ELF), which is the
central setting of my study.

The idea of formal resemblance between two worols fdifferent languages is
linked in this study to the notion of false frienkhspronunciation. The study of false
friends remains a compelling subject for L2 leasnef English to become more
proficient in their learning process. The conceptatse friends has been discussed by
authors such as Chamizo Dominguez (2006), who efihem as “two given words
which are similar or equivalent graphically or pktaally in two or more given
languages but have different meanings” (p. 426hetheless, most of them centre their
studies and reflections around on the meaningnbtitaround the form of those false
friends. Hence, they propose their own classifisaitaking semantics into account, a
goal that is not related to the present study. A@otype of classification of false
friends is the one proposed by Postigo Pinazo (199&r classification is divided into
four categories: “(a) phonetic false friends; ¢goaphic false friends; (c) false friends
derived from loanwords; and (d) semantic falsenfilie which could be subdivided into
total or partial” (as cited in Chacon Beltran, 20p633). This classification is too wide
and extensive for my analysis but, if that weredlassification of choice, all my study
would be focused on the phonetic false friendsgmate

In spite of the existence of apparent shortcomingse different typologies of
false friends, the most suitable classificatiort tHaave found and that can be applied to
my study is the one put forward in Maria Luisa Rdedera” s doctoral thesis. She
proposes three types of false friends regarding tbemal resemblance: “orthographic
false friends”, “phonetic false friends” and “ortpbonetic false friends” (Roca-Varela,

2012, p. 23). However, this classification stilsha disadvantage, namely, that false
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friends are classified paying attention to whethere are formal similarities as well as
differences:

- Orthographic FF: similar spelling, different promiation

- Phonetic FF: similar pronunciation, different syl

- Ortho-phonetic FF: similar spelling and pronunaati

For the present study false friends have to be rstmled as words that show
formal resemblance in Spanish and English, thavesds that may have the same or
similar spelling, but do differ in pronunciation #ie segmental, suprasegmental or at
both levels at the same time. This is the reasoy Wwinave proposed my own
classification of false friends regarding pronutioi which will be compared to Roca-
Varela’s classification and which will help to draseme conclusions about the
difficulties of pronouncing not only technical balso common words that are also used
in the scientific field. In addition, the parametef the Non-Core Features stated by
Jenkins (2000) will be applied to characterizedbetext of English as a Lingua Franca
(ELF)..

Finally, | have to add that my main motivations éoosing this topic are, first,
my interest for sciences since | was very young el always studied sciences until |
entered the BA in English Studies; second, my cptiae that speaking is a skill as
important as writing and teachers would have to emalre emphasis on it, as pointed
out by Sakale (2012), and third, I think it is akgt interest for students of sciences to
be able to have a conversation in English using tteehnical language and being
aware of where the difficulties in pronunciatioeaespecially in the current situation in
which many Spanish scientists have to migrate t®roEuropean countries, such as

Germany, France and Sweden, seeking for a jolerktattheir studies.
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This dissertation is organised into several p&itst, | explain the methodology
I have followed in this study to carry out my arsadysince it is based on a wide variety
of sources; second, results are commented on,dimgjuhose obtained according to
Roca-Varela” s classification as well as thoseinbthaccording to mine. These results
are presented through a table and two differemiiggdior each classification: the table
contains the total numbers and percentages obtaimedyraphs, one is a column graph
so that results from the different texts can beeoked and the other, a pie graph
necessary to show the global results in a broadesppctive. Finally, a discussion of

the main conclusions from my analysis is provided.

2. METHODS

This study has been carried out during the secentester of the academic year 2014-
2015. This has allowed me to carry out the analysithe context of English as a
Lingua Franca (ELF), leaving behind that of Englsha Foreign Language (EFL); that
is to say, the analysis has been done in connewtittna context in which English is
used “among speakers of different first languages Whom English is the
communicative medium of choice, and often the aplijon” (Seidlhofer, 2011, p. 7)
Three different types of materials have been inmfuch the analysis: at the
rhetorical level, one abstract and two lectureshatlexical level, two wordlists which
have functioned as glossaries in this study. Writted spoken registers have been used
in order to demonstrate that the same kind of Ilsxidilised in both of them within the
scientific field. The abstract has been taken faomarticle entitled “Heat Reduction in
Semiconductors by Phonon Annihilation”. The lecsuceme from MICASE (Michigan
Corpus of Academic Spoken English): the first anentitled “Structure and Reactivity

Il Lecture” and the second one, “Biology of Candegcture” In the case of the two
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wordlists, they have been taken from the coursekddmnglish for Environmental
Science in Higher Education Studi@sdEnglish for ICT Studies in Higher Education
Studies.The selection of words from the previous books hgéoto word sets that are
said to be of particular use to students of thasddd.

The three specific genres (abstract, lecture aoslsgry) are shared by different
discourse communities, that is, they are relatetbooinded groups of people (defined
respectively by the texts they use and by the estthey engage in together).”
(Scollon, 2012, p. 9) Here, the discourse commemili am referring to are health
science, computing science, environmental sciendeeagineering. Broadly speaking,
this study focuses on the discourse system of sgiefhe notion of discourse system
has to be understood as a broader term than dsEcommunity, since it is discourse
system that is normally associated with very laggmips of people who share ideas and
beliefs about the world, who have the same behaviwhen meeting other people, who
use the same type of texts and whose methods wfingaare very similar. (Scollon,
2012)

In the case of sciences, it is almost compulsointowv English if you are not an
English-native speaker, since the great majoritgadéntific publications are produced
in English. Consequently, it is a must to put bptieductive skills (speaking and
writing) into practice since the scientific commiyndiffers from others “not only [in]
the grammatical, lexical, and phonological featwktheir language..., but also [in] the
topics they choose to talk about, the way theygmemformation, the style with which
they interact, in other words, [in] their discoumecent” (Kramsch, 1998, p. 7). The
problem appears when undergraduates have to leaghsk oriented to a specific
purpose (English for Specific Purposes), such agiginfor Environmental Science or

English for ICT Studies (like the examples in tHesgaries), but this is done with a
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considerable emphasis on the learning of writteguage whereas the spoken language
is almost forgotten. Hence, those students wilehanany difficulties when dealing with
speech events such as lectures and conferencdbeiagronunciation may not be
understood because incorrect phonemes are usegtaude they are not able to place
the word stress appropriately.

In order to round off the process of data collettior my study, three different
Spanish-speaking EST students were interviewed: jon®r student from design
engineering, one senior student from computer seieand one postgraduate from
nursing. All these students have an intermediatel lef English but they have had a
very slight amount of exposure to technical Englighuniversity. The three of them
come from the University of Zaragoza and only thesmg student was offered an
optional module on English for Nursing.

After the above five sources of information werg¢abBshed, a selection of
words was made in order to determine the wordsappear to be false friends for the
pronunciation of scientific and technical Englisih $panish speakers. The selection
includes both technical terms and common wordsfrest from the field in English
that have a formal resemblance to Spanish wordesdlwords have been treated in
isolation, that is to say, the noun phrases thpeaged in the glossaries were divided
into single words so as to keep the same paradiginoth classifications.

The analysis was in the first place carried outlm basis of the classification
proposed by Roca-Varela. However, this classifocatioes not really pay attention to
where the differences and the subsequent diffesilind mistakes reside in terms of
pronunciation. Thus, | set out to propose my owassification dealing with false
friends in English and Spanish which have a formeglemblance but differ in the

pronunciation of specific phonemes, in the stredtem or in both. Consequently, my
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classification is more exclusive and it can onlyapplied when there is a consistent
difference at the segmental level (Phoneme Falendis), at the suprasegmental level
(Stress False Friends) or at both levels at theegsame (Phoneme-Stress False Friends).

As | have previously said, this analysis takes @lat the current context of
English as a Lingua Franca, that is, a contexthickvEnglish is used as a medium for
communication among non-native English speakerss fifteans that in this situation
certain aspects in pronunciation have to be pisedt whereas others have to be set
aside. It was in the 1980s with the arrival of Commncative Language Teaching that
there was a complete change in those priorities. Sfevens (1989) put forward, the
reason why these changes happened was that “gbsence of complete mutilation of
the phonemes by the non-native speaker, the sypnaseals will carry the day because
they bear the meaning of the message.” (p. 183) eédew yet nowadays teaching
materials prepare students for interactions witiivaeEnglish speakers. (Walker, 2010,
p. 26)

Regarding the previous mismatch, Jennifer Jenlnmng others ELT experts,
studied the use of English pronunciation in thetewinof English as a Lingua Franca in
both classroom and social settings. (Jenkins, 2b@d)data was recollected from non-
native English speakers that were studying Engtigshe UK and whose level was from
“upper-intermediate to low advanced level”. (20p@B7) As a result, she could realise
the fact that “pronunciation was found to be thesmmportant cause of breakdowns in
ELF communication.” (Walker, 2010, p. 26) Consedlyershe was able “to establish
the Lingua Franca Core, a list of pronunciatioomgecentral to maintaining mutual
intelligibility of ELF” (2010, p. 27) As well as thLingua Franca Core, she put forward

several Non-Core Features. These features are thasdo not create intelligibility in
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the context of ELF, but which paradoxically, doateeintelligibility in the context of
English as a Foreign Language (EFL).

In the present study, the analysis has been dang heth Received Pronunciation and
General American pronunciations as the startingitpgioir both classifications because,
as Spicer (2011) explained, “in order to safeguardtual intelligibility [in ELF
contexts]...there is general agreement that a degfeeative speaker accent is
desirable, but that this should be regarded nthe@sorm’..., but a point of reference,
a ‘model’ for guidance and approximation” (p. 1)hefefore, although taking both
varieties of English as points of departure, thare some important phonological
features in both varieties which belong to the NBore Features proposed by Jennifer
Jenkins that have to be clarified in terms of these for this study. The phonological
features | am referring to are:

« Word stress Jenkins described word stress as a “grey are@0((2p.150)
because it can cause unintelligibility for natiyeeakers. Nevertheless, the only
situation in which there can be a breakdown iséfr¢ is a change in both word
stress and a certain sound. (Walker 2010, p. 48gnce, | had placed word
stress in the “dark area”, that is, from my poihtvew, word stress can cause
misunderstandings since the words cannot be idemtgroperly in terms of
grammar, even if there is no phonological changéhenuclear syllable (the
syllable that carries the stress).

* Vowel reduction, schwa, and weak forndgnkins found that “despite the fact

that it is easy to formulate clear rules about wdakm use, they are
unteachable.” (Jenkins 2000, p. 147) Taking thist fanto account, my
classification is not going to bear in mind any wbweduction, the schwa and

any weak form in the unstressed syllables of waidse the message can be
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understood if the word stress is properly placedh@ word. However, the
diphthongisation of any vowel in the stressed &#aor even in unstressed
words, is going to be taken into account, too, bseat is a relevant change in
the pronunciation of a sound that may cause a Howak in communication.

3. RESULTS

The comparison of both classifications yields a henof outstanding results. First, as |
have mentioned in the previous section, the classibn that | have proposed is more
restrictive than that of Roca-Varela. This leadsatoeduction of the total number of
words to which we have to pay attention. As carséen below, 5.8% of the total of
words is not considered as being problematic aaegrtb my classification (647 in

Table 1.1 and 609 in Table 2.1).

3.1.Frequency of false friends according to Rocee\as classification:

TOTAL (ROCA-VARELA’'S CLASSIFICATION)
B\ IR Orthographic FF  Phonetic FF  Ortho- Phonetic FF

1

14

0 23 B

0 23 65

262

247
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GRAPH 1.2
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m Ortho- Phonetic FF
M Phonetic FF

B Orthographic FF

GRAPH 1.3

B Orthographic FF
B Phonetic FF

m Ortho- Phonetic FF

As can be seen in Table 1.1, the total of wordshhae been analysed is 647, includ

those words whose pronunciations differ sufficenth RP and GA and tho:s

compounds which have been considered as singleswiarderms of pronunciatiol

These words are “epsilon” (Text 2), “motile” (TeX}, “diversity” and “stratum” (Tex

4), and “privacy” (Text 5). The British pronunciati of “epsilon”, “motile” anc

“diversity” has been placed in the column of OrthograpHicds they have a simil

spelling to the Spanish words but differ in pronation. However, the Britis

pronunciations of “stratum” and “privacy” have begmuped in the column of Ort-
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phonetic FF, as they are more similar to the Spawsrds in terms of both form and
pronunciation

It can be seen that there is 0% (exactly, 0, 008#4yhonetic FFs (those that
have a similar pronunciation but different speljinghe only two words that have been
placed in this column are “gorilla” and “salmongllaut even the difference in spelling
of both words is minor. It can be seen as a dithieued line in column 4 and in the
total column of Graph 1.2., which represents these cases. Therefore, most words
have been distributed almost equally between thleoQraphic FF column (311 words:
48%) and the Ortho-Phonetic FF one (334 words: 52%g¢se results show that those
words that have a similar spelling present alm08t ®f possibilities of having either a

similar or a different pronunciation. (Graph 1.3)

3.2.Frequency of false friends according to mysifastion.

‘ TOTAL (MY PROPOSED CLASSIFICATION) -
VA= IR= N Phoneme FF  Stress FF Phoneme-Stress FF TOTAL

3 10 14

12 34 61

15 9 41 65

35

TOTAL

TOTAL (%)
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GRAPH 2.2
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M Phoneme FF
M Stress FF

m Phoneme-Stress (P-S) FF

The number of words has been restricted to a tdtéD9, as can be seen in Table .
taking into account once again both RP and GA pmomations as ‘ell as isolated
words. The words that have a significant variatiotheir pronunciation depending «
these two accents and a type of variation thatievant for this classification a
“epsilon” and “methylamine” (Text 2), “nutrient” dn“tumor” (Text 3), “altitude”,

“‘consume” and “stratum” (Text 4), and “consume” iag@lext 5). In this case, tf
British pronunciation of all these words has bekssified in the column of Phone-

Stress FFsas they have differences at both lev
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382 out of 609 words are Phoneme-Stress FFs, sh&3P6 of words belong to this
group. There are 117 Phoneme FFs (19%) and 118sSt#es (20%). They correspond
approximately to two fifths of the total of word&raph 2.3). In this case, the table
shows that more than half of the words presengtiaris both at the segmental and at
the suprasegmental level. The number of wordsdifiars in either phonemes or word
stress is far less significant, but they cannab\erlooked.

As | said before, Jenkins pointed out that the gegblem in the context of
English as a Lingua Franca is when the erronecarsepient of stress comes together
with unexpected phonemes. This case represent068#rds that have been analysed.
Consequently, it is really worth studying these @gobecause they can be troublesome
for students of sciences, without underestimatimugé¢ that only differ at one of the two

levels because they constitute a mere 37%, thaR&sput of 609 words.

4. DISCUSSION

It has been shown above how the formal resemblahpairs of words in English and
Spanish can be dangerous and problematic for Spasers of English in the field of
science and it is, therefore, necessary to paytaite to this potential source of
communicative difficulties. Leaving apart the setian of words, this study has
focused on those words that have a similar speburgdiffer in pronunciation in terms
of variations at the segmental, suprasegmentdlpthr levels. The issue of false friends

is more prominent in some fields than in other€hacon (2006) stated:

“false friends are not exceedingly common in SganiEnglish but in some contexts they
represent a true learning problem as they becotherrfrequent. So, although their occurrence

is not too high, it is not so scarce as not to ireggpecial attention on the part of researcheds an

language teachers(p. 32)
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This is the case of the field of sciences in whitdny words do not even have a
standard pronunciation which represents a challémg&panish speakers at an epoch
when “more than ever before, we hear and speakazias well as read it.” (Flood,
1957, p. 20) The words in question may go unnotibedause of their formal
resemblance, when the case is that they carry s common errors in pronunciation.
As a consequence, students, in this case froncthetsic field, should be aware of the
pronunciation of those words as well.

The analysis of the words according to two clasaifons has allowed me,
firstly, to show that when dealing with false fr=nin pronunciation, it is essential to go
over the aspects that may lead to failure whenaamiSh speaker tries to communicate in
English with people from other nationalities. TiBsbecause those mispronunciations
may not occur when the mother tongue is other 8enish. Consequently, becoming
aware of those aspects will certainly help to ava@dy misinterpretation in
communication. Secondly, it is not worth payingeation to where the similarities of
false friends in pronunciation lie but where theiatons can be found in order to avoid
misunderstandings in the interaction with otheragpes. Last but not least, most
problems seem to arise when both phonemes and stoeds are used incorrectly
although words that only have changes at one oftie levels should not be
disregarded. since in statistical terms they showugh proportion as well. However, |
must point out that, in my opinion, in the conteftELF the most important false
friends that should be studied are not only PhorefBteess FFs, but Phoneme FFs,
because in the context of pronunciation the segmhéevel is the simplest and most
basic level of language that needs to be used ppately.

The exclusion of almost 6% of the total of wordsdisn Roca-Varela's

classification has helped to focus on those wotdsg teally create a problem in
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pronunciation. It must be indicated that the wdidg have been excluded come mostly

from Text 4 and Text 5 (glossaries) because, ifrashto Texts 1, 2 and 3, those words

have not been taken from complete texts examinesdamnch of problematic items, but

come from two long lists of words which are judgedbe particularly useful in

Environmental Science (Text 4) and ICT Studies {T®x There is only one word in

Text 3 which has been excluded.

The 6% of words that have been excluded comprises:

Loanwords from English that have been adopted Spanish(above all, in ICT

studies). As Castillo (2006) put forward, nowadagsme of the semantic fields
that have increased their number of Anglicismspanish] are, among others,
“physical and natural sciences and computer scgerfoadamentally.” (p. 11)
There are two examples in Text 4: “smog” and “stpbkit the majority of these
words have been found in Text 5 (computer sciendéese are “blog”,
“botnet”, “chip”, “copyright”, “flash”, “gigabyte”, “hacker”, “hardware”,

“joystick”, “malware”, “online”, “phishing”, “spide”, “tracking” and “web”.

One aspect that | want to highlight is the factt ttf@ese loanwords are
pronounced in English by Spanish-speaking scieniistsome cases as if they
were read literally as we do in Spanish, as | eoticm my interview to the
student of computer science, who pronounced, foamgte, “online” as
/'on lain/ but “plug-in” as /’plugin/. As a consequence, those words that were
pronounced in a Spanish way have not been excladigadugh my interviewee
said that they were totally aware of the correonpnciation but it was simply a
matter of convenience when talking in class. Furtioge, this is not an isolated

case as the same situation happened in a study vake Polish students who
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“commented on such cases in the following way: yTl®k like Polish words
so when | see them, | pronounce them in the Palighh though | know it’s
wrong”.” (Pawlak, Waniek-Klimczak and Majer, 2031,291)

- Other terms with a slight level of exposure whiale aised in the field of

sciences and which do not create any problems enuprciation In Text 3,

“metastasis” is the only word to be excluded. IxtT4 these are “agronomist”,
“aluminium”, “analytical, “atom”, “catalytic’, “depsit”, “flora”, “fossil”,
“genetic”, “genetically”, “graphical”, “graphics™habitat”, “pest”, “salmonella”
and “toxic”. In Text 5 these are “analytical”, “di§ “digital”, “magnetic”,

“optimal”, “optimum?”, “scan”, “scanner”, “transmitand “valve”.

- Words to which students have already had some ldvekposure, not only in

the scientific field but in everyday languag&/ords excluded from Text 4 are

“analysis”, “atmospheric”, “conserve”, “convert’,gas”, “map”, “organic”,

“plant”, “standard”. In Text 5 these are “cost”,iSH", “electronic”, “physical”,

“technical”, “technological” and “text”.

The parameters for the exclusion of words becafisetogh or a low level of
exposure, that is, because of the frequency witlclwthey occur in communication
have been applied according to the Longman ComratiarcList. This list gathers “the
3000 most frequent words in both spoken and writglish, based on statistical
analysis of the 390 million words contained in ttmmgman Corpus Network — a group
of corpuses or databases of authentic English gt (Longman, n.d., p. This list
already contains many words that are very oftenl uis¢he scientific field. This means
that there has been lexical acculturation from reme to everyday communicative

settings.
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Regarding the interview with the three studentsaénce, they felt astonished
when they realised how many difficulties they hagronouncing the words proposed
from the five texts, words that they knew and usttexd when reading them, but felt
incapable of pinpointing in terms of pronunciatibmvas able to notice that they tended
to pronounce many words with an American accernherathan with a British one.
There seem to be two reasons for this. The firathsstorical reason and deals with the
fact that there is a recurrent Spanish influenc&mmerica since the first settlement led
by Christopher Columbus in 1942 which persists luntwadays because of the
proximity of the USA to Latin America and the cogaent Latin immigration to the
USA. A second but also important reason is sodiahas to do with the fact that
nowadays Spanish-speaking learners only listennigligh on the internet when they
see films, play computer games or listen to mudiewever they are not receiving any
instruction in English. This made me think that masdiovisuals are produced in the
USA and that, therefore, they are now more exptséae American accent.

The specific pronunciations that led me to belighat Spanish speakers’
pronunciation of scientific terms is more similarthe American accent are:

- The monograph -o- was always pronounced a$ (@A) and not du/ (RP).
Examples of this case are in Text 1 “phononfa(/n on | ‘foun a:n/), in Text 2
“proton” (/ ‘pravt on/ I /'prouvt a:n/), in Text 3 “fibroblast” (/' faib rov bla:st I-
rouv bleest/), in Text 4 “decompose” di. kom 'pauvzl -'povz/) and in Text 5
“decode” (/di 'kovd I -'koud/)

- The pronunciation of the postvocalic -r- (typicdlrbotic accents like General
American). The interviewees always pronounced tlomograph -r- no matter
where it was placed within the word. There are s@wramples in Text 1

“transport” (/treens p:tl po:rt/), in Text 2 “energy” (/ends i | -rdz i/), in Text 3
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“tumor” (/ 'tjum o | 'tum r/), in Text 4 “carbon” (ka:b on | 'ka:rb-/) and in

Text 5 “microprocessor” (inak rouv  pravs esol -ro pra:s es r/).

By contrast, they did pronounce, for example, thesdund as a fortis plosive
between vowels in unstressed syllables, which dudshappen in GA, where it is
pronounced similar to /d/ (technically known a$fl8). This sound is transcribed as /t
Some examples are in Text 3 “activator” &kti vert o | -vert r/), in Text 4 “abiotic”

(/ er ba 'otik I -'a:t 1k/) and in Text 5 “connectivity” (kon ek 'tiv ot il ka:n ek "tiv ot

i/). The reason for this mixture is that as leasnef English, Spanish speakers are
influenced by many accents of English, from whicéytacquire different pronunciation
features and end up mixing them without even nagigt, producing an amalgam of
accents.

Moving on to the pronunciation in ELF, the previcaspects may or may not
cause intelligibility in conversation. Robin Walkg010, p. 130) proposed “the most
relevant threats for intelligibility” that Spanidiearners of English can face in the
context of ELF. He explains that all vowels in Sigarare released with the same length
and this is why it is so difficult for us to disgjnish short and long vowels in English
and be able to articulate those sounds correctlgnwthey are to be long. The
repercussion of this fact may not produce intdligy with everyday language (e.g.
pairs like ‘rid/read’ and ‘ship/sheep’), but I dotrthink this will cause unintelligibility
in sciences as terms in this field are very différ'om everyday language, at least
when the vowels happen to be in unstressed sy#laBleme examples can be in Text 2
“alanine” (/'als ni:n /), in Text 3 “protein” (fprovt i:nl "provt-/), in Text 4 “carnivore”
(/'ka:n 1 vo:l 'ka:rn o vo:r/) and “decompose” (/. di: kam 'povzl -'povz/) and in Text 5
“augmented” (#:g ‘'mentid/). Regarding consonant sounds, producing a fhpeor

sounding the ‘r does not constitute a problem ir-ETherefore, the conclusion that |
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have reached is that the different aspects of mbmiktween RP and GA accents are not
relevant in the context of ELF as the fundamentzl chere is to establish certain
parameters in pronunciation in order to avoid bdeakns in communication.

As regards word stress, it is important to know rehié changes, particularly
when the shift in stress involves uttering diffargmonemes. In Text 1, two clear
instances are “annihilation”/na s 'lerf n/) and “coherent”, & "hror ant | koo "hir-/.
Text 2 contains words such as “acetatege@s tert/), “adjacent” (6 'dzers nt/), “anion”
(/'een ai_an/), “dipole” (/'da poul I -pool/), “lysine” (/'lar si:n/) and “nitrogen” (/natr
ad3 on/). In Text 3 there are examples, such as “bidgsidba ops i /), “enzyme” (/fen
zam/), “lymphocyte” (/'limf au sat /), “matrix” (/ 'metr 1ks/), “protease” (/pravt i eriz
/1 I'prout-/) and “vital” (/ 'vait I/). Other samples from Text 4 are “biospherebd/ ov
sfia | -0 sfir/), “drainage” (/dran 1d3/), “eutrophication” (/ ju trof 1 'kerf nl - trouf-/),
“finite” (/'fain at/), “hydrology” (/ha 'drol od3 i I -'dra:l-/), “ion” (/'a_an/),
“radiation” (/reid i ‘e n/) and “viable” (Ivai_ob I/). In Text 5 it can be found

instances, such as “archive” ok arv | ‘ark-/), “creator” (/kri ‘et ol -‘eit r/),
“geospatial” (/dzi: suv ‘spef | | -ou/), “hypertext” (/hap o tekstl -r-/), “private”
(/'prav ot/), “spiral” (/'spar ol/) and “voltage” (/voult 1d3l "voult-/). In addition, it is
important to point out that a change in the stpggsern may bring up a different word
class, for example, in Text 5 the word “arithmeti€this word, depending on whether it
iIs pronounced as&ri0 ‘'metik/ or b 'ri®@ mo tik/, becomes an adjective or a noun,
respectively.
Those people interested in knowing the pronunaatiioscientific words may be

lucky, as was |, because they can find them in @rgponunciation dictionaries such as
the Longman Pronunciation Dictionary where phongtascriptions are provided, and

also in online pronunciation dictionaries where gnaechnical terms of science are
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gathered accompanied by a recording of the proatioai of the word that can easily be
listened to by clicking on the words. However siimportant to emphasise that there is
no pronunciation dictionary that only comprisesestific and technical terms. There
are many glossaries and bilingual dictionaries wleetranslation is offered, but without
any guidance in terms of pronunciation. Doing saesearch on the internet, | found
that there are many blogs created to enable pedopkesk for the pronunciation of
technical terms. In these blogs someone wants ¢avkhe pronunciation of a specific
word and then random people answer how they uteant Therefore, searching for the
pronunciation of words in sciences can be seemaabaolute chaos as there are still
many terms that do not have a standardised proaumai It is striking that although
scientific ideas keep flowing with the continuakation of new words, there is no
apparent interest in giving them a standardizeduyomoiation, let alone in representing
it with a transcription or any other device. To radkings worse, the above problem is
compounded by the fact that many of those wordshhee existed for a long time now
and have become part of the terminology of thedfeale very likely to become false
friends in pronunciation. For this reason, raide@ners” awareness of this situation of
paramount importance is essential, but we need Ldn dpproach to keep things in

perspective.
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6. APPENDIX

6.1. ROCA VARELA’'S CLASSIFICATION

6.1.1.SOURCE 1: ABSTRACT (“Heat Reduction in Semicondustoy Phonon
Annihilation”)

annihilation electron
circumstance interference
coherent phonon
generation project
phase semiconductor
reduction transport
simulation
structure
8 0 6

6.1.2.SOURCE 2: STRUCTURE AND REACTIVITY Il LECTURE

abundance acidity
acetate additional
acetic alanine
adjacent carboxylic
anion common
archetypal component
base constant
basicity dipole
concentration distance
difference electrode
enolate electron
enzyme electronegative
epsilon (RP) electrophoresis
equation energy
hexane epsilon (GA)
hydrogen equilibrium
hydronium equivalent
ion inductive
isoelectric negative
lysine positive
medicine proton
methylamine succinic
molecule system
neutral

nitrogen

protein

ratio

resonance

scientific

soluble
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species

stabilization
stationary
substance
technique
Zero
36 23
6.1.3.SOURCE 3: LECTURE ON BIOLOGY OF CANCER
activator aggressive
aorta artificial
benign capillaries
biopsy cerebral
cascade detriment
cause doctor
chemotherapeutic existence
circulatory factor
concentration fraction
culture immune
cure immunosuppressant
diagram intestine
diet metastasis
enzyme motile (GA)
fibroblast nodule
final nutrient
frequent osteosarcoma
gene ovary
glycoprotein process
heterogeneous system
importance transplantable
isotope tumor
lymphocyte unusual
metastasize
matrix
membrane
microscope
microscopic
motile (RP)
penetration
peptide
primary
production
protease
protein
radioactivity
region
secretion
sequential
space
spinal
vital
42 23
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6.1.4. SOURCE 4ENGLISH FOR ENVIRONMENTAL SCIENCE (GLOSSARY)

abiotic gorilla access
agricultural salmonella acid
agriculture aerosol

air agronomist
antibiotic altitude

area aluminium
atmosphere analysis
benzene analytical
biodiversity analyze
biological animal
biomass anthropogenic
biosphere aquifer

biota artificial
biotic atmospheric
bromide atom
bromine bacteria
carbohydrate capacity
climate carbon
climatic carcinogen
conservation carnivore
consumption catalytic
cultivate categorize
cultivation chlorine
cycle chlorofluorocarbon
degradation collection
denitrify commercial
designation community
detritus complex
destruction complexity
detritivore component
detritus composition
displacement congestion
diversity (RP) coniferous
drainage conserve
ecosphere consume
ecosystem consumer
elevation contaminant
erosion contaminate
eutrophication continental
evapotranspiration continentality
excrete convert
exposure decompose
fauna decomposer
fertilizer decomposition
filtration deposit
finite dissipate
foliage diversity (GA)
gaseous ecologist
gene ecology
generation educate
geothermal efficiency
hierarchy emission
human energy
hydrocarbon evaporate
hydrology evolution
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hydrosphere extinction
image facility
impermeable fertilize
incinerator flora
industrialized fossil
infrastructure fuel

ion gas
irrigation generate
lithosphere genetic
maritime genetically
mechanization geology
mesosphere global
meteorology graphical
methane graphics
microorganism habitat
migration herbivore
molecule hormone
monoculture impact
monoxide incinerate
multi-media incorporate
mutate inefficient
natural intensive
nitrogen interaction
non-renewable interconnected
operation inventory
permeable irrigate
pesticide map
photovoltaic menu
phytoplankton metamorphosis
porous mineral
power model
preservation modify
primary nuclear
primate nutrient
private organic
producer organism
productivity oxygen
public ozone
radiation particle
recyclable particulate
recycle pest
recycling photosynthesis
reduce photosynthesize
reduction plant
region preserve
renewable preventive
scheme process
separation produce
site project
social reserve
spatial residential
specialization residue
species resistance
sphere respiratory
state secondary
stratosphere sedimentary
stratum (GA) smog
subspecies solar
substance solvent
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sustainability spray
sustainable standard
synthesize statistical
technique stock
temperature stratum (RP)
tertiary subsistence
thermal system
thermosphere tabular
transformation technology
transportation toxic
troposphere transport
turbine tropical
ultraviolet variable
vapour volume
vegetation zoology
viability

viable

131

2

129

6.1.5. SOURCE 5ENGLISH FOR ICT STUDIES (GLOSSARY)

acceleration access
analyze action
annotation active
antivirus addition
application analogue
archive analytical
asynchronous arithmetic
augmentation assisted
augmented avatar
automated beneficial
balance blog

barrier botnet
binary bulletin
biometric calculate
cache capacity
capability chip
censorship civil

client cognitive
code commercial
communication common
creator component
curve complex
cycle concept
data confidentiality
decimal conflict
decode connect
dispute connectivity
documentation connector
ethical consent
evaluation consume
focus consumer
fraud contingency
function control
functionality convention
geospatial convert
gigabyte copyright
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heuristic cost
hypertext criminal
identity cryptography
immediate dependent
information digit
infrastructure digital
innovation disciplinary
infrastructure disk
initiative distribute
instruction division
interface document
laser electronic
legal embedded
legislation encrypt
limitation energy
machine essential
menu eventuality
microchip evolutionary
microprocessor expand
migration export
multiplication extensible
neural factor
obligation flash
obsolete flexible
phase flexibility
positioning global
plug-in graphical
prediction hacker
privacy hardware
private illegal
procedure impact
product import
prototype include
public incorporate
qualitative increment
quality incremental
reduce install
regulator intellectual
regulatory interaction
relay interactive
reputation interactivity
result internet
security intranet
social invention
specialized inventor
spider iterative
spiral joystick
stable kilobit
telecommunications limited
timescale local
Trojan magnetic
ubiquitous malware
utilization memory
vacuum mental
virtualization menu
virus military
voltage monitor
website motor
negligence
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non-commercial

numerical

object

online

optimal

optimum

perception

perceptual

persistent

phishing

physical

prediction

prevalent

privacy (RP)

process

processor

program

programmer

projector

promotion

protection

protocol

radical

reflect

refresh

responsible

reverse

revolutionary

revolutionize

robot

scan

scanner

sensor

specific

specification

static

subtraction

system

technical

technological

technology

text

tolerance

tracking

transaction

transform

transition

transmit

transistor

usability

valve

variable

version

video

virtual

virtually

visual

web

94 0 153
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6.2. MY CLASSIFICATION
6.2.1. SOURCE 1ABSTRACT (Heat Reduction in Semiconductors by Phlono
Annihilation)

A A .

phase

electron

annihilation

project

circumstance

transport

coherent

generation

interference

phonon

reduction

semiconductor

simulation

structure

3

10

6.2.2. SOUR

ATIO

CE 2STRUCTURE AND REACTIVITY Il LECTURE

acetic

acidity

abundance

archetypal

carboxylic

acetate

base

common

additional

constant

constant

adjacent

electrophoresis

difference

alanine

epsilon (GA)

distance

anion

equilibrium

electron

basicity

hydronium

energy

component

isoelectric

negative

concentration

methylamine (GA)

positive

dipole

ratio

resonance

electrode

scientific

system

electronegative

species

enolate

succinic

enzyme

Zero

epsilon (RP)

equation

equivalent

hexane

hydrogen

inductive

ion

lysine

medicine

methylamine (RP)

molecule

neutral

nitrogen

protein

proton

soluble

stabilization

stationary

substance

technique

15

12

34
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6.2.3. SOURCE 3LECTURE ON BIOLOGY OF CANCER

aorta aggressive activator
benign capillaries artificial
cause detriment biopsy
chemotherapeutic | doctor cascade
cure factor cerebral

diet intestine circulatory
gene nutrient (GA) concentration
heterogeneous system culture
immune tumor (GA) diagram
microscopic enzyme
motile existence
nodule fibroblast
osteosarcoma final

peptide fraction
space frequent
glycoprotein
immunosuppressant
importance
isotope
lymphocyte
metastasize
matrix
membrane
microscope
nutrient (RP)
ovary
penetration
primary
production
process
protease
protein
radioactivity
region
secretion
sequential
spinal
transplantable
tumour (RP)
unusual

vital

15 9 41

Repositorio de la Universidad de Zaragoza — Zaguanhttp://zaguan.unizar.es <33>




6.2.4. SOURCE 4ENGLISH FOR ENVIRONMENTAL SCIENCE (GLOSSARY)

abiotic

acid

air

analysis
analytical
anthropogenic
antibiotic
area

atom
bacteria
biological
biota

biotic
bromine
catalytic
chlorine
climate
climatic
coniferous
consumption
convert
cycle
deposit
detritus
excrete
fauna

gene
genetic
genetically
geothermal
gorilla
graphical
interrelated
intersect
monoxide
multi-media
mutate
photosynthesis
photovoltaic
phytoplankton
public
reserve
scheme

site

species
sphere
spray

state
statistical
stratum (GA)
thermal
usage

access
altitude (GA)
animal
capacity
carbon
carnivore
complex
conserve
consume (GA)
contaminant
continental
continentality
convert
ecologist
ecology
energy
facility
geology
herbivore
impact
intensive
metamorphosis
mineral
model
organism
oxygen
preventive
project
residential
sedimentary
solvent
subsistence
system
technology
transport
tropical

aerosol
agricultural
agriculture
altitude (RP)
analyze
aquifer
artificial
atmosphere
benzene
biodiversity
biomass
biosphere
bromide
carbohydrate
carcinogen
categorize
chlorofluorocarbon
coastal
collection
commercial
community
complexity
component
composition
congestion
conservation
conserve
consultancy
consume (RP)
consumer
contaminate
cultivate
cultivation
decompose
decomposer
decomposition
degradation
denitrify
designation
destruction
detritivore
displacement
dissipate
diversity
drainage
ecosphere
ecosystem
educate
efficiency
elevation
emission
erosion
eutrophication
evaporate
evapotranspiration
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evolution
excrete
exposure
extinction
fertilize
fertilizer
filtration
foliage

fuel

gaseous
generate
generation
global
hierarchy
hormone
human
hydrocarbon
hydrosphere
hydrology
image
impermeable
incinerate
incinerator
incorporate
industrialized
inefficient
infrastructure
interaction
interconnected
inventory

ion

irrigate
irrigation
lithosphere
maritime
mechanization
menu
mesosphere
meteorology
methane
microorganism
migration
modify
molecule
monoculture
natural
nitrogen
non-renewable
nuclear
nutrient
operation
ozone
particle
particulate
permeable
pesticide
photosynthesize
pollinator
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porous
power
preservation
preserve
primary
primate
private
process
produce
producer
productivity
radiation
recyclable
recycle
recycling
reduce
reduction
region
regulation
renewable
requirement
residue
resistance
respiratory
secondary
separation
social
solar
spatial
specialization
stratosphere
subspecies
substance
sustainability
sustainable
synthesize
tabular
technique
temperature
tertiary
texture
thermosphere
transformation
transportation
troposphere
turbine
ultraviolet
vapour
variable
vegetation
viability
viable
volume
zoology

51 35 167
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6.2.5. SOURCE 5ENGLISH FOR ICT STUDIES (GLOSSARY)

MY CLASSIFICA

antivirus access acceleration
arithmetic (adj) active action
assisted analogue addition
biometric avatar analyze
cache cognitive annotation
code complex application
common confidentiality arithmetic (n)
control conflict archive
curve connect asynchronous
cycle connectivity augmentation
data connector augmented
decode consent automated
dispute consume (GA) balance
ethical contingency barrier
factor convert beneficial
focus criminal binary
fraud cryptography bulletin
graphical dependent calculate
heuristic disciplinary capability
interactive embedded capacity
interactivity encrypt censorship
intranet energy civil
laser expand client
numerical export commercial
phase flexibility communication
plug-in impact component
prevalent import concept
public include consume (RP)
result incremental consumer
reverse internet convention
specific inventor creator
static iterative decimal
ubiquitous limited distribute
video memory division
virus mental document
military documentation
monitor essential
object evaluation
personal eventuality
persistent evolutionary
projector extensible
radical flexible
reflect function
sensor functionality
system geospatial
technology global
transistor hypertext
transform identity
transmit illegal
transistor immediate
visual incorporate
increment
information
infrastructure
initiative

Repositorio de la Universidad de Zaragoza — Zaguanhttp://zaguan.unizar.es <37>




innovation

install

instruction

intellectual

interaction

interface

invention

kilobit

legal

legislation

limitation

local

machine

menu

microchip

microprocessor

migration

motor

multiplication

negligence

neural

non-commercial

obligation

obsolete

penetration

perception

perceptual

positioning

prediction

privacy

private

procedure

process

processor

product

program

programmer

promotion

protection

protocol

prototype

qualitative

quality

reduce

refresh

regulator

regulatory

relay

reputation

responsible

revolutionary

revolutionize

robot

security

social

specification

specialized

spiral
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stable

subtraction

telecommunication

timescale

tolerance

transaction

transition

Trojan

usability

utilization

vacuum

variable

version

virtual

virtualization

virtually

voltage

website

85 51 130
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6.3. COMPLETE LIST OF WORDS (English-Spanish-Phonetic

Transcription in English: RPGA)

6.3.1. SOURCE 1ABSTRACT (Heat Reduction in Semiconductors by Phono

Annihilation)

annihilation aniquilacién /o nao 'lerf n/
circumstance circunstancia /'s3:k om steens/
coherent coherente /kau 'hror ant | koo "hir-/
electron electrén /i 'lek tron/

generation generacion / dzens 'rerf n/
interference interferencia [ into ‘fror onsl int r 'fir-/
phase fase [ferz/

phonon fonoén ['fovn on | 'foun a:n/
project proyecto /'prod3 ektl 'pra:dz-/
semiconductor | semiconductor |/ semi kn 'dakt ol -r/
simulation simulacién / sim ju 'lerf n/
reduction reduccion Iri "dak fn/

structure estructura /'strak tfa /

transport transporte /'treens p:tl pa:rt/

14 words

6.3.2. SOURCE 2STRUCTURE AND REACTIVITY Il LECTURE

abundance abundancia /5 "band ans/

acetate acetato /' &eso tert/

acetic acético fa 'si:t 1k/

acidity acidez [ 'sidat i/

additional adicional /o 'difan_l/

adjacent adyacente /5 'dzers nt/

alanine alanina /'&ela niin /

anion anion ['aen ar_sn/

archetypal arquetipico [aki tap I/

base base /bas/

basicity basicidad /ber'sis ti/

carboxylic carboxilico /ka: 'boks 11 1kl ka:r ‘ba:ks 1 1k/
common comun /'kom on | 'ka:m-/
component componente /kom 'paun antl -'poon-/
concentration concentracion |/ kons n ‘trerf nl ka:ns-/
constant constante / 'konst ont | 'ka:nst-/
difference diferencia ['dif rans /

dipole dipolo /'da poul | -pool/
distance distancia /'distans/

electrode electrodo /i 'lek troudl -trouvd/
electron electrén /i 'lek tron/
electronegative electronegativo | /i lek trou 'neg ot 1v(ll -trou- ) /
electrophoresis electroforesis | /1 lek trou fo 'ris 1s I-trou fa'ri sis/
energy energia lenadz il -rdz i/
enolate enolato /'in | et/

enzyme enzima /'en zam/

epsilon épsilon /ep ‘sail an/l /"eps 2 la:n/
equation ecuacion /i "kwerz n/

equilibrium equilibrio /i:k wi 'lib ri_om/
equivalent equivalente /1 "kwiv sl ant/

hexane hexano /'heks en/
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hydrogen hidrégeno [/ "hadr ad3 an/
hydronium hidronio /ha 'dro ni oml -'drou/
inductive inductivo /i "dakt v/

ion ion [ "ai_an/

isoelectric isoeléctrico [ aisau i 'lek trk I-ou/
lysine lisina ['lar si:n/

medicine medicina /'med sn/
methylamine metilamina /me 'Bail o mi:n/l/ ; meb ol o ‘'mi:n/
molecule molécula /'mol 1 kju:ll 'ma:1-/
negative negativo / 'negg ot v/

neutral neutral ['nju:tr oll 'nu:tr ol/
nitrogen nitrégeno [ 'natr od3 on/
positive positivo /' poz ot 1v/

protein proteina ['proot iml ‘prouvt-/
proton protén [ 'prout on/ | /'prouvt a:n/
ratio ratio ['rerfi_av/ | lou/
resonance resonancia / 'rez nans/

scientific cientifico [ sa_oan 'tif 1k/
soluble soluble /'sol jub I/

species especies [ 'spifi:z/
stabilization estabilizacion |/ steb sl ar 'zef n/
stationary estacionario ['staf anor_il -0 ner i/
substance substancia /'sab sbns/

succinic succinico /sak 'sin1k /

system sistema /'sistom/

technique técnica /tek 'ni:k/

zero cero ['ziar ou | ' zir ov/

58 words

6.3.3. SOURCE 3LECTURE ON BIOLOGY OF CANCER

activator activador [ "ekt1vert s | -vert r/
aggressive agresivo /3 ‘gresiv/

aorta aorta [e1 oitol I fer orta/
artificial artificial [Latr fifll | art-/

benign benigno / ba "'nann/

biopsy biopsia [ 'baopsi/

capillaries capilares [ ko 'pil ariz/ |l 'keeps ler iz /
cascade cascada / kee'skad /

cause causa /ko:z/

cerebral cerebral / 'serab rol/
chemotherapeutic guimioterapeuta |/ ki:mou 0ers 'pjutik/
circulatory circulatorio [ s3:k ju 'lert_or il "s3-k jol o to:r i/
concentration concentracién / kons n 'trerf nl ka:ns-/
culture cultura [ 'Kaltfa I -r/

cure cura Ikjoal kjor/

detriment detrimento /'detr1 mont/

diagram diagrama / "da_s greem/

diet dieta ['da_at/

doctor doctor /'dokt o | 'da:kt r/

enzyme enzima / 'en zam /

existence existencia ig 'zistans/

factor factor | ‘feekta I -r/

fibroblast fibroblasto / 'faib rou bla:st I-rov blaest/
final final ['fan I/

fraction fraccion ['freekn/

frequent frecuente /' fri:k wont/
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gene gen /dzi:n/

glycoprotein glicoproteina / ,glaik ou 'prout i:n lov 'prout- /
heterogeneous heterogéneo / hetar au 'dzini_ss | het o rou-/
immune inmune /1 'mju:n/

immunosuppressant | inmunosupresor |/ 1m ju o S ‘presont | 1m jo nov-/
importance importancia /im 'poa:t ns | -'po:rt-/

intestine intestino /in 'testin/

isotope isétopo ['ais o toupl -o tovp/

lymphocyte linfocito [ 'limf ov sat /

metastasis metastasis /me 'teestos 1s/

metastasize metastatizar /me 'teesto saz/

matrix matriz [ 'metr 1ks/

membrane membrana / 'mem bren/

microscope microscopio / 'mak ra skoup/ | /-skaup/
microscopic microscopico [ ,mak ro 'skop 1k /

motile movil / "'maut aral/ | /'mout ol /

nodule nédulo ['nod ju:l | 'na:dz wl/

nutrient nutriente /'nju:tr i_ont I ‘nu:tr-/
osteosarcoma osteosarcoma /'psti_ou sa: 'koum al' st i_s sair 'koum o/
ovary ovario [ "auv or il I /'ovv-/

penetration penetracion / pena ‘treif n/

peptide péptido / 'pept ad/

primary primario ['‘pramaril -er-/

production produccién /pra "dak fn/

process proceso ['praus esl ‘pra:s es/

protease proteasa [ ‘provtieiz/ I/ provt-/

protein proteina ['praut il “prout-/

radioactivity radioactividad / rerd i_ou &k 'tv ot il -ou &k "tiv of i/
region region ['ri:d3 an/

secretion secrecion /st krif n/

sequential secuencial /st "kwenf' I/

space espacio /spas/

spinal espinal /'span I/

system sistema /'sistom/

transplantable trasplantable / treentspla:nt ob 1/

tumor tumor [ 'umo |l "twmr/

unusual inusual [ anjuz u_al/

vital vital /[ 'vait |/

64 words

6.3.4. SOURCE 4ENGLISH FOR ENVIRONMENTAL SCIENCE (GLOSSARY)

abiotic abidtico / erbar 'vtik | -'a:t 1k/
access acceso /'aek ses/

acid acido ['aesid/

aerosol aerosol /'ear ou spl | "er o sa:l/
agricultural agricola / &g kaltf r_al/
agriculture agricultura ['agg rt kaltf ol -r/
agronomist agronomo /5 'gron om 1stl o 'gra:n-/
air aire lesl er/

altitude altitud ['eeltr tju:dl -tu:d/
aluminium aluminio [ a&elo 'min i_om/
analysis analisis /5 'neelosis/
analytical analitico [ @ns 'litik I/
analyze analizar ['@&ena laiz/

animal animal ['a&enim |/

anthropogenic

antropogénico

/ @nbrop au ' dzen 1k/
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antibiotic antibiético [ @ntibar ‘vtik | entibar ‘a:;tik/
aquifer acuifero ['aek wif ol -r/

area area ['eari_al 'er-/

artificial artificial [atr ' fiflf

atmosphere atmosfera ['aet ms fio | -fir/
atmospheric atmosférico | aet ms 'fer ik/

atom atomo | ‘eetom/

bacteria bacteria /beek'tor i_a Il -"tir-/
benzene benceno /'benz in/

biodiversity biodiversidad / bar ou dat 'v3:s ot il bar ou do 'v3-s ot i/
biological biol6gico Jba_s lodz ik | 1 -"la:dz-/
biomass biomasa /'ba ouv maed -ou-/
biosphere biosfera ['ba av sfio | -o sfir/

biota biota /bat 'out o | -'0ut-/

biotic biético /bar 'tk | -'a:t-/

bromide bromuro /'bravm ad | 'broom-/
bromine bromo /'broavm i:n | "brovm-/
capacity capacidad /ko 'paesoti /

carbohydrate carbohidrato / ka:b ou 'hardr ert | ka:rb ou-/
carbon carbono /'ka:b on | 'ka:rb-/
carcinogen carcindgeno /ka: 'sm ad3 anl ka:r/
carnivore carnivoro ['ka:n 1 vo:l 'ka:rn o vor/
catalytic catalitico [ kaeto litik | keetl it ik /
categorize categorizar /'keetig o raiz/

chlorine cloro ['klo:r i:n/
chlorofluorocarbons | clorofluorocarbono |/ klo:r au fluer ou 'ka:banl klo:r o flur ou 'ka:rb an/
climate clima ['klaim ot/

climatic climatico /klar ' maetik/

collection colleccién /ka 'lek n/

commercial comercial /ka ‘'m3;[ I/

community comunidad /ko 'mjunoti/

complex complejo /'kom pleksl ka:m 'pleks/
complexity complejidad /kom 'pleksat i /

component componente /kam 'paun antl -'poon-/
composition composicién / kompo 'zif n/

congestion congestion /kan 'dzes fon/

coniferous conifera /kau "nif or_adl kov-/
conservation conservacion / kons o 'verf nl ka:ns r-/
conserve conservar /kon 's3:v/

consume consumir /kon 'sjuml -'sum/
consumer consumidor /kon 'sjum ol -'sum r/
consumption consumo /kan 'samp fn/

contaminant contaminante /kan 'teemin ant/
contaminate contaminar /kan 'teemi nat /

continental continental / kont1 ‘nentll ka:ntn ‘entl/
continentality continentalidad / kon tnan'teelr ti/

convert convertir /kon 'v3:t/

cultivate cultivar ['kalt 1 vert/

cultivation cultivo [ kalt 1 'ver[ n/

cycle ciclo ['sak I/

decompose descomponer / di: kem "pavzl -'povz/
decomposer descomponedor / di: kem 'pavz ol -'povz r/
decomposition descomposicion /. di: komp o 'zif n |l - ka:mp-/
degradation degradacion / deg rs ‘def n/

denitrify desnitrifcar [ di: 'natr 1 far /

deposit deposito /di '‘poz 1t | -'pa:z ot/
designation designacion / dezig 'nef n/

destruction destruccion /di 'strak [ n/

detritivore detritivoro [dr'trar to vor |- voor/
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detritus detrito /di 'trart oS/
displacement desplazamiento [dis 'pleis mont/
dissipate disiparse ['dis1 pat/

diversity diversidad /dat 'v3:sotil do 'vas ot i/
drainage drenaje /'dremn 1d3/

ecologist ecologista /1 'kol od3 1St -'ka:l-/
ecology ecologia i 'kol od3i Il -'ka:l-/
ecosphere ecosfera ['ik ou sfial -ou sfir/
ecosystem ecosistema ['ik ou sistom | -ov-/
educate educar /'ed ju ketl 'eds o-/
efficiency eficiencia fo 'fif ns i/

elevation elevacion /el 'verf n/

emission emision N ‘'maf n/

energy energia /'enadz il -rds i/

erosion erosion /1 'rauz nl 1 ‘rous n/
eutrophication eutroficacion / ju trof 1 'kerf nl - trouf-/
evaporate evaporar /i 'veeps reit/

evapotranspiration

evapotranspiracion

/1 veep @ treen sp'rer fn/

evolution

evolucion

[ivo'lufnl ev-/

excrete excretar 1k "skri:t /

exposure exposicion /1K "spous3 ol -'spavz 1/
extinction extincion 1k stk fn/

facility facilidad ffo 'sil oti /

fauna fauna ['forn of

fertilize fertilizar / 'f3:tolaiz/

fertilizer fertilizante /'f3:itolarz ol 'f3-:t 1 arz v/
filtration filtracién If1l "trerf n/

finite finito /'fan at/

flora flora ['floir of

foliage follaje ['foul i_1dz | ‘foul-/
fossil fésil ['fos 11 'fa:s 1/

fuel fuel fju:_al/

gas gas Igees/

gaseous gaseoso /'gees ias/

gene gen /dzi:n/

generate generar /'dzena rert/

generation generacion / . dzena ‘rerf n/

genetic genético /dzo 'netik/

genetically genéticamente /d3o ‘netik I_i/

geology geologia /dzi "ol od3 i I -'a:l-/
geothermal geotérmico / d3i: ov '63:m 1l -0u '63-:m-/
global global /'gloub |1 "gloub I/
gorilla gorila /ga 'rl of

graphical gréfico ['greefik I/

graphics graficos [ greefiks/

habitat habitat /"heebr teet/

herbivore herbivoro / "h3:b1va:l '31b o vour/
hierarchy jerarquia ['harr a:k i | -acrk i/
hormone hormona /"ho:m son | "ho:rm ouvn/
human humano /"hju:m an/

hydrocarbon hidrocarbono / hardr auv 'ka:b an I -0 'ka:rb-/
hydrology hidrologia /ha 'drol od3 i I -'dra:l-/
hydrosphere hidrosfera / hadrou sfis | hadr o sfir/
image imagen ['1m 1ds/

impact impacto /'1m paekt/
impermeable impermeable /im ‘paxmi_ab |/
incinerate incinerar /in "sin 5 rext/
incinerator incinerador /m ‘'smoarettol-ret r/
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incorporate incorporar /m "ko:p o rertl -'ko:rp-/
industrialized industrializado /in "das tri_o lariz d/
inefficient ineficiente /ng ‘fif nt/
infrastructure infraestructure /'inf ro strak tfo I -tfr/
intensive intensivo /in 'tensiv/

interaction interacciéon / intor 'aekfn/
interconnected interconectado / mt o ko 'nekt 1d | g r-/
inventory inventario /' vont_ar il 'm van to:r i/
ion ion ["ai_an/

irrigate irrigar /'1r 1 gert/

irrigation irrigacién [1r1'gef n/

lithosphere litosfera ['0 ov sfio | o sfir/

map mapa /meep/

maritime maritimo /'meerr taam/
mechanization mecanizacion / mekon a 'zef nl -on o-/
menu menu /'menju/

mesosphere mesosfera /'mesau sfio | -0 sfir/

metamorphosis

metamorfosis

/ meto 'mo:fosts | meto 'mo:rf-/

meteorology

meteorologia

/ miiti_o ‘mladzil miti_s ra:l-/

methane metano /'mi:8 en | 'med-/
microorganism microorganismo / mak rav '0:g o ,niz am/ll -rov 'o:rg-/
migration migracion /ma ‘greif n/

mineral mineral /'mn r_al/

model modelo ['mpd 1| 'ma:dl/

modify modificar ['mod 1 fail 'ma:d-/

molecule molécula /'mol 1 kju:ll ‘'ma:1-/
monoculture monocultivo /'monou Kaltfa I 'ma:na kaltfr/
monoxide mondxido /ma 'noks ardl ma ‘na:ks-/
multi-media multimedia [ malti ‘'mi:d i_a/

mutate mutar /mju ‘tert | ‘mju: t ert/

natural natural I'neef r_all

nitrogen nitrogeno /'natr ad3 an/

non-renewable no renovable /.non ri ‘'nju: ab Il na:n ri ‘nu:-/
nuclear nuclear I'mjukli_o | 'muk li_r/
nutrient nutriente /'njuctr i_ontl ‘nu:tr-/
operation operacion /opo 'reifnl ap-/

organic organico /o: 'geenik | o:r-/

organism organismo /'2:g 9 nizom | 'o:rg-/
oxygen oxigeno /'vks 1d3 onl "a:ks-/

ozone 0zono /'auz sun| ‘ovz ovn/

particle particula [ ‘patik |/

particulate particulado /pa: 'tik joul atl par 'tik jol at/
permeable permeable / 'pami_ab I/

pest peste /pest/

pesticide pesticida /'pesti sad/

photosynthesis fotosintesis / fout ou 'smé as 18l  fout ou-/

photosynthesize

fotosintetizar

/ fout au 'smb o sarzl | fout ou-/

photovoltaic fotovoltaico | fout au vol ‘ter ik | fout ou va:l-/
phytoplankton fitoplancton | fart ou 'pleegkt onl fart ou -/
plant planta /pla:ntl plaent/

porous poroso ['po:r os/

power poder I'pas_s | ‘pas_r/
preservation preservacion / preza 'verf nl -r-/

preserve preservar lpri ‘z3:v/

preventive preventivo [pri ‘'ventiv/

primary primario ['pramoril -er i/

primate primate ['pram ot/

private privado ['prav ot/
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process proceso ['praus esl ‘pra:s es/
produce producir Ipro 'dju:sl -'dus/
producer productor Ipro 'dju:s ol -'du:s r/
productivity productividad / prod Ak 'tiv otil prou dak 'tiv ot i/
project proyecto /'prod3 ektl 'pra:dz-/
public publico ['pab lik/

radiation radiacion [red i e n/
recyclable reciclable [ri: 'sak|_ab
recycle reciclar [ ri: 'sak I/

recycling reciclaje [ ri: "sak |_m/

reduce reducir Iri 'dju:sl -'dus/
reduction reduccion Iri "dak fn/

region region /'ri:dz an/

regulation regulacion / reg ju 'lerf nl -jo-/
renewable renovable Iri 'nju:_sb Il -'nu: ab I/
reserve reserva Iri 'zz:vl

residential residencial [ rezi'derf |/

residue residuo ['rez 1 dju:ll -du: /
resistance resistencia Iri 'zistons/
respiratory respiratorio Iri 'spir ot_ar il ‘respor_s toiri/
salmonella salmonela / seelmo 'nela /
scheme esquema /ski:m/

secondary secundario /'sekond_ar il -on der i/
sedimentary sedimentario / sedi ‘'ment.ar i/
separation separacion / sepoa 'rerf n/

site sitio [sat/

smog esmog /smog | sma:g/

social social ['souf |1 'sauf If

solar solar ['soul ol "soul 1/
solvent solvente ['solv antl 'sa:lv-/
spatial espacial ['spafl/

specialization especializacion /. spdol_a 'zef nl -al _o-/
species especies ['spifi:z/

sphere esfera /sfia Isfir/

spray espray /spra/

standard estandar ['steencbd | -rd/

state estado [stat/

statistical estadistico st "tistik I/

stock stock [/stok | sta:k/
stratosphere estratosfera ['street o sfio | 'street o sfir/
stratum estrato /'stra:t oml 'strert om/
subsistence subsistencia /sob 'sistons/
subspecies subespecies /'sab spifi:z/
substance substancia /'sab sbns/
sustainability sostenibilidad /so stano 'bil ot/
sustainable sostenible /s 'stanob I/
synthesize sintetizar ['sinb o saz/

system sistema ['sistom/

tabular tabular ['teeb pl o I -jal r/
technique técnica ltek 'ni:k/

technology tecnologia /tek 'nol od3 [i I -'na:l-/
temperature temperatura ['temp toatfal _otfr/
tertiary terciario ['t3foril 'tafieri/
texture textura /'teks fo I -tfv/

thermal térmico /'63:m |/
thermosphere termosfera / 03:m au 'sfia I 03-:m o sfir/
toxic téxico /'toks 1k | "ta:ks 1k/
transformation transformacion / treens $ ‘mef nhl -fr-/
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transport transporte ['treens p:t | "treents p:rt/
transportation transportacion / treens p: 'terf nl traens pr-/
tropical tropical ['trop 1k 11 "tra:p-/
troposphere troposfera ['trop o sfio | ‘troup o sfir/
turbine turbina /'t3:b an/

ultraviolet ultravioleta [ Altr o 'var_al ot /
vapour vapor ['veipal -r/

variable variable ['veari_ob Il 'ver-/
vegetation vegetacion / veds o 'terf n/

viability viabilidad [ vai_s 'bil oti/

viable viable ['vai_ob I/

volume volumen /'vol juml 'va:l jom/
zoology zoologia /zou 'pl od3 il zou 'a:l-/

261 words

6.3.5. SOURCE 5ENGLISH FOR ICT STUDIES (GLOSSARY)

acceleration aceleracion fok sela ‘rerif n/
access acceso '@k ses/

action accion ['a&ekfn/

active activo ["a&ektiv/

addition adicién fo 'dif n/
analogue analégico /'aena Ingl 'een lo:g/
analytical analitico [ &eno 'lit 1k I/
analyze analizar ['aena laiz/
annotation anotacion [ .@enau 'terf nl -o-/
antivirus antivirus / ,eent i'varor as/
application aplicacion [ &ept ke n/
arithmetic (adj) aritmético [ @erf ‘metik/
arithmetic (n) aritmético /3 "1 mo tik/
archive archivo ['ak arv | "a:rk-/
assisted asistido /5 'sistid/
asynchronous asincronico /er "sigk ron as/
augmentation aumento [/ 0:g men'terf n/
augmented aumentado /2:g ‘'mentid/
automated automatizado ['2:t o mert 1d/
avatar avatar [ '&evoa ta:l -ta:r/
balance balance ['beelons/

barrier barrera ['beer ial-r1/
beneficial beneficioso [/ bent ‘fif I/
binary binario /'ban ar i/
biometric biométrico / ba suv 'metrik | -ov-/
blog blog /blog I blo:g/
botnet botnet /bot netl ba:t/
bulletin boletin / 'bul ot in /

cache caché Iked/

calculate calcular /'keelk ju letl -jo-/
capability capacidad / ketp o 'bil oti/
capacity capacidad /ko 'paesoti /
censorship censura /'senss fipl -r-
chip chip Itfip/

civil civil ['siv I/

client cliente ['klar_ant/

code caodigo /kaud I kovd/
cognitive cognitivo /'kog nat vl 'ka:g nat v/
commercial comercial /ka 'm3 [/
common comun / 'kom an | 'ka:m-/
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communication

comunicacion

/ka mjun1 'kerf n/

component componente /kom 'paun antl -'poon-/
complex (adj) complejo /'kom pleksl ka:m 'pleks/
concept concepto /'kon septl 'ka:n-/
confidentiality confidencialidad / kon f1 denfi 'alotil ka:nfo dentfi el ot i/
conflict conflicto {'kon flikt | 'ka:n-/
connect conectar /ka 'nekt/

connectivity conectividad / kon ek 'trv ot il ka:n ek 'tiv of i/
connector conector /ka 'nekta I -r/

consent (v) consentir /kon 'sent/

consume consumir /kon ‘sju:ml -'sum/
consumer consumidor /kon ‘sjum ol -'sum r/
contingency contingencia /kan ‘tindz ans i /

control control /kan ‘traull -'trool/
convention convencion /kan ‘very' n/

convert convertir /Kon 'v3:t/

copyright copyright ['kop i |rart | "ka:p-/

cost coste /kostl ko:st /

creator creador [kri "ert ol -'ert r/

criminal criminal ['krimn I/

curve curva /k3:v/

cryptography criptografia /krip ‘tog rof i | -'ta:g-/
cycle ciclo ['sak I/

data data ['dat of

decimal decimal /'desom I/

decode decodificar /di: "koud I -'koud/
dependent dependiente /di 'pendant/

digit digito /' ddz 1t/

digital digital ['didz it |/

disciplinary disciplinario ['diso phnar_i I -plo ner i/
disk disco [disk/

dispute disputa /dr ‘spjut/

distribute distribuir [dr "strib ju:tl -jat/

division division [dt 'viz n/

document documento /'dok ju montl 'da:k jo-/
documentation documentacion / dok ju men 'terf nl da:k jo-/
electronic electronico [elek tronik i lek "tramn ik /
embedded embebido (sistema) |/im 'bedid /

encrypt encriptar /in "kript/

energy energia /'enadz il -rdz i/
essential esencial 1 'serf I/

ethical ético /'ed 1k I/

evaluation evaluacion /i veelju'elf n/
eventuality eventualidad /1 venf u elati/
evolutionary evolultivo [ivo 'lufn_aril eva 'luyfoneri/
expand expandir /ik 'spaend/

export exportar 1k "spo:t I 1k "spo:rt/
extensible extensible /ik 'stentsob | /

factor factor ['feekta | -r/

flash flash ffleefl

flexible flexible ['fleksob I/

flexibility flexibilidad [ flekso 'bil ot i/

focus foco ['fouk os | 'fouk as/

fraud fraude [fro:d/

function funcién ['fagk fn/

funtionality funcionalidad [ fapk fo 'neelat i /
geospatial geoespacial [ d3i: ou 'sperf11-0v /
gigabyte gigabyte /'gig o bat/

global global ['glaub |l "gloub I/
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graphical grafico ['graefik I/

hacker hacker ['heeka |l -r/

hardware hardware / 'ha:d wes | "ha:rd wer /
heuristic heristico /hju ‘ristik/

hypertext hipertexto /'hap 5 tekstl -r-/
identity identitdad /a 'dentoat i /

illegal ilegal fi'li:gll

immediate inmediato /1 ‘'mi:d i_at/

impact impacto /'tm paekt/

import importar /1m 'po:t I -'po:rt/
include incluir /i 'klu:d/

incorporate incorporar /in 'ko:p o rextl -'ko:rp-/
increment incrementar / 'm krt ment/
incremental incremental /g krt ‘'ment I/
information informatcion [info ‘'mefnl -r-/
infrastructure infraestructura ['inf ro strak tfo I -tfr-/
initiative inciativa /1 ‘nif ot v/

innovation innovacion [, nou 'verfnl -o-/
install instalar /in 'st:l/

instruction instruccion /in 'strak fn/
intellectual intelectual [ nto 'lek tfu_al /
interaction interaccién [ ntor ‘aekn/
interactive interactivo [ intar "aektiv/
interactivity interactividad [ ntar sek'tiv ot i/
interface interfaz ['mto fers /

internet internet /'mt o net | "'mt r-/
intranet intranet /'mtr o net/

invention invencion /in 'verf n/

inventor inventor /m 'venta | 'vent r/
iterative iterativo ['1t_or ot vl ‘1t o rert v /
joystick joystick /' d3or stik/

kilobit kilobit ['kil ou brt | 'kil o-/
laser laser ['leizo |l -r/

legal legal ['li:gl/

legislation legislacion / leds 1 'slef n/

limited limitado ['lim 1t 1d | of od/
limitation limitacién [ lim1 'terf n/

local local ['lauk | I "louk I/
machine magquina /mo " fi:n/

magnetic magnético /mag 'netik/

malware malware /'meel we | -wer/
memory memoria /'memaor_i/

mental mental /'ment |/

menu menu /'men ju/

microchip microchip /'maik rau tfip I -rov-/
micropocessor microporcesador /'mak rau prous esal -ro pra:s es r/
migration migracion /ma 'greif n/

military militar ["'mul 1_tar il -o ter i/
monitor monitor /'mon 1t 3l ‘'ma:n ot r/
motor motor /'mout o | "'mout r/
multiplication multiplicaciéon [ malt 1 plt "ker[ n/
negligence neglicencia /'neg Iids ans/

neural neural /'njuar al | "nor al/
non-commercial no comercial / ,non ko ‘m3:[ 1l na:n-/
numerical numerico /nju ‘'merik |l nu-/
object objeto /'ob dzektl "a:b-/
obligation obligacién [ ob 1 ‘'gerf nl ab-/
obsolete obsoleto ['obsaliitl a:bso 'list/
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online on line/en linea [on 'lam | amn-/

optimal Optimo /'opt 1m ol 'a:pt-/
optimum Optimo ['opt im om | 'a:pt-/
personal personal /'p3:s n.al/

penetration penetracion / pena 'trerf n/
perception percepcion /pa ‘sep/n | por-/
perceptual perceptual /pa ‘sep fu_al Il par-/
persistent persistente /ps 'sistont | por-

phase fase [ferz/

phishing phishing ['f1if m/

physical fisico ['fizik I/

positioning posicionamiento Ipa 'zif n _y/

plug-in plug-in /'plag i/

prediction prediccion [pri 'dik fn/

prevalent prevalente /' preval ant/

privacy privacidad /'prnv as il ‘prav-/

private privado ['prav ot/

procedure procedimiento /prou 'si:d3 ol pro 'si:d3 1/
process proceso ['prous esl 'pra:s es/
processor procesador ['prous es ol 'pra:s es r/
product producto /'prod aktl “pra:d-/
program programa /'prauv greent ‘prov-/
programmer programador /'prau greemal ‘prou greem r/
projector proyector /pro ‘dzektal -r/
promotion promocion /pra 'mauf nl -'mouf n/
protection proteccion /pra ‘'tek fn/

protocol protocolo ['praut au kol | "prout o ka:l/
prototype prototipo [ "prout au taip | ‘prout o-/
public publico /'pab Iik/

qualitative cualitativo ['kwol 1t ot vl 'kwa:l o tert 1v/
quality calidad ['kwol oti | 'kwa:l ot i/
radical radical ['reedik I/

reduce reducir ri 'djusl -'dus/

reflect reflejar Iri ‘flekt/

refresh refrescar Iri ‘frefl

regulator regulador /'reg ju lett o Il -jo lert 1t/
regulatory regulador [ regju 'lettoril 'regjol o toir i/
relay relé ['ri: led/

reputation reputacion [ rep ju'terf nl -jo-/
responsible responsable /ri 'spons ob 1l ri ‘spa:nts-/
result resultado Iri ‘zalt/

reverse reverso Iri 'v3:s/

revolutionary

revolucionario

[revo 'lufonr_il -0 neri/

revolutionize

revolucionar

[ rev o 'lu;f o narz/

robot

robot

['raub ptl 'roub a:t/

scan escanear /skaen/
scanner escaner /'skeerp I -r/
security seguridad /st ‘kjver oti | -'kjour ot i/
sensor sensor /'senso | -r/
social social ['souf |1 "sauf I/
specific especifico /spo "sif 1k/
specialized especializado /'spg s larizd/
spider spider /'spad a I-r/
spiral espiral ['spar al/
stable estable ['stab I

static estéatico /'steetik /
subtraction sustraccion /sob ‘traekn/
system sistema /'sistom/
technical técnico ['tek nk I/
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technological

tecnoldgico

/[ tekmp ‘lodz ik | I -'la:d3-/

technology

tecnologia

ftek 'nol od3 il -'na:l-/

telecommunications

telecomunicaciones

/ tel i ko mjunt 'keif onzl tel o-/

text texto [tekst/

timescale escala de timepo /'tarm skal/
tolerance tolerancia /'tol or onsl 'ta:l-/
tracking tracking ['treekin/
transaction transaccion [treen' zeekn/
transform transformar [treens fo:ml -'fo:rm/
transition trransicion [treen'zif n/
transmit transmitir [treenz’ mit /
transistor transistor [treen’zist ol -r/
trojan troyano ['trouds an | "trouds oan/
ubiquitous ubicuo /ju 'bik wit osl -wat os/
usability usabilidad /'juiz ob ot i/
utilization utilizacion /[ jutil ar ‘zef n/
vacuum vacio / 'veek juom/

valve valvula Iveelv/

variable variable ['veari_ab Il 'ver-/
version version /'vafn/

video video /'vid i ou | -0v/
virtual virtual ['va:itf u_al/
virtualization virtualizacion ['va:tfusl ai 'zef n/
virtually virtualmente [ 'va:tfu_ali

virus virus ['varr as/

visual visual /'viz u_al/

voltage voltaje ['voult 1d3l "voult-/
web web /web/

website sito web /'web sat/

245 words
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6.4. COMPLETE SOURCES

6.4.1. SOURCE 1ABSTRACT (Heat Reduction in Semiconductors by Phlono

Annihilation)

The objective of this project is to develop muléikcsimulation tools for coupled carrier-phonomsgort

in micro/optoelectronic devices and to explore haancepts of phonon engineering for heat removal
and termal management in advancedsemiconductocetevihe phase | effort resulted in a prototype
software modules for multiscale simulation of phomdynamics in LD semiconductors and proven
feasibility of using phonon annihilation for headuction in electronic devices. It has beenobsetirat

if phonon waves of different phase interact, theyld, under the right set of circumstances, caitbere
constructive or destructive interference. CFDRC &R team plans to use existing commercial
Multiphysics CFD-ACE+ softwareenvironment as a folah to implement comprehensive multiscale
(quantum to continum) modeling tools for phononieragring and couple it to existing carrier, optical
and thermal models. We will utilize the tools faetgiled examination of new methods ofheat reduction
by phonon engineering such as generation of cohemriined acoustic phonons by drifting electroms i
LD structures, investigation of the effects of #emustic impedance mismatch, phonon filters bygi&n
dots/wire gratings, periodic phonon bandgap strestu“phase shifted" QWs, QD etc. We will also
conduct experiments at UCR and collaborate withsjaligts from academia and with DoD expers (ARL,
ONR) to identify and screen new ideas. CFDRC wik westablished partnerships with US defense
electronic industry (Honeywell, Harris, Raythoonugdhes) for practical verification and software
commercialization.

6.4.2. SOURCE 2STRUCTURE AND REACTIVITY Il LECTURE

S1: good morning. today we're going to be talking about polyprotic acids, which are acids that have more
than one easily ionizable hydrogen, and among the most important of these are the amino acids. which
exist in proteins and peptides, and so we're going move to those as soon as we, cover some of the basics,
with, some simpler, polyprotic acids. i have on the board acetic acid, as the, archetypal carboxylic acid,
and then i have two... diprotic acids, succinic acid <PAUSE WHILE WRITING ON BOARD> and adipic
acid. <PAUSE WHILE WRITING ON BOARD> these are the common names for these, dicarboxylic acids.
their scientific names, are, one-two-three-four butane, dioic acid, and one-two-three-four-five-six, hexane,
dioic acid. however, they're usually called succinic acid, and adipic acid so we'll, stick with their common
names. now notice that we have two P-K-A values once we have, two carboxylic acid groups, and i've
given the P-K-A values here, and we want to compare them then to the P-K-A value of the single
carboxylic group we have in acetic acid. and you can see, that, of course these two protons are equivalent
and so the first ionization can be either one of those, and so, either one for the first ionization, has the P-K-
A value of four-point-two-one. but once i have removed one of the protons, then the other proton becomes
significantly less acidic. and so we want to talk about, first why the first proton, is more acidic than the one
in acetic acid, and then secondly, why does the, it becomes so much harder to remove the second proton
once we've removed the first one. and i think you know the answers to both of those questions, why is
succinic acid more acidic, in its first ionization than acetic acid?

<PAUSE:04>

S2: resonance?

S1: hm? [S2: (isn't it resonance?) ] i just didn't hear.
S2: is it resonance?

S1: well the resonance if i draw the, structure of the anion in each case <PAUSE WHILE WRITING ON
BOARD> so this is the anion for acetic acid the acetate ion... and lemme draw the corresponding, anion,
for succinic acid. < PAUSE WHILE WRITING ON BOARD> and it wouldn't have mattered which of these
protons i removed, i have similar resonance in both of 'em. i can draw a resonance contributor in which i
delocalize the charge to the other oxygen in either case. so resonance is not the, reason for the difference.
it's a, good reason for why it's as acidic as it is, but not for the difference. <PAUSE:04> any other ideas?

yep?

S3: you have (inductive and that's supposed to) take away the negative charge a little bit (xx)
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S1: and what is the thing that's the indu- doing the inductive effect?
S3: the oxygen atoms.

S1: the other carboxylic acid group here. okay? so i have the partially positive carbon these oxygens more
electronegative than carbon and so i have, an electron withdrawing effect, through the bonds, of one
carboxylic acid group stabilizing the carboxylate anion in the other case. so this, base, is weaker, than the
base, in, acetic- acetate ion. <PAUSE WHILE WRITING ON BOARD> and where the base is weaker, the
corresponding conjugate acid is stronger. well why is it so hard to remove the second, proton? why does
the P-K-A go up, with the second one? <PAUSE:08> yep?

S4: because there's two negative charges after that?

S1: because i already have a negative charge in the molecule so let's just write a little, equation for, the
removal of the second proton <PAUSE WHILE WRITING ON BOARD>and i'm going to put the,
hydronium ion... that has resulted sort of up there to remind us, that we're trying to pull this positively
charged species away from an ion that now is doubly, negatively charged. and so we have to exert more
energy it is, harder to do, to remove that proton from something that is already negatively charged. so the
first proton is easier to remove, than it was for acetate ion, but the second proton is harder to remove. how
notice what happens with adipic acid. the first proton, is, more like the proton in acetic acid, in other words
the P-K-A has gone up relative, to the P-K-A of succinic acid, for the first ionization, but the P-K-A for the
second ionization has gone down. what's going on here?

<PAUSE:13>
S5: the dipole is, weaker when more carbon atoms (xx)

S1:i have a |- greater distance between the two carboxylic acid groups. so my inductive effect, if i ionize
this one <> first, the inductive effect of the second carboxylic acid group is weaker, than it is in the case of
succinic acid. because inductive effect falls off with distance, so with the greater distance between the two
carboxylic acid groups, i have less effect, on sta- the stabilization of the base resulting from the loss of the
first proton. what is also true then about the loss of the second proton?

S6: (negative charges) (xx)

S1: again with negative charges are further apart from each other, and therefore it's not as hard to remove
a proton from this end of the molecule, when this end is negative, as it was with succinic acid where the
charges were closer together. okay? any questions about what we've done so far? <PAUSE:05> okay i'd
like to move on then to talk about amino acids, as po- polyprotic acids <PAUSE WHILE WRITING ON
BOARD> and the amino acids that we're gonna talk about are the alpha amino acids the amino acids that
are found in peptides and proteins. <PAUSE WHILE WRITING ON BOARD> and they're interesting to us
of course because they are the components, of, the very important, substances such as enzymes muscle
tissue cellular tissues, which are made up of, proteins... there's alanine, representative of a simple... amino
acid... and i'm drawing it this way first, to emphasize the fact that it is an alpha amino acid here, it is the
carboxylic acid group, and the carbon adjacent to it, (will) you remember we talked about, is the alpha
carbon, and i've got an amino group, on that alpha carbon so this is an alpha amino acid. and it has, two
sites of aci- possible acidity-basicity, um, this, is the, carboxylic acid group and the P-K-A there if we
compare it to acetic acid, we would expect it to have a P-K-A of approximately four-point-eight. <PAUSE
WHILE WRITING ON BOARD> on the other hand, we have the basic site here which can be protonated to
give us an acid <PAUSE WHILE WRITING ON BOARD> and that is sort of like ammonia, ammoniamine,
methylammoniamine, and that has a P-K-A, we would expect of about nine-point-four. so if we compare
this these two structures, we will see that the structure to the right, is the one that we should be,
considering... because, if we consider this as an equilibrium, between two acids, this is the stronger acid
this is the weaker acid and the proton resides on, the weaker acid. and so we have an equilibrium, where
the proton is mostly on the nitrogen, and only a little bit on the oxygen atom of the amino acid. so the, true
structure of the amino acid, is in this form, where it is an internal salt, the proton has been transferred from
the oxygen to the nitrogen, and we call that form the zwitterion. the internal, salt where we have the
negative charge and the, positive charge within the same, species not two separate ions that can, migrate
apart from each other. <PAUSE:04> well let's write, a series of equilibria for alanine <PAUSE WHILE
WRITING ON BOARD> and i'm going to start with the form <PAUSE WHILE WRITING ON BOARD> that
will exist at low P-H. where i have both of the basic sites in the molecule protonated <PAUSE WHILE
WRITING ON BOARD> so at low P-H, i will be protonated at the nitrogen and protonated at the oxygen.
but as i add base to the system... i will deprotonate <PAUSE WHILE WRITING ON BOARD> and if we
look up the actual P-K-A values of the, two acidic protons here, it turns out that this one is about two-point-
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three-four, and this one, is nine-point-six-nine. (okay,) so when i add base to the system, which proton is
going to leave first the one on oxygen or the one on nitrogen?

SS: <>

S1: the one on oxygen is gonna leave first. so the first deprotonation of this polyprotic acid and this is why
i'm calling it a polyprotic acid i've got two protons here that i can lose <PAUSE WHILE WRITING ON
BOARD> well the first ionization, gives me that, species, and if i were to add acid to that, it would go back
to being, this species here. okay? so at low P-H i have this at intermediate P-H <PAUSE WHILE WRITING
ON BOARD=>i have that form, and i can go on and add more base <PAUSE WHILE WRITING ON
BOARD> and that will deprotonate, the next, acidic proton <PAUSE WHILE WRITING ON BOARD> so i
get to the form that i have at high P-H. <PAUSE WHILE WRITING ON BOARD> let's take a moment to
consider, these two P-K-A values. why is, the carboxylic acid group in an amino acid, more acidic, than the
one in acetic acid? <PAUSE:08> what's going on there?

S3: positive charge (xx) increase (xx) stabilize the (xx)

S1: so i have the positive charge on this nitrogen, exerting an inductive effect, stabilizing, the negative
charge, on the carboxylate anion. okay? so that this is, considerably more acidic, than what we expected
by just comparing it to acetic acid. the amino group, it depends on whether you compare it to ammonia,
ammonium ion which has a P-K-A of about nine-point-four, or methylammonium ion which is about ten, it
lies somewhere in that range. and you can argue, two ways, you can say well it's a little more basic than
you expect these electrons are a little more available because they're close to a negative charge, or you
can argue well... you have the carboneal group there still, therefore it makes it a litle more, unavailable, it
lies right at the cusp of where you expect it to be and so it's a little hard to make an argument about that as
well. well we're interested, in two numbers. one of them is, that for a technique that is very often used in
analyzing for amino acids or peptides proteins and in separating them. and that's called electrophoresis,
where you put a substance on a gel, and you put two electrodes on it, and then you watch to see where,
the compound migrates, in this electric field. and there is, a point at which no migration takes place. and
that P-H is called the isoelectric point. the point in whi- at which the charges within the molecule are
balanced, so that it migrates neither to the positive electrode nor to the, negative electrode. <WRITING ON
BOARD DURING NEXT 1:00 OF UTTERANCE> so one, value we're going to be interested in, is, P-H for
what we call the isoelectric point. <PAUSE:15>the point at which <PAUSE:08>the amino
acid <PAUSE:07>does not migrate <PAUSE:05>to either electrode <PAUSE:06>in an electric
field. <PAUSE:09> for example, at low P-H the amino acid has a net positive charge, and therefore, it will
migrate to the negative electrode... and at high P-H it has a net, negative charge, and therefore it will
migrate to the positive electrode. and i can manipulate the P-H to do to make it do either one of those
things. but at this intermediate value whatever that is, i have a situation, where the charges are balanced
within the same molecule, and therefore, the compound is stationary, in an electric field. this also happens
to be the point at which the amino acid is least soluble. so you can sometimes get it to precipitate from
solution, at this isoelectric point. so that's another reason that we're interested, in knowing what that
isoelectric point is so that we can isolate, (a) compound. the other thing that we are really interested in,
especially when you get into biochemistry, medicine, is what is the form of the amino acid, at physiological
P-H? what is the form in which it exists, the cells and the tissues, enzymes things like that? so that is the
second P-H value that we're gonna be interested in. <PAUSE WHILE WRITING ON BOARD> and for the,
sake of argument it varies from tissue to tissue, but let's just take, a P-H of six-point-five as physiological
P-H. okay...? well last time... we derived, the equation for the acidity constant, of a weak acid, the K-A, and
from that then <WRITING ON BOARD DURING NEXT :31 OF UTTERANCE> by certain manipulations we
arrived at the, Henderson-Hasselbach equation, which said that the P-H was equal to the P-K-
A <PAUSE:05> plus the log, of the ratio, of the concentration of the, conjugate base of the acid... to the
concentration of the conjugate acid itself. <PAUSE:04> so this is a relationship that relates the P-K-A of
the particular acid we're talking about to the P-H of the solution. <WRITING ON BOARD DURING NEXT
:32 OF UTTERANCE> and we went further and said that when, at the special point at which we had an
equal concentration of the conjugate base and the conjugate acid, so when the concentration of the
conjugate base equaled that of the conjugate acid, then the log... this term the log of the concentration of
the conjugate base, over that of the conjugate acid, was equal, to zero... so that allows us to cancel out
this term... and we have this one special point, at which, the P-H of the solution, is equal to the P-K-A of
the acid that we're talking about. okay? so now let's see what, it looks like, if we try to
plot <PAUSE:06> what kinds of species we have, at different P-Hs, for ana- for alanine, (xx) for the amino
acid, (alanine.) <PAUSE WHILE WRITING ON BOARD> so i'm going to take, P-H as this axis <PAUSE
WHILE WRITING ON BOARD> and on this axis i'm going to plot the relative abundance, of the different
species there whether the, concentration of the, conjugate, base or that of the acid. so at some point i
have hun- a hundred percent, of whichever species i'm talking about, down here i have zero percent, and
in between, that point i have equal amounts of the two species... so i start with alanine at low P-
H. <PAUSE:06>and almost all, of the, species in solution are this form, of alanine. the_ form in which it
has it's doubly protonated. okay, but as i add base, the concentration of the, acid falls, H-A falls and for
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every molecule of H-A that is deprotonated i get one molecule of A-minus formed, so i have a loss of H-A,
and a gain of A-minus. okay? and our equation tells us that at a P-H value equal to the P-K-A value, which
is two-point-three-four for the first proton that i'm taking off, so somewhere around here... the concentration
of A-minus will equal the concentration, of H-A.<PAUSE WHILE WRITING ON BOARD> and then, the
concentration of H-A will continue to decline. <PAUSE WHILE WRITING ON BOARD> and growing in then
starting from almost zero, i will begin to see the conjugate base, forming. and again at this point, half of the
species in solution will be that of the conjugate base. <PAUSE WHILE WRITING ON BOARD> then i
continue to add more base, i'm now at this point, that's what we said at intermediate P-H, here, and i
continue to add base let me remind you that i can go this way too with acid, i continue to add base, and so
at the P-K-A value corresponding to this proton which is the one i'm now going to remove, at nine-point-
six-nine, i again have a crossing point. <PAUSE WHILE WRITING ON BOARD> so all in this region, it is
that species and then it starts falling off, comes down to half of it's value, over here, and tails off <PAUSE
WHILE WRITING ON BOARD> and the third species builds in. and i'm deliberately drawing these longish
tails, to remind you, that this doesn't happen all at once. that all three of these things are really in
equilibrium with each other we're just talking about what predominates at any one, P-H. and so
somewhere around here we begin to see, some of the third species coming in <PAUSE WHILE WRITING
ON BOARD> and at high P-H then, it becomes the predominant species. so here <PAUSE WHILE
WRITING ON BOARD> we have that species <PAUSE WHILE WRITING ON BOARD> this region we
have predominantly that species... down here <PAUSE WHILE WRITING ON BOARD> we have this
species... now with this we can answer two questions, one is, what is the isoelectric point? and that is the,
point at which we have a... maximum for our... balanced ionic species the zwitterion. <PAUSE WHILE
WRITING ON BOARD> which is actually if you wanna be more accurate the arithmetic mean of the two P-
K-A values that, border it. okay? so if we took the arithmetic mean of two-point-three-four and nine-point-
six-nine, you would get, the, isoelectric point for alanine. and the other question was, what form does the
amino acid exist in, at physiological P-H? and physiological P-H we defined as six-point-five. <PAUSE
WHILE WRITING ON BOARD> okay? so again the zwitter- zwitterionic form exists at physiological P-H...
do you have any questions about what i've done so far? yeah?

S7: when you say physiological P-H of the zwitterions, (ones) what about the (alpha) classes of blue
(lines) doesn't, the uh basic form also exist?

S1: yes, but the, you know the blue is just beginning to grow in at those P-Hs, there's very little of it. so
what is the predominant form there? that's what we're talking about. and if i did it accurately if i calculated
at every point what the concentrations were, i may have exaggerated how early the blue really begins to
appear. but the point i'm really trying to make is that it doesn't suddenly become blue. that there is some
blue, way back... any other questions? <PAUSE:05> okay well is this true of all amino acids? and the
answer is no... alanine is what we call a neutral. <PAUSE WHILE WRITING ON BOARD> but other amino
acids have additional amino groups, called other basic groups, or other acidic groups on the side chain.
and therefore, they tend to be, not just diprotic as alanine is but triprotic and so on. so let's take a look at
lysine <WRITING ON BOARD DURING NEXT :12 OF UTTERANCE><PAUSE> as an important basic
amino acid. <PAUSE> it's very often found in the active site of enzymes, and so we're interested in
knowing, what form it exists in, at thou- those positions. <WRITING ON BOARD DURING NEXT :32 OF
UTTERANCE><PAUSE:04>so lysine has two amino groups. one of them is at the alpha
position <PAUSE:07> the other one is at the <PAUSE:04> epsilon position. <PAUSE:09> so it is known as
an epsilon amino, acid as well as an alpha amino acid. and here are my three acidic protons, so i have
three different P-K-A values for them, this one is <WRITING ON BOARD DURING NEXT :08 OF
UTTERANCE> two-point-one-eight... this one is eight-point-nine-five <PAUSE:04> and this one is ten-
point-five-three. okay? so this one is almost like methylamine, this one is more acidic than en-
methylamine and this one is definitely more acidic than acetic acid. so i've drawn the form that exists at
low P-H... and we can do the same thing we did, with alanine, add base and explore what happens, at
each stage. so as i add base to the system i'm gonna lose one of these protons, which one's gonna go
first?

SS: <UNINTELLIGIBLE ANSWERS>

S1: the one on the carboxylic acid, the one with the lowest P-K-A <PAUSE WHILE WRITING ON
BOARD> so i have an acid-base equilibrium here, as i add base i go to this form if i were to add acid i
would go back that way this is at some intermediate P-H. <PAUSE WHILE WRITING ON BOARD> but
notice this is not the zwitterion. this is not what exists at the isoelectric point, because i have two positive
charges and one negative charge. so this is not balanced in its charge yet. <PAUSE:09> but i can add
some more base to it, (set up) another equilibrium, what's the next proton that's going to be removed?
which nitrogen? the alpha nitrogen or the, epsilon nitrogen? [SU-f: alpha ] the alpha nitrogen is going to be
the one to go next. <PAUSE WHILE WRITING ON BOARD> notice that this is the zwitterion. this is the
form in which i have a balance of charges there. <PAUSE WHILE WRITING ON BOARD> and also
presumably then the form that exists at the isoelectric point. <PAUSE WHILE WRITING ON BOARD> well
i still have another proton i can remove relatively easily <PAUSE WHILE WRITING ON BOARD> i'll set up
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another equilibrium <PAUSE WHILE WRITING ON BOARD> and this is the form that exists at high P-
H. <PAUSE WHILE WRITING ON BOARD> where i have removed all of the easily ionizable protons. this
is a triprotic acid, and i have three ionizations, for it. well let's do the same thing we did for alanine, draw a
curve for this <PAUSE:23>so here are my axes again. <PAUSE WHILE WRITING ON BOARD> of
relative abundancies on on- abundances on one axis, P-H on the other. <PAUSE WHILE WRITING ON
BOARD> okay? and once again i start with the most acidic form, the one at low P-H where everything is
protonated, and i have about a hundred percent of the specie up there, but then very soon, at a P-H of
two-point-one-eight <PAUSE WHILE WRITING ON BOARD> as i add base, i have lost half of that
species... it continues to die off as i add more and more base <PAUSE WHILE WRITING ON
BOARD> and a new species, comes in. <PAUSE WHILE WRITING ON BOARD> so at that P-H, half of
the s- species in solution is this, monodeprotonated form... which increases as i make the system more
basic <PAUSE WHILE WRITING ON BOARD> but then, at a P-H corresponding to the P-K-A of the next
proton that's going to be removed, in other words at eight-point-nine-five, so right around here <PAUSE
WHILE WRITING ON BOARD> this species, starts falling off <PAUSE WHILE WRITING ON
BOARD> and, a third species, comes in, crosses at that point... increases in concentration... then at the P-
K-A corresponding to the ionization of this, third proton in other words at ten-point-five-three, you see this
happens very fast. <PAUSE WHILE WRITING ON BOARD-> this falls off, and my final most basic
species <PAUSE WHILE WRITING ON BOARD> comes out. now the structures are too big to write here
so what i'm going to do is i'm going to label them, this is structure A <PAUSE:04> this is structure B, this is
structure, C... and this is structure D. okay? so we have A, predominating in this region... we have B,
predominating in this region, here we are at C, and we finally get, to D. so let's ask our two
questions. <PAUSE:05> what is the isoelectric point, for this species? well, the species that exists, at the
isoelectric point is C, so our isoelectric point is, here. <PAUSE WHILE WRITING ON BOARD> so it has a
high i- isoelectric point. and what is the form that exists, at physiological P-H? now remember we defined
that as six-point-five. <PAUSE WHILE WRITING ON BOARD> so which form is it? B, is the species we
have at physiological P-H. so at physiological P-H... notice that the, amino group, at the epsilon position, of
the amino acid lysine is protonated. in other words lysine is positively charged at physiological P-H. and
this is significant. for example in the structure of a protein, to have the positive charge on one lysine
molecule interacting in an ionic fashion with the negative charge of a carboxylic acid group somewhere
else in the molecule. so you have ionic, intermolecular type of interactions, nonbonding but still, helping to
shape the structure of the protein. okay? so the overall shape of the protein, is a multiple, of these various
interactions through the molecules you have a question?

S8: you said that the isoelectric point was also the arithmetic mean, is that only for diprotic?
S1: no it's the arithmetic mean <INDICATING TWO POINTS ON BOARD>
S8: oh just between those two.

S1: between those two. what is the H-A and which_ what is the A-minus, for that particular range okay?
any other questions about what i've done. <PAUSE:06> okay next time we'll start talking about carbon
acids, and enolate ions and then move on to their reactions.

{END OF TRANSCRIPT}
6.4.3. SOURCE 3LECTURE ON BIOLOGY OF CANCER

S1:let me remind you, one more time about the disomssections tomorrow those of you who happen
to be in the one o'clock, discussion session waging from fourteen hundred, to thirteen hundred
Chemistry Building, uh if by any chance you goarteen hundred Chem tomorrow i think you'll end up
in a P chem class, which i assume most of you waqrefer not to be at, some of you might wanna be
there but, uh if you end up in a chemistry classember we're in the lecture room on the opposite, si
of the building. also remember for tomorrow's di&sian that i gave you kind of a thought exercis¢ha
end of last Wednesday's discussion after we haidjueed, um that article that i read you from thenAn
Arbor News found all the things that were wronghuthhat study, i asked you to think, in this intering
week about the kinds of experiments you might dg.amnd do a better job of trying to find out whethe
there's a relationship between birth control psthge, and cancer risk, and i think i said thereisingle
experiment it's not like there's one right answera very complicated question how scientists lgaug
establishing cause and effect, uh so i would hogeetar a variety of approaches which you might come
up with, in terms of trying to experimentally adssethat question so we'll discuss those tomorro, a
see both the strengths and weaknesses of the saiqerimental approaches. today as you know from
looking at the lecture schedule we're gonna tcabkény about metastasis, which uh, the processgéde
the spread of, tumor cells from their primary gifeorigin where they originated, to another orgéa v
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body fluids and most of the time we're talking abthe blood stream the circulatory system. but you
should keep in, mind that there are other bodydfiuhere's the lymphatic system there's the cdrebra
spinal fluid, there's also the peritoneal fluidtfie abdominal cavity. anywhere there's a fluidhia body
that cancer cells can get into, those cancer celid float through that fluid and end up somewlase

in the body. so basically it's uh, getting the @aneell into a fluid somewhere and transportingpita
distant site. and usually we're talking about,lifeod stream. uh by now you have a pretty good afea
the importance of metastasis, um, as a phenoménmspiffall it's part of the inherent definition cfncer.
remember the only defining characteristic of caneers the ability to spread by the process of eimgag
in metastasis. that's the only thing that distisges it unequivocally from a benign tumor. so niatis

is part of the defining, features, of a cancero dést time you learned that uh, metastasis isafrtee
main ways that, cancer uses to kill people. uhntén cause of death is usually, not the primaryaiym
but metastases spreading throughout the body ded gétting into the one one of the vital organshs
as the, brain or liver or kidney, and this is oftéimat cancer patients will die of. so this meara thwe
could do anything to interfere with the processnaftastasis, in essence we could cure people oécanc
or we could at least cure people of the most dabitig and threatening life threatening, aspectaoicer
which is the ability, of these cancer cells to rettaize. so today we're gonna focus on metastagisin
essence we'll be focusing on the question of whitt about cancer cells, that in fact, allows thémn,
metastasize, while the benign tumor cells, can'thd® nor do other, normal kinds of cells do this.
addressing this question, first of all you havedalize that metastasis is not a single event.vandalk
about metastasis it's not really, a single, protesiswe're talking about it's actually, a sequerseries of
events, all of which must take place, in ordertfas phenomenon, of metastasis to occur. we commonl
we therefore divide, metastasis into a seriesagfest and i'm gonna use three major steps, to dikide
process, today:13 PAUSE WHILE WRITING ON OVERHEADbe first, step, in the process of
metastasis, involves the ability of cancer celisinivade surrounding tissues, and vessel§ PAUSE
WHILE WRITING>perhaps i should remind you that the definitiorcaficer remember was, the tumor
that had the capability of invading and metastagizieally, the first step in the process of metsistis
invasion.<PAUSE:04>so the first part of the definition of a tumorl¢cé in fa- of a cancer cell is in fact
this, process that is the first step, in metastagiy do cancer cells do this invade surroundisgug why

do they tend to wander off and infiltrate, penetratirrounding tissue while normal cells don't dat.th
actually there's several factors that appear tiovmved, first of all, cancer cells don't sticlgether. uh,

if a group of you in this in this room wanted tanthof yourselves as a cluster of cancer cellgoif were

all holding hands and joined to each other cledybe very difficult to metastasize you couldvetry,
easily invade, uh you'd all hafta, you know moveaass an attack unit, and if all the cells in adgm
were attached to each other, it would be virtuaipossible. so the first thing that cancer cellkikix to

get over this, problem is decreased adhesiven#ssy. don't stick together. they don't hold hanohdike
normal cells. um, if you were to take, a clumptafmor tissue take a biopsy a specimen of tumoudiss
and, put those cells into a test tube and, puirgmsome kind of a, a nutrient solution, and shilet test
tube very very vigorously, you'd find that the cancells would readily come apart. and you'd scaveh

a solution a suspension of individual largely indiial cancer cells. now you might not think that's
unusual, until you hear what happens with norm#é ¢eyou took a normal, chunk of tissue, a biopsy
from a normal region of tissue, uh and put thema itest tube with a nutrient solution and try tokeha
them up, they would not come apart. there are weny strong structures, that hold adjacent cells
together, in most tissues of the body. especialgpithelia, which remember are the main tissues in
which, cancers arise. so cancer cells don't, sticdach other they're not structurally joined toheather,
the way normal cells are. and since they're natkstol each other, individual cells can easily warafé..

the second thing that cancer cells, exhibit thimived them to invade is increased motikty)9 PAUSE
WHILE WRITING>and again, picture yourself as part of a clumpaofcer cells, if you were all, holding
hands if you let go, but you just stood there, mgabu're not gonna invade, you're not gonna go
anywhere. you gotta be able to walk you gotta He slbomove. most cells in the body don't move. most
cells are not motile there are some exceptionsgswatis as part of their normal functions need twven
but in an adult organism very few cells actuallytdis. and even cells in the_ blood cells you mithtk

of them moving but it's really the fluid that's niay more than the cells themselves. so most aeltke
body don't tend to wander off, walk away, so toadpdrom their site of origin. untrue of cancerlsel
cancer cells tend to exhibit increased motilityytihave, uh, contractural proteins within them, noast
cells have these but in cancer cells they're begsgl, to actively move the cancer cell from onation

to another. the final thing you gotta worry abogd; you've seen we we've gotten rid of the linkst th
hold cells together we've given them the abilityriove, the final thing is you've got to_ you're neit
moving through open space, tumors are surroundetisbye, and if cancer cells are gonna move they
have to somehow get through that tissue. and thyethey do this is through the secretion, of a farofl
enzymes called proteases, and presumably from pmlogy background you know what this word
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protease means it's any protein, digesting enzy®@ PAUSE WHILE WRITING:and cancer cells use
these proteases because, much of the supportisige tisround the tumor, has protein structures and
protein fibers that represent a barrier. so inrssevhat these proteases do is digest a path,gihrine
surrounding tissues:06 PAUSE WHILE WRITING:and especially the tissue that we call, the stroma
the stroma is the supporting tissue. perhaps céneetissue you may have heard that term the
supporting tissue, of the body. and it consistscel| types called fibroblasts, which secrete, girot
fibers, and these protein fibers come togetherotanfa structure called the extracellular mai@5
PAUSE WHILE WRITING=a dense network of intertwined protein fibers, dimdlly so we've got
fibroblasts we've got these protein fibers to fah extracellular matrix, and we also have bloosbets,

in the stroma. and we talked about the importarfitkase, uh to some extent last time. so this stijyp
tissue contains a mixture of, cells of protein fibéorming this matrix, and blood vessels. andaificer
cells are gonna wander off and invade and infédtratirrou- surrounding tissues they've gotta digest
path, through this stroma. and as i said they daritugh the secretion of proteases, and theraiglag

two main proteases that they use, one is callednpioogen activator:07 PAUSE WHILE
WRITING>and plasminogen activator, actually catalyzes axtien. it catalyzes the conversion of a
protein called plasminogen... and converts it tpratein called plasmin. and plasmin is an active
protease... while plasminogen represents an ireagbrecursor of that proteassPAUSE:06>now
remember i told you that plasminogen activatorlfitisea protease what is a protease by definititm i
something that breaks peptide bonds. so plasminagéwator breaks one of the peptide bonds in this
precursor called plasminogen which is normally tiva; by breaking that, peptide bond (and) cleaving
off a fragment from its inactive precursor, it cen it to plasmin, which now, in turn can alsodtion

as a protease. now you might wonder what is theqaar of, cancer cells secreting one protease whose
sole function seems to be, to create a seconcerdiff protease. in essence this is an amplification
mechanism. cancer cells don't have to, secretenaach plasminogen activator, cuz this is in essemce
enzyme. remember enzymes being catalysts requirgdry very small quantities, so a small amount of
plasminogen activator can convert large amountplaéminogen, to large amounts of plasmin. and
plasminogen is found in very high concentrationthi@ stroma. okay so most of the body tissues laad t
supporting tissues of the body in the stroma, dorirge amounts of plasminogen. it's normally not
doing anything it's just sitting there, as an inectprecursor. but when the cancer cells secrete
plasminogen activator, it only takes a few molesutbey can convert millions of molecules of
plasminogen into plasmin, till you get a very vaigh local concentration of protease, from secggjtirst

a few molecules from the cancer cells. now anopinetease that's active in, cancer tissue is a,lyaohi
protei- proteases called, matrix metalloproteas@6 PAUSE WHILE WRITING»r M-M-Ps<:04
PAUSE WHILE WRITING=and these matrix metalloproteases are often, lcfuaduced by the stroma
itself the cancer cells somehow stimulate the s#oim again do something rather, dumb from thetpoin
of view of, of the host organism remember last wieg#d you that, cancer cells cause the normaltis

to produce blood vessels which is sort of dumteims of the host because, the blood vessels s@pport
the tumor. now the ho- normal host tissue is daingther thing that's pretty dumb from the pointiefv

of the host, which is producing matrix metallopestes, on the existence of these cancer cells hasé t
matrix metalloproteases again help to break downetttracellular, matrix. it appears that both afsth
families of proteases they do somewhat differeimgh and both of them are needed in order to get
efficient, invasion by cancer cells through th@sta. now once, these enzymes have allowed the rcance
cells to digest a path through the stroma the, eranells can migrate away from the primary site of
origin, until they encounter a blood vessel, usui$ a small capillary, a large bus- blood vesseuld

be harder for cancer cells to get into. but smafliltaries which have a wall that's only a singigdr
thick, cancer cells can actually penetrate that,vaghin with the aid of these proteolytic enzyrheking

to break down, the structure of that capillary wiike cancer cells can penetrate and now get leset
small blood vessels. so the cancer cells end upgdbiree things, that allow them, to start off finecess

of metastasis. first of all they don't stick togathso you don't have_ you know remember i told you

can have enormous benign tumors. benign tumorsvedgh fifty or a hundred pounds. and the reason
they are benign, is that those tu- cells are altisto each other. no matter how, big the tumos,ggiu

still have just one mass of cells, surgeon goesethemoves it no matter how big the tumor, uh, and
you're cured. the only case where that's reallyoblpm is if that tumor happens to be growing imryo
brain, uh, where, clearly if the surgeon doesrtttgét quickly it can cause significant brain dageabut

in benign tumors if the cells stick together, yoavé no problem. malignancy the cells don't stick
together, the cells are mobile they wander offalfinthey secrete these enzymes and stimulatetithens

to produce more enzymes, which ends up digestpagfathrough the, surrounding tissues and intodloo
vessels. so that's the first, of the three stepsnefastasis the, uh invasion, of cancer cells & th
surrounding tissues and in the blood vessels. tmegve gotten into blood vessels, we'll go to rama
numeral two now, the second major stage in thega®of metastasis, once the cancer cells get throug
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the walls of these small blood vessels they're mothie circulatory system. and at this point, carwedls

are transported;:04 PAUSE WHILE WRITING*hrough the circulatory system, to distant plase.
through the bloodstrearm11 PAUSE WHILE WRITING essence the cancer cells are now free to
circulate everywhere in the bodsPAUSE:05>now you might think, intuitively that once, canaalls,

had entered into the circulatory system the gamserisof over. that there'd be s- no problem gettirese
cancer cells transported everywhere around the bbdp set up distant metastases. but actuallyritst
out that the blood stream is not a particularlyditable place, for cancer cells and in fact vemy t&ancer
cells, actually survive the trip. how do we knovatth uh, we make lots of statements how do we know
these things? well clearly you can't do experimentsow cancers cells survive in the blood stregm b
injecting cancer cells into the, veins and artedéfiumans right? that would not only be unethidal,
actually wouldn't work because of the immunologirgkction problem we talked about, last week so,
you can't study it in humans, again you can't sitidytest tube experiments because test tube's kiave
circulatory systems, so the only way you can teit is in animals. and the way it's tested in atsma
you've gotta have a way, once you've injected #reer cells into the bloodstream, to follow them, t
find out where they are to follow their fates ame tway this is done, is by creating populations of
radioactive cancer cells04 PAUSE WHILE WRITING>so0 you could take a transplantable tumor for a
mouse for example, and grow it in a mouse for denini the presence of radioactive isotopes put some
isotopes into the mouse's diet, or do this in caltexpose these cells to radioactive isotopesjngake
rad- the cancer cells radioactive. now it's easspim these cells because they're radioactiveogsoyou
isolate some of these radioactive cells, injectrthiato another animal's, bloodstream2 PAUSE
WHILE WRITING>and you wait to see what happens and you can Geger counter or some other,
mechanism for monitoring radioactivity, to find auhat's happened to these cancer cells. what yolu fi
is that ninety-nine-point-nine percent of thosecearcells are quickly destroyed in the bloodstrealess
than zero-point-one percent, will typically survithe trip... a few days later most of radio- mdsthose
radioactive cells, most of the radioactivity hagmeuh, discharged from the body. broken down gotte
rid of. so most cancer cells, and this is_ rememiyéh inbre- inbred strains of animals, these aign
should be able to genetically accept these tumits teat we're working with, yet very few of thenzar
cells survive. so it's been concluded that in éady a tiny, fraction of the cancer cells of a tgditumor,

can in fact survive in the bloodstream. and themfdead to the process of metastasis. now what
determines, whether or not a cancer cell in fact da this, if they're supplied in the blood stream,
ultimately set up a distant metastasis. is it ramdis the one cell or so out of a thousand thatiges the

trip and ends up setting up a metastasis, is tisatg lucky cell that somehow escaped all thealfstof
traveling through the bloodstream? or was thereesimg special about that cell something unusbalt, t
allowed it, to survive the trip? well if you opemwr coursepack to page twenty-nine, uh sorry page
twenty-one, let's talk about this experiment, whicliresses that question, of whether there's sargeth
special about the cells, that metastasiBAUSE:07>these experiments involve a uh, a melanoma cell
line, remember this is a malignancy of pigmentdts ad the skin, uh a melanoma called, B-sixteégn.a
mouse, transplantable tumor. and it rarely metessasif you want to implant some of these canedlisc
under the skin of a typical mouse, um, and you \@mafew weeks for it to grow into large tumors
eventually you will find, a few metastases in thads. you might find one or two or three if you twai
several weeks but not very many. but let's takmesof the cancer cells out of one of those sucakssf
metastases, isolate those cancer cells, put theler tihe skin of another mouse, and repeat the psae
second time. wait a few weeks, look in the lungsy'lyfind this time there may be four or five metiases

a few more than you got the first time. again isothose cells, inject them into a third mouse. @amat
this over and over, ten successive times. afterépaats we have a cell population which we refeast
melanoma, B-sixteen they're still the cell sameceacell type, but we call it the F-ten generaiitmthe
tenth, transplanted generation. where you've saleeich time, four cells that metastasize, andesin
the dose. the melanoma B-sixteen F-ten line, natasts very very frequently. you inject this into a
animal, and in a few weeks you'll find hundreds dmohdreds of metastases in the lungs. so it is
metastasizing very very frequently. so what can gouclude from this? although it might not be
apparent immediately to you in fact these experisiehow you that cancer cells vary in the frequency
with which they metastasize:15 PAUSE WHILE WRITINGxow how do we know that cell
populations vary, that they're not all the samé8 g back and think about this experiment agairat
you're obviously doing is selecting each time, tfavse cells that su- successfully metastasizé.vias
sheer luck, just a random fluke that they managedbotit, then the next time you injected thosescill

the whole population shouldn't do any better atastesizing, than the first population did, if it reve
sheer luck. but that's not what's happening eatle ft's getting better, because you are selecting,
specifically for those cells that know how to meédagze. and by the end you have a highly enriched
population you've taken a, cancer cell line whaitsily, those cells represented a very very firmction

of the total population, now those cells capablenetastasizing represent a very high percentagleeof
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population, because you have been selecting foptrdicular type of cell. so the cancer cells viaryhe
frequency with which they metastasize and in thigegiment we are selecting preferentially for those
cells, that do have that capability. now althoulbse experiments involve, what i might call a geddu
change, in the cancer cell population induced brificial selection, the experimenter is selegtfor
this, generation after generation, there is somgtkimilar, that actually occurs, in normal sitoas in
people that have cancer. and we refer, to thigrasit progressiorPAUSE:07>and this simply refers to
the process by which, the cellular composition e tumor changes with time:26 PAUSE WHILE
WRITING>and this concept is based on the notion thafjuseintroduced you to that cancer cell, tumors
cancer cell populations are heterogeneous, popotatf cells they're not all the same. in the expent

we just saw, we selected, for the ability of cédisnetastasize. um, in cancer patients sometimeggb
that kind of selection for example, you have a jryntumor, and maybe very few of those cells can
metastasize, but some of them do say you havepairary melanoma in the skin somewhere, and it
metastasizes to the liver a couple of them, wels¢htumors that now grow up on the liver, are dabs,
have the ability to metastasize. so those secortdangrs can in turn, metastasize and they'll dat &
much higher frequency, because you'd already selenice, so now you may get cancer cells all dwer t
body, that are quite different from the initial pdgtion in the primary tumor. you've gotten a graldu
progression change in the characteristics with tiasemetastasis has taken place. uh, this phenameno
may be especially important for understanding whegbpens, uh during attempts to treat cancer with
some of the cancer chemotherapeutic drugs thaewenna talk about, later in the semester. and what
you're gonna tr- learn later in the semester butrle, just give you a preview today, is that cancer
patients who are treated with chemotherapeutic gloften go into what we call a remission. and this
word remission simply... refers to a temporary piggarance... of the disease. temporary disappearanc
and we know it's temporary because that's whawtirel remission means. if by some, chance, the drug
actually cured the person and it never came bdeqg tve would call it a cure. uh, when it initially
happens you don't know whether it's cure or remissiloctors to be safe will usually initially sayell

the patient's gone into remission. there's no efgiie tumor now. we don't know whether it's a core
not we'll have to wait you know five ten years maytbepending on how fast that tumor was growing and
spreading, to know whether it was actually a carejust a remission. unfortunately for people who
already have metastases and were treated with ¢herapeutic drugs, uh, most of the time, it's dbtua

a remission that occurs. it's rare that a singlatinent of chemotherapeutic drugs will completeiseca
patient of cancer. why does the disease come baekhat happens is, with the drug you kill maybe
ninety-nine-point-nine-nine percent of the canaglis¢ but the point-oh-oh-one percent of the clelfs
behind, again it's not a random, group that'sbeftind, the cells that are left behind that werdti&d by

the drug, are cells that are inherently resistemtthe effects of the drug. so when that, cancdr ce
population eventually grows back, it's usually,caim't be successfully treated with that same Irdtiag.

so it's often, when people have remission and thencancer comes back it's often much much more
difficult to treat them the second time, becauss gopulation has undergone progression, the aedls
more aggressive these are now resistant to the dmaghose are the ones you selected for. remeatber
the end of the exper- uh, class last time, uh wedaoking at Folkman's experiment with endostatid

i said the remarkable thing about that experimaas remember he treated, the cancer cells ondein t
animal with endostatin, the tumor went away, heaesd the treatment for a while and let the tumor
come back, when the tumor came back the secondittivwees just as sensitive to treatment as it was th
first time. it wasn't resistant. that's very undswéth most, cancer drugs, in fact the second tihee
tumor comes back it is resistant, and it's bec#hisephenomenon, of, uh, tumor progression, ovaeti
you are selecting for either the body or with drugswith metastasis, you are selecting for a more
aggressive (composition.) are there any questionghis, phenomenon? it's often misunderstood, so i
wanna make sure it's clear to you yeah in back?

S2:um, is tumor progression, necessarily uh, come withan enhanced grading, remember how you
graded the tumor, it's microscopic

Sl:that's a good question. it's not exactly the samregt remember i told you that tumor grading, was
based, solely on the way cancer cells look undentitroscope what size of nuclei, metallic indets lof
things that you see in the microscope. those tdaitst have to change, in order for you to seleta
population that's resistant to a drug or can mas#st more readily, those things tend not to shpw u
under the microscope. so often the tumor has pssgreand it's it's quote unquote more aggressink, a
yet to you look at it under the microscope anadkis pretty much the same. that's not always tee.ca
sometimes it will look different. it would, it wodllbe great if it always looked different becausntiiou
could recognize it. unfortunately it doesn't uspadiok different, we're looking at different progies
here.<PAUSE:05>anything elseRPAUSE:04>o0kay, well we've seen that the tumors are
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heterogeneous populations of cells they're nobumifbut heterogeneous populations of cells, orilgya
fraction of which are capable, of carrying out thiscess of metastasis. but you can select foethels
over time, and get a population that eventuallygnsiched in those cells that carry out metastdises.
next question i wanna address is, how are thetedifferent? if we are selecting for cells, that anore
efficient at the process, of metastasizing, uh whakes that possible? how are they different at the
fundamental molecular cellular level, that they gafact, uh metastasize more readily? as i judicated
from my answer to that question, it's not the wagytlook. it's obviously gonna be something elsell w
although we are far from being able to answer djigstion in detail, it appears that surface progert
properties of the surface membrane of a cancehegk a lot to do, with whether or not it can efidly
metastasize. now let me describe for you one, giragperiment, which makes this point. this is om th
next page i believe of the coursepacRAUSE:05>page, twenty-twaPAUSE:04>this experiment sort

of, picks up where the last one took off rememberéxperiment on page twenty-one, ended up with thi
cell line melanoma B-sixteen F-ten, that metastasfrequently. so we've selected for these céidg,dre
very very efficient in metastasizing, now we'rengyto find out why are we so good at it. whattighout
these cells? well if you take these cells and mgpthem put 'em into a big blender and, you know, o
grind them or something like that to rupture théscdreak them apart into their individual compnotse
isolate out the membranes, using centrifugatiosefmarate the membranes from the rest of the aeil, n
remember_ not from the rest of the cell from th&t tf the cell components we have no cells lefhist
point. we have only isolated membranes. clearlgah®y themselves are not cancer they can't gr@seth
are not cells they're just membrane fragmentsuhder certain experimental conditions, we can kifyd
promote the fusion, of these membrane fragmenistact cells. so let's take these membrane fragsnent
and under these conditions fuse them, to melanosiatBen F-one cells. remember that B-sixteen F-one
cells were the first transplant generation from greceding experiment. these are cells that rarely
metastasize. so we're taking cells that are vegffiaient at metastasizing, and we're fusing, ititeir
plasma membranes membrane fragments pieces of raeeslfrom cells, that readily metastasize. what
do you end up getting? you end up getting cells fitemuent metastasize. so this clearly shows tthet
plasma membrane, influences the ability, to metama<PAUSE:13>s0 you change the membrane
composition, you change the ability of the cellmetastasize. now why is that? what's going on here?
well we don't know for sure, uh but if you read Hrécle that i assigned that you were supposeédad
prior to today's lecture, you know that we thinlattlinteraction between the immune system and this
plasma membrane is somehow involved. now for yothéwoughly understand these experiments you
need to know, a few basic things, about the priesipf immunology, i assume that most of you know
these but let me quickly review them, just to makee we're all on even footing here. if you were to
attempt, to graft an organ, a kidney or a heagvan a skin graft something like that, from onesparor
another, uh the recipient's immune system obviothsyis a problem with heart transplants all tineet
with kidney transplants, the person receiving thgao their immune system recognizes that organ, as
being foreign, as coming from somewhere else. &rdimnmune system wants to attack that invading
tissue in essence. in order for heart transplamtiskédney transplants to work the patients havéep
treated with drugs so-called immunosuppressantsgmugich uh inhibit the immune system suppress the
immune system, so that their immune system willindact reject those tissues as being foreignwthg

the immune system normally, attacks foreign tissisesusing a special cell type called the T-
lymphocyte <PAUSE:05>the T-lymphocyte is is the main component of thenime system, which
attacks, foreign tissues foreign cells, when tleyitroduced into the body. and when they attack, a
foreign cell, what signals them that they shoulddoéng this, is a composition of that foreign cell’
plasma membrane. it's something about the plasmmabname that the T-lymphocytes recognize as being
foreign. and part of what rec- part of what it rgaizes, not completely, but part of what it recagsi is

a plasma membrane glycoprotefPAUSE:05>i assume you know what this term glycoprotein nsean
it's a, a protein that has some sugar (roots) fathao it, the T-lymphocyte recognizes a plasma
membrane glycoprotein, called the major, histocdihpdy complex.<:12 PAUSE WHILE
WRITING>or M-H-C, as we usually abbreviate it. and aga ghould be familiar with this from the
reading that you did for today's lecture. in migh,where the experiments i'm, about to talk aboak t
place in mice, several different genes, for M-H-gise and depending on the cell type or of the
inheritance uh, how that mouse was bred, who hisnta were, it may get different forms of the géore
M-H-C. and these have been used, to study the gsomkemetastasis. uh the experiments i'm about to
describe to you actually i think were pretty wedlsdribed in that coursepack article, so i will pyret
quickly, go over them with you and make sure yompgletely understand them. remember in that article
you read about, two, mouse cancer cell lines yeah,to the page in the course pack yeah righthig,

is now on page twenty-two... remember you read gliao cancer cell populations in mice. the D-one-
twenty-two cells, and the A-nine cells. remembet these two cancer cell lines differ in their @pito
metastasize when you inject them into animals. B-oventy-two cells metastasize very very frequently
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A-nine cells metastasize quite rarely. these oedlsl also differ in the ability of, their ability telicit an
immune response. if we just measure the abilitthefrecipient mouse's, immune system see whether it
T-lymphocytes, are attacking mounting a responsenat those cancer cells, you find that the D-one-
twenty-two cells when injected, elicit only a waakmune response, while the A-nine cells, eliciteayy
strong immune response. this goes along with tbetlfeat these two cancer cell lines D-one-twentg-tw
and A-nine, have different M-H-C genes being exgpeds so the D-one-twenty-two cells have only the H-
two-D form, of M-H-C in their plasma membranes, lgtithe A-nine cells have both the H-two-D form,
and the H-two-K form, of the M-H-C molecule in th@elasma membranes. now if you were to just look
at these experiments, all you could really concludethat a strong immune respors@5 PAUSE
WHILE WRITING>is correlateck:05 PAUSE WHILE WRITING3s correlated with... a low rate of
metastasis<:10 PAUSE WHILE WRITING:n other words the A-nine cells that metastasiely that's
correlated with a strong immune response vice yérsaweak immune response that's correlated aith
high rate of metastasis. but the key word her@igetation. you cannot prove cause and effect Heve

this kind of observation. if i were to have jumpedthe conclusion that the immune strong immune
response elicited by the A-nine cell, is respomsilolr their low rate of metastasis if i concludéett
solely based, on these data i would be committiegpiost hoc fallacy. the kind of fallacy we wenitey
about in discussion section last week. the falldayt when you see two things that go together, Asgo
with B therefore concluding that A causes B. cledniat's a logical fallacy. it might be somethirigeg
that's causing, this low rate of metastasis othen tthe strong immune response. so this is just a
correlation. how can we move from a correlatiora iwause and effect, proving that there reallydause
and effect relationship. this is an important issared something hopefully you've been thinking abou
this past week because i sort of challenged yotheaend of last week's discussion to think ablooty
could you design a better experiment, to show #iationship between birth control pill usage and
cancer, if there was in fact a relationship howldgwu unequivocally show one way or another, waeth
there was a cause and effect relationship so ydhopefully been thinking about this, and, one @& th
things that you might have been thinking about égnd some experiments. these are just passive
observations. you gotta do some experiments, if y@nna prove cause and effect. one of the
experiments, you again should have read about, le ftoursepack article, was this
experiment<PAUSE:04>the D-one-twenty-two cells remember, metastasieey very frequently and
that's the_ correlated with a weak immune resp@msk we thought maybe the immune system, has
something to do with it. well if the immune systelmes have something to do with it, we could teat,th
by changing the M-H-C gene being expressed in tren®twenty-two cell. so let's take these D-one-
twenty-two cells and transfect them with H-two-KNDA. transfection is a technique if you haven'trdea

it about it from your biology background let me tjuguickly say it's a, it's a laboratory method for
introducing D-N-A into cells i'll talk more about mext week in m- in more detail, but it's just aywit
was it was briefly described in the coursepacliclrtas well, just a way to get foreign D-N-A intells

so we're getting this, D-N-A coding for the H-twq-KI-H-C gene, into the D-one-twenty-two cells. as
soon as we do that and inject those cells now, backmice, now they metastasize quite rarely. ‘tieey
suddenly behaving like A-nine cells. in terms, ledit ability to metastasize. and they now elic#itiang
immune response. just like, the A-nine cells. se th much more direct, evidence to the fact that t
immune system does in fact influenc®7 PAUSE WHILE WRITING:*he ability to metastasiz&:08
PAUSE WHILE WRITINGx»hen we use the word influence we're talking caase effect. well we
know now it's cause and effect because we've dorexperiment. we've changed the immune response
by changing the M-H-C gene that's being expressadhe surface of those cells, the M-H-C protein
that's being expressed, once we do that the imrsystem now recognizes the D D-one-twenty-two cells,
it attacks them just like it attacked the A-nindlg;eand drives down their rate of metastasis. hso t
immune, response the ability of the immune systemetognize and potentially destroy, cancer cells,
clearly can interfere with their ability to metasitee. these experiments, clearly show that. buhés
immune system, the only, factor involved? or arerghother variables that influence the ability to
metastasize? well there was one more, very clexperament described in the coursepack article,
involving the use of immunosuppressed animals.oifi yanna find out, whether or not, the immune
response, differences in the immune response isrthevariable, influencing the rate of metastabis
way to test that, is to inject cancer cells, by panson into immunosuppressed animals. these are
animals that have been treated with drugs that regpptheir immune system, or there are strains of
animals that have an inherently defective immunstesy, either way we're dealing with immune-
immunosuppressed animals which cannot, mount aruimemesponse. if the immune response were the
only thing determining whether cancer cells canastetsize or not, then the difference between the D-
one-twenty-two behavior and the A-nine behavior tetms of metastasis oughta be completely
obliterated, in immunosuppressed animals rightRdfonly, reason that they're behaving differeritly,
rates of metastasis is because they elicit differmune responses, then you get rid of the immune
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response, you should get rid of the difference. tinade two cell lines should metastasize at theesam
rate. notice that that's not what happens. the ®&taenty-two cells still metastasize at their ai high

rate as you would expect, this tells you the immusgetem is, basically not capable, under these
conditions of attacking, the D-one-twenty-two cettse A-nine cells in the immunosuppressed animals,
remember, in normal animals they gave you a low, rat metastasis, now they go to a medium, rate of
metastasis they metastasize more frequently, gellou that the immune system was in fact inhibiting
their ability to metastasize, but they still donietastasize as well as D-one-twenty-two. fo- se thi
suggests that there are additional factors thafrtireune system yes is one factor but there arer othe
factors as well, that can differentiate betweerfediint cell populations in terms of their abilitiy
metastasize. any questions on, this set of expatsfePAUSE:05>clear? if you have any, any trouble
at all when you go over your notes trying to follevhat's going here again this set of experiments is
pretty well described, in the coursepack articlat tih assigned (to take home&RAUSE:04>0kay. so
we've now talked in detail about the first two stép the process, of metastasis. we talked abaut th
ability of cancer cells to invade through surrounggdtissues in terms of penetrating the vessels namd

we just talked about the transport of cancer caighe bloodstream, uh to distant sites of theybadd
we've seen that most of the cancer cells die atbagvay most of them don't make it, and clearly the
immune system is part of the explanation, for waly,the cells don't make it the immune system can
clearly attack cells along the way, but there ntnessome other factors involved as well. this noinds

us to the third, step in the process of metastasi that is the ability of cancer cells to reinvachd grow

at various sites<:18 PAUSE WHILE WRITING»ow i'm gonna say at specific sites and you'll\sbg i

use this particular word, in the next few minutebat determines, where cancer cells will actuaiig e
up, reinvading into the tissue somewhere elsengettp housekeeping and forming an actual metastasis
turns out that there are two different factors ilay a role here. one of 'em is, pure topograjtisybased

on the anatomy, of the circulatory systerrl5 PAUSE WHILE WRITING=and if you'll turn to page
twenty-four, in the coursepack i've got a diagrarehto help you understand... what's going ams.is
pure geography we're talking about. and we're gaalhkaabout three potential locations, where priymar
tumors might arise there are, only three, i shaalgor three major categories of places where tsican
arise. now let's start off with the broadest catggdhich is category one down here, which is cabledy
tissues and organs, and that, literally means etissye and organ in the body, where cancer calts ¢
arise with the exception of the lungs, and the simand intestines cuz the lungs and stomach and
intestines behave a little differently, than wea#le in a few moments. so let's talk about (with the
majority of the organs in the body let's say, adiildual had an osteosarcoma in the leg bone for
example. where are those cells likely to metastagi? well as you saw in step one, they're gonna_
cancer cells as they invade through the bone agateally gonna, encounter blood vessels somewhere,
and, the blood vessel they're, li- most likelyrigade into is gonna be a very tiny capillary clzdbt the
thinnest wall. so it invades into the capillarieslahe capillaries immediately  now the fluid fldte
blood flow will be going towards the small veinsidathe small veins feed into the larger veins which
feed into the larger veins and finally end up,hia tight chamber of the heart. so we're going igger

and bigger plumbing. okay we're starting out witmeer cells in a very very narrow tube, going into
bigger and bigger plumbing where there's more anckmoom for them, and so we end up in the right
side of the heart. from the right side of the hetlwese cancer cells in along with the blood amngde
pumped into the lungs. in the lungs the, pulmoratgries break up into a series of veins so thedylah

in a series of capillaries, so that the blood caeoime oxygenated. so we go back down to very very v
tiny, vessels again. which is the way we startegll when we started down here in capillaries ofrseu
the cancer cell was burrowing a hole into the Vessethrough its protease and so forth, when is ge
back, here back into capillaries, it's possiblertaiely the cancer cell's gonna be, slowed downditeh,

the diameter of a cancer cell is such that it'sngover- have a very hard time fitting through ailtayy.

and if you have a happen to have a couple of cas®ler sticking together, it will be almost impddsi

for them, to pass through the capillary. so thithesfirst place, where the cancer cells are gdvanee a
hard time getting through the plumbing, becausepthmbing has gotten so small so narrow. so fortmos
cancers that arise in the various body tissues agdns other than the lung and the stomach and
intestines for most cancers, the first place tleeliiely to get hung up, is in the lung. so thetfiplace
you would tend to look for metastases in th- ighia lungs. and the lungs are in fact a major gite f
metastases, for many kinds of cancers. what alsoutimors that start in the stomach and intestitress,
so-called gastrointestinal tract? here again timearacells will infiltrate into very tiny capillags which

will feed in the small veins which go into largezins which go into yet larger veins, but these seiiil

then enter the liver. and in the liver, they witebk up back into a capillary bed. uh the purpdsthie
being for the exchange of the, the nutrients tleatehbeen taken up and detoxification and so fdith a
kinds of things have to happen in the, in the liard the blood supply therefore breaks stuff thiese
little tiny capillaries in the liver, so you canveathe various exchange of molecules that needaki
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place there, but lo and behold you have the sawmiglgm that you had before in the lungs. these e¢ance
cells now are likely to be as big as or bigger tti@ndiameter of these capillaries, and therefiéedy to

get hung up and stuck. so the most common sit@@mwodthe most common sites for stomach cancer and
colon cancer to metastasize to, is the liver. beedhat's the first capillary bed, those cells enter.
finally what about lung cancer? in ways lung calsctre worse scenario of all, we've talked aboet th
terrible prognosis for lung cancer, and here's ohéhe reasons that lung cancer has such a terrible
prognosis. kills so many people within five yeamscancer starting out in the lungs will go intoshe
capillaries. the, blood flow will then push themarthe, vessels they get bigger and bigger, as dloey
into the, left chamber of the heart, from the tfamber of the heart, uh, the vessel gets everebitg
pumped out into the aorta, the huge vessel, cazeler have no problem, they're gonna be pumped all
over the body, through all the arteries of the bdusy'll be distributed everywhere, and, everywhere
they go they will eventually encounter a capillagd. okay? they could end up in here they couldugnd

in the stomach and intestines they could end uperiver they could end up in all the body tissaed
organs so lung cancer is a very very nasty actralse its cells immediately are pumped out ingo th
entire circulatory system, and get access to @apilbeds where they get stuck, all over the body. s
anatomy is the first factor the basic anatomy ef¢hiculatory system is the first factor, that detiees,
where cancer cells are gonna metastasize. but sifogde rules those three rules i just gave to woen't

the whole story. how do i know they're not the vehslory? let's look at another experiment. andether
an experiment on page, twenty-five in the courskpaRAUSE:08>if you take mouse melanoma cells
like the ones we've been talking about today, infeem into the tail vein, of a mouse, what's kéd
happen? well from the diagram on page twenty-faur know from the veins you get eventually pumped
into the, uh right side of the heart, from the tigide of the heart you get uh, the cel- the @#spumped
into the lungs where it breaks up into the capjllaed, so we do expect these cells initially tolgetg up

in the lung. and in fact if you look, one or twoydafter you've injected those cancer cells inltings,

you will find lots of cancer cells, lodged in thenbs. if you wait two to three, weeks for actuatastases
not just individual cells but, metastases to grgwswolid tumor modules that you can see and, actual
tumors, in fact you get lots of these tumors in lingg. as you would expect, from the rules thaisi j
gave you. but you're gonna see now when we look#iteaight side of this, experiment that thosesyl
weren't the whole explanation for what just happeret's do another experiment with the same exact
cell type, but inject them into the left, ventrid&the heart. as you see from the diagram on twintr if

you inject cells or cells cancer cells that ar¢him left, chamber of the heart, from there theypamaped

out into the aorta, which means that they are puhme from the arteries all over the body, andike |
lung cancer cells themselves you would expect thogget lodged all over the body. and in fact withi
the first day or two if you look under the micropeoat various tissues, you can find cancer cetlgdd,

in various tissues throughout the body. but if yome back two or three weeks later to see well gher
are tumors actually growing, where are metastasggally occurring, they're occurring almost
predominately almost entirely in the lung. so tteéls us it's not just the anatomy of the circutgto
system. there's something else going on here. akayust the, circulatory system there seems to be
something, about these mouse melanoma cells, deergeneralize there seems to be something about
these mouse melanoma cells, that allows them, @étefantially grow in the lung even though, they've
lodged everywhere in the body, they only seem twgwell, in the lung. there's some kind of affinity
some kind of hospitality going on there. these mefaa cells like the lung. it's not just that the was
first place they stopped, it wasn't just the firgitel they checked into, there was something, almsut
that place, so whether it was the first place drthey end up, occupying the lung. so this givesaus
second, principle, that determines, the sites @twbancer cells are gonna grow in terms of metasta
the second principle, which we can conclude froat #xperiment, is that some cancer cells... piefer
grow... at specific sites... that's why i put tipedfic sites in this third stage. some cancersgalefer to
grow at specific sites certain sites. some kindved, think biochemical affinity there's just somethi
about the molecules and environment there, in icetitssues that certain kinds of tumor cells likegtow
there. now if that's true it raises a very intangstjuestion. is this the same for all cancer @alige only
shown you experiments thus far for melanoma, andhaven't even looked at all melanoma cells, we've
just looked at melanomas in in this gross sensefaundd that, as a, total population they seem to,
preferentially like the lung. but is that true fall melanoma cells do all melanoma cells prefer|timg?

or do some, melanoma cells like other places? hevets been some very clever experiments carried ou
to address this question if you'll turn to pagemiyesix, in the course packPAUSE:06>you'll see an
experiment here which is a variation, on the therhéhe experiment described on page twenty-one. i
urge you to make a note in your notes not to canfegperiments on page twenty-one and twenty-six.
they look very similar to each other they both ilveathese sequential, selections and transplantabat

the conclusions that are drawn are significantffedent, because the experiment is done in a somewh
different way. so make sure you, don't confuse,etkigeriment on twenty-one, the experiment i'm now
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about to go over. in this experiment, they tookmeosome mouse melanoma cells were taken and
injected into the tail vein of the mice, just (nateice just like, the experiment on twenty-one twanty-

one we focused on the lung. we saw that, metastasesred, initially few in the lung and we selette
those and enriched for those. here we're gonnaodething a little different. it's true, that metssts
occur, mainly in the lung. remember, when you stéiiti said you only maybe got one or two of those
S0, you get many many more metastases in the haigyou will in the brain and ovary. and you may
have to look at dozens and dozens of mice, befoudl find one where there's a single metastasthén
brain, or a single metastasis in the ovary. soetlmstastases to these organs are much less frethamt

to the lung. is this just a random fluke, did tlest happen to get, stuck occasionally in the baaid and

it ended up growing there, or was there somethpegial about those cells? well let's do now our
sequential transplantation with, cancer cells fthese two different organs. start out with the oraie'll
take that one brain metastasis that we found byrstgp you know through thirty or forty mice. takweat

one brain metastasis remove it, inject it into heoimouse. into the tail vein. again you'll findtasases
predominantly in the lung, but every once in a whibu'll find one in the brain, or the ovary. thiwe

you might find them a little more frequently in theain than you had the first time. let's take the
metastases from the brain again take those campdlerisnlate them inject them into another mousel a
repeat this over, ten times in a row. you repeaénttimes in a row and you will end up with a cell
population, that, metastasizes mainly to the braietastasizes more frequently to the brain thatiheo
lungs... you do the parallel set of experimentdlite ovarian metastases you get a comparablé.resul
eventually you can select for cells that metastasiainly to the ovary. they metastasize more fretiye

to the ovary than they do to the lung, and ceryaimhy more frequently to the ovary these would
metastasize to the brain. so this tells you thateacells vary, in the sites to which they prefésdly
metastasizes> again not all cancer cells are not the same. weesalier that all cancer cells were not
the same in terms of their, ability to metastasimefrequency with which they metastasize. now e s
that they're not all the same in terms of the siteghich they like to metastasize. so from a gnghncer
cell population, you can isolate, subsets subpdpula of cells that preferentially metastasize, to
different organs. now remember when we talked abwmuestion of why some cells metastasize more
frequently than others, uh i described to you saxgeriments which indicated that properties of the
plasma membranes, appear to be involved in detergnthe frequency or influencing the frequency with
which cancer cells metastasize. although the ee®lésn't quite as good, in this case, there's sisne
evidence suggesting that differences in the plasrambrane, help to determine, which organ a cancer
cell likes, to metastasize to. so we've seen with melanoma we can isolate, uh, cancer cells that
metastasize to the lung those that like the liethose that like the ovary those that like tharhrand if

you look at the plasma membranes, of those thriereiit subsets, of cancer cells in that population
their plasma membranes look somewhat differenunder the microscope in terms of their biochemical
makeup. so it appears to be interactions betweenptasma membrane, and components of these
different target tissues be it brain ovary or lutigit causes cancer cells of different types téepeatially
metastasize, to one, organ or another. so the plammmbrane appears to influence not just the
frequency, with which cells metastasize, but aldrerne<AUDIO DISTURBANCE>generally.) now
once cancer cells, have picked the appropriateesiteer from, just being lodged there, to the amgt of

the circulatory system, or through some more pegfégl mechanism some kind of biochemical affinity
which, helps them to grow at a certain site, ofmi® ltas happened, uh there are again some othersfiac
that come into play that determine whether or tgresive growth will take place... extensive growth
metastases requires a couple thinf® PAUSE WHILE WRITING®*he first thing it requires is
angiogenesis. the process we talked last time.likestprimary tumors which must, somehow trigger,
switch the balance between angiogenesis stimulatwsinhibitors, tip that balance towards stimolati

to trigger the formation of blood supply, in ordergrow beyond a millimeter or two in diameter, the
same thing is true of distant metastases. they tipugitat balance in the favoring of angiogenesitha
distant site, before they can grow, beyond a médten or two in diameter. and remember you have this
complicating factor that if there's a large prima&ugnor somewhere else in the body, if that largenary
tumor, is producing large amounts of angiostatinctvitan spill over into the bloodstream, unlikesine
other regulators of angiogenesis, that angiostaimcirculate throughout the body, and show umatad
these sites where there's a little tiny tumor nedahd that little tumor nodule with this massiveoant

of angiostatin, in the cirulat- circulation will haecessarily be able to overpower that inhibitiamd so
you may have these silent nodules of a millimetetvm, for long periods of time, until something
triggers, that balance for net angiogenesis...hg molecules that regu- regu- regulate angiogenesis
clearly play a role. another family of moleculeatttappear to play a role, are growth factors. iwh n
saying that_ unlike angiogenesis, which is alwasguired, i'm not implying that growth factors are
always required but they may play a role. they iplay a role. now just to make sure that you'rerobea
what a growth factor is if you'll turn to page twseiseven... of the coursepack... i've briefly meti for
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you here, what a growth factor is, uh, first of, #llese are non-nutritional. you think, think ointys
making you grow often you'll think of nutrients figeare not nutrients. these are not nutrientsethes
protein molecules, but very specific kinds of photaolecules, that stimulate the growth and divisid
particular cell types. they don't non-descriminajabt stimulate the growth of any cell type butrénare
different growth factors, which selectively, stiratd the growth, of certain kinds of cells. for exden
there's a growth factor called epidermal growthidaor E-G-F, protein that stimulates the growth of
epithelial cells. there's a growth factor calledtelet-derived growth factor, P-P-G-F, plays andngnt

role in wound healing. uh stimulates predominatitly growth, growth of fibroblasts. uh you've noaite

of either of those before, i'm not gonna hold yesponsible for those two yet at this part of therse
later in the semester later we're gonna come laltkabout these in some detail so at that pdirtiald

you responsible for them, but notice that there areouple, fibroblast growth factor F-G-F vascular
endothelial growth factor V-E-G-F, these are onas glready know about. these are ones i will hald y
responsible for knowing about, in this part of doairse, because those are ones, that stimulatgdiwh

of blood vessels, amongst other things, and thexefbese are the growth factors that regulate the
process, of angiogenesis. so the only two you nealis list that you really, have to know abought
now are these two that regulate, angiogenesis.dwdifferent growth factors manage to selectiveliyn

on the growth and division of specific cell typeb@ answer is that different cell types have défar
kinds of receptor molecules, on their plasma mendrsurfaces. these are proteins expressed on the
surface of cells, depending on the receptor, thathave on a cell it will bind to different kind§ growth
factors so i've tried to illustrate this, by havimgomplementary shape, between a surface onrthighy
factor, and this receptor on the surface of thik se this growth factor will only bind to cellldt contain
this particular kind of receptor. the receptortiuat specific growth factor. and the binding, ¢ tirowth
factor to that receptor will, send a signal throubh cell, and by the way later in the semesterewe'
gonna talk an awful lot about all the steps invdlire transmitting that signal, because the transiosof
that signal is intimately associated, with the loEsontrol of growth in cancer cells so, we're gawome
back to this later in the semester and talk a bbouathis pathway, in detail. but for the mometil, e

just be sort of a black box we won't talk about théividual steps. growth factor binds to a specifi
receptor, it sends a signal into the cell whicimately triggers, the division, of that cell. nofwyou read
the, coursepack article closely, you will, perhapsall or maybe not but, you should go- be ablgdo
back and find it, the D-one-twenty-two cell lineeHaves a little different regarding growth factarn

the A-nine. remember the D-one-twenty-two that Wesone, that metastasized more frequently than the
A-nine, remember although the immune system playede role, that when we, injected D-one-twenty-
two and A-nine cells into immunosuppressed anirnalget rid of the immune response as a variable,
even though we got rid of the immune response asr@ble, D-one-twenty-two still metastasized
somewhat better, than A-nine. uh there wasn't aatga difference as before, but it still metastsiz
somewhat better. so there must be an additionf@rdifce, between D-one-twenty-two and A-nine, other
than the difference in the M-H-C which enhancesitm@une response. i can now tell you that this iothe
difference is the fact, that there's a gene callkd FMS gene F-M-8:06 PAUSE WHILE
WRITING>which has become activated in the D-one-twenty-tedls, but not in the A-nine cells. now
what is the significance of this gene? this paliicgene<:05 PAUSE WHILE WRITING=odes for a
growth factor receptok:05 PAUSE WHILE WRITING*emember the receptor is the molecule on the
surface of the cell to which a growth factor binthgrefore triggering that cell to grow and divide.the
D-one-twenty-two cells, have a higher concentrattbrgrowth factor receptor, on the cell surfaceés th
means that, for a given concentration of growtttdiain the tissue, the A-nine cell, which has fewer
growth factor receptors, isn't gonna be influenesdmuch, isn't gonna have its growth stimulated as
much, as the D-one-twenty-two cells, because tlaye more, a higher concentration of growth factor
receptor, therefore their growth will be stimulatedre, in the presence of the same concentration of
growth factor. any question on, this set of obsiona?<PAUSE:07>uh-uh, okay? okay, then, i wanna
remind you, that there are three steps, as webm isethe process of angiogenes- uh, sorry, progess
metastasis, uh there's penetration, uh, of suriogntliss- tissue infiltration invasion of surroung
tissues and penetration of the blood vessels, t&s ane, uh, transport by the circulatory system to
distant sites influenced by the immune system ahérofactors are step two, reinvasion and growth,
finally of the distant site was step three. whataint to emphasize to you about the existence afethe
multiple steps not only do we have multiple stdpg,remember we have multiple variables, influeggcin
each one of those steps impacting each one of #teps. so we have a very complex cascade of events
taking place in the process of metastasis, ang, @dmall number of cancer cells can successfully g
through every one of those stages and exhibitfaha@se properties, that you need in order to lyetugh

all the steps in the process of metastasis. ants thhy very very few cancer cells actually suctidhs
metastasize. a very very tiny fraction, of a caanoer cell population successfully metastasize®an if

a person, had, you know a hundred metastases thdtl Wwe considered to be an enormous number. but
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you've got tumors that have millions and milliohgat billions of cells in them. so only a very ydmy
fraction of cells, successfully gets through thamplex, series of events. the important point, the
important take-home lesson here, is that if we @@ulccessfully interfere with just one of theseste
just one of these things that i talked about todfayou could stop the motility of the cancer cellstage
one, if you could inhibit the production of proteasor interfere with their action, uh if could prota the
interaction of the immune system, if you could uefhce any one of those steps, to the detrimereof t
cancer cell to the detriment of the cascade, thetastasis would not, take place, and if metasthidist
pla- take place, cancer wouldn't be a diseasewhat have to worry about. okay that concludes what
wanted to say about metastases and i promised yauld occasionally let you go early this semester
and today's one such day, but next time we'llad&ut more properties, of cancer.

{END OF TRANSCRIPT}

6.4.4. SOURCE 4ENGLISH FOR ENVIRONMENTAL SCIENCE (GLOSSARY)

A BUSH MEAT CROP

ABIOTIC BY-PRODUCT CROSS-REFERENCE
ACCESS C CULTIVATE

ACID RAIN CAPACITY CULTIVATION
AERATE CARBOHYDRATE CYCLE

AEROSOL CARBON D

AGGREGATION CARBON DIOXIDE DAMAGE
AGRICULTURAL CARBON FOOTPRINT DATA
AGRICULTURAL SECTOR CARBON MONOXIDE DATABASE
AGRICULTURE CARCINOGEN DECOMPOSE
AGRONOMIST CARNIVORE DECOMPOSER
AIR QUALITY CATALYTIC CONVERTER DECOMPOSITION
ALTITUDE CATEGORIZE DEGRADATION
ALUMINIUM CHEMICAL DENITRIFY
ANALYSIS CHLORINE DEPLETION
ANALYTICAL CHLOROFLUOROCARBONS DEPOSIT
ANALYZE CLAY DESIGNATION
ANIMAL WELFARE CLIMATE DESTRUCTION
ANTHROPOGENIC CLIMATIC DETRITIVORE
ANTIBIOTIC COAL DETRITUS
AQUIFER COASTAL DEVELOPED WORLD
ARABLE COLLECTION DEVELOPING WORLD
AREA COMMENCIAL FISHING DEVELOPMENT
ARTIFICIAL COMMUNITY DIGITAL
ATMOSPHERE COMPLEX DIGITIZE/DIGITALIZE
ATMOSPHERIC COMPLEXITY DISPLACEMENT
ATOM COMPLIANCE DISSIPATE
ATTRIBUTE DATA COMPONENT DIVERSITY

B COMPOSITION DRAIN

BACTERIA COMPOUND DRAINAGE
BEDROCK COMPUTERIZE DROUGHT
BENZENE CONGESTION E

BIODIVERSITY CONIFEROUS ECO-FRIENDLY
BIOFUEL CONSERVATION ECOLOGIST
BIOLOGICAL CONSERVE ECOLOGY
BIOMASS CONSULTANCY ECOSPHERE
BIOSPHERE CONSUME ECOSYSTEM
BIOTA CONSUMER EDUCATE

BIOTIC CONSUMPTION EFFICIENCY
BOTTLE BANK CONTAMINANT ELEVATION
BREAK DOWN CONTAMINATE EMISSION

BREED CONTINENTAL ENCROACH
BREEDING CONTINENTALITY ENCROACHMENT
BROMIDE CONVERT ENDANGERED
BROMINE COOLANT END-OF-PIPE
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ENERGY
ENVIRONMENT
ENVIRONMENTAL
ENVIRONMENTAL CONSULTANT
ENVIRONMENTAL STRATEGY
ENVIRONMENTAL FRIENDLY
ERODE

EROSION
EUTROPHICATION
EVAPORATE
EVAPOTRANSPIRATION
EVOLUTION

EVOLVE

EXCRETE

EXHAUST

EXPLOIT

EXPOSURE
EXTINCTION

F

FACILITY

FALLOW

FAUNA

FERTILIZE

FERTILIZER
FILTRATION

FINITE

FLORA

FOLIAGE

FOOD CHAIN

FOOD SUPPLY

FOOD WEB

FOSSIL FUEL

FUNGUS

G

GARBAGE

GAS

GASEOUS

GENE

GENERATE
GENERATION
GENETIC
GENETICALLY MODIFIED
GEOLOGY
GEOTHERMAL POWER
GLOBAL

GLOBAL WARMING
GORILLA

GRAPHICAL
GRAPHICS

GREEN BELT
GREENHOUSE EFFECT
GREENHOUSE GAS
GROUNDWATER

H

HABITAT

HARDWARE

HARMFUL
HAZARDOUS
HERBIVORE
HIERARCHY

HORMONE
HOUSEHOLD
HUMAN SETTLEMENT
HUNTING

HYDRO POWER
HYDROCARBON
HYDROLOGY
HYDROSPHERE
HYPERLINK

I

IMAGE

IMPACT
IMPERMEABLE
INCINERATE
INCINERATOR
INCORPORATE
INDEX
INDUSTRIALIZED SOCIETY
INEFFICIENT
INFRASTRUCTURE
INPUT

INTENSIVE FARMING
INTERACTION
INTERCONNECTED
INTERRELATED
INTERSECT
INVENTORY

ION

IRRIGATE
IRRIGATION

K

KEYWORD

L

LANDFILL SITE
LAYER

LEACH
LEAN-BURNING
LEGISLATION
LITHOSPHERE
LITTER
LIVESTOCK

LOAM

LOCATION

LOG IN/LOG ON/LOG OFF
LOW-DENSITY

M

MAP

MAPPING
MARITIME
MATTER
MEASURE
MECHANIZATION
MENU
MESOSPHERE
METAMORPHOSIS
METEOROLOGY
METHANE
MICROORGANISM
MIGRATION
MINERAL

MODEL

MODIFY
MOISTURE
MOLECULE
MONOCULTURE
MULTI-MEDIA
MUTATE

N

NATURAL HABITAT

NATURAL RESOURCES

NATURAL RESERVE
NGO (NON-
GOVERNMENTAL
ORGANIZATION)
NITROGEN
NITROGEN DIOXIDE
NON-RENEWABLE
NUCLEAR
NUCLEAR POWER
NUTRIENT

o)

OPERATING SYSTEM
OPERATION
ORGANIC
ORGANISM
OUTPUT
OVERGRAZING
OVERLYING
OXYGEN

OZONE

P

PARTICLE
PARTICULATE
PERMEABLE
PEST

PESTICIDE
PHOTOSYNTHESIS
PHOTOSYNTHESIZE
PHOTOTHERMAL
PHOTOVOLTAIC
PHYTOPLANKTON
PLANNING

PLANT
POACHING
POLLINATOR
POLLUTANT
POLLUTED
POLLUTER
POLLUTING
POLLUTION
POPULATION
POROUS

POWER

POWER PLANT
POWER STATION
PRESERVATION
PRESERVE
PREVENTIVE
PRIMARY
PRIMATE
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PRIVATE SECTOR
PROCESS
PRODUCE
PRODUCER
PRODUCTIVITY
PROJECT
PUBLIC

R

RADIATION
RAINFALL
RANGE

RAW MATERIAL
REAR

RECORD
RECOVER
RECOVERY
RECYCLABLE
RECYCLE
RECYCLING
REDUCE
REDUCTION
REFUSE
REGION
REGULATION
RELEASE
RENEWABLE
REPLENISH
REQUIREMENT
RESEARCH
RESERVOIR
RESIDENTIAL
RESIDUE
RESISTANCE
RESOURCE
RESPIRATORY
REUSE

ROOT
RUBBISH

S
SALMONELLA
SAMPLE

SAND

SCHEME
SCRUBBER
SEARCH
SEARCH ENGINE
SECONDARY
SEDIMENTARY ROCK
SEEP
SEPARATION
SILT

SITE

SMOG

SOCIAL COHESION
SOFTWARE
SOIL

SOLAR POWER
SOLVENT
SORT

SPATIAL

SPECIALIZATION
SPECIES

SPHERE

SPRAY
STAKEHOLDER
STANDARD OF LIVING
STATE STATISTICAL
STOCK

STORAGE

STORE

STRAIN
STRATOSPHERE
STRATUM
SUBPOPULATION
SUBSISTENCE FARMING
SUBSOIL
SUBSPECIES
SUBSTANCE
SULPHUR DIOXIDE
SUNLIGHT

SUPPLY

SURFACE WATER
SURVIVAL
SUSTAINABILITY
SUSTAINABLE
SYNTHESIZE
SYSTEM

T

TABLE

TABULAR

TARGET
TECHNIQUE
TECHNOLOGY
TEMPERATURE
TERTIARY
TEXTURE
THERMAL POLLUTION
THERMOSPHERE
THREAT
THREATENED
TIDAL POWER
TOOL

TOPSOIL

TOXIC
TRANSFORMATION
TRANSPORT
TRANSPORTATION
TRASH

TROPICAL
TROPOSPHERE
TROPOSPHERIC OZONE
TURBINE

U

ULTRAVIOLET
UNDERLYING
USAGE

Vv

VAPOUR
VARIABLE
VEGETATION

VIABILITY

VIABLE

VOLUME

W

WASTE

WASTE MANAGEMENT
WATER CYCLE
WATER TREATMENT
WAVE POWER
WEATHER
WEATHERED
WILDLIFE

WIND FARM
WOODLAND
WORLDWIDE

X

Y

YIELD

4

ZO0LOGY
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6.4.5. SOURCE 5ENGLISH FOR ICT STUDIES (GLOSSARY)

A

ACCELERATION
ACCESS

ACTION SEQUENCE
ACTIVE

ADDING MACHINE
ADDITION

ADOPT

ADVANCE

AJAX

ANALOGUE
ANALYTICAL
ANALYZE
ANNOTATION TOOLS
ANTIVIRUS
APPLICATION
APPLICATIONS SOFTWARE
APPROACH
ARITHMETIC
ARITHMETIC LOGIC UNIT
ARCHIVE
ASSESSMENT
ASYNCHRONOUS
AUGMENTATION
AUGMENTED REALITY
AURAL DATA
AUTOMATED

AVATAR

B

BACK END

BALANCE

BANDWIDTH

BARRIER

BEHAVIOUR
BENEFICIAL

'BIG BROTHER’
BILLING

BINARY

BIOMETRIC

BLACK HAT (HACKER)
BLOG

BOTNET

BREAKDOWN

"‘BRICKS AND MORTAR’
BROADBAND

BROWSE

BROWSER

BUG

BULLETIN BOARD
BUSINESS TO BUSINESS
BUSINESS TO CONSUMER
C

CACHE

CALCULATE

CALL CENTRE
CAPABILITY

CAPACITY

CENSORSHIP

CENTRAL PROCESSING UNIT
CHANGE

CHIP

CHILLER

CIVIL LAW

CLIENT

CLIENT CONSENT
CLUSTER

CODE

COG

COGNITIVE PSYCHOLOGY
COGNITIVE SYSTEMS
COGNITIVE WALKTHROUGH
COMMERCIAL

COMMON
COMMUNICATION
COMPONENT

COMPLEX
COMPUTER-ASSISTED
COMPUTERIZE
CONCEPT
CONFIDENTIALITY
CONFLICT

CONNECT
CONNECTIVITY
CONNECTOR

CONSUME

CONSUME PROTECTION
CONSUMER TO CONSUMER
CONTINGENCY PLANNING
CONTROL

CONTROL UNIT
CONVENTION

CONVERT

COPYRIGHT

CORE

COST

CPU BOARD

CREATOR

CRIMINAL LAW
CRYPTOGRAPHY
CURRENT

CYBERCRIME

CYCLE

D

DATA

DATA CENTRE

DATA INTEGRITY

DATA PROCESSING
DATA PROTECTION
DATABASE

DECIMAL

DECODE

DECRYPT

DENIAL OF SERVICE
DEPENDABILITY
DEPENDENT

DESIGNER

DESKTOP PUBLISHING (DTP)
DEVELOPMENT
DEVELOPMENT METHOD
DEVELOPMENT TOOLS
DEVICE

DIGIT

DIGITAL

DIGITAL RIGHTS MANAGEMENT
DISCIPLINARY ACTION
DISK DRIVE

DISPUTE RESOLUTION
DISRUPT

DISTRIBUTE

DIVISION
DOCUMENTATION
DOWNLOAD

DRIVER

E

E-COMMERCE
ELECTRONIC
ELECTRONIC COMMERCE
ELECTRONIC COMMUNICATION
ELECTRONIC POINT OF SALE
EMBEDDED

ENCODE

ENCRYPT

ENERGY PROPORTIONALITY
ENGINE

ENHANCING
ENVIRONMENT
ESSENTIAL

ETHICAL

EVALUATION
EVENTUALITY
EVOLUTIONARY

EXPAND

EXPLOIT

EXPORT

EYE TRACKING

F

FACTOR

FAULTY

FEATURE CREEP
FEATURES

FIXED

FLASH

FLASH DRIVE

FLEXIBLE

FLEXIBILITY

FOCUS GROUP

FORGERY

FRAUD

FUNCTION
FUNCTIONALITY

G

GENERAL PURPOSE SYSTEM
GEOSPATIAL
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GIGABYTE

GLOBAL
GLOBALPOSITIONING SYSTEM

GOODS AND SERVICES
GOVERNMENT LEGISLATION
GRAPHICAL

GREY HAT (HACKER)
GROWTH CURVE

H

HACKER

HAPTIC DATA

HARD DRIVE

HARDWARE

HARDWARE SPECIFICATIONS
HARMFUL

HEURISTIC

HEURISTIC EVALUATION
HOST

HOT SWAPPING
HYPERLINK

HYPERTEXT
HYPERTEXTTRANSFER PROTOCOL
|

IDENTITY THEFT

IDLE

ILLEGAL ACTIVITIES
IMMEDIATE ACCESS STORE
IMPACT

IMPORT

INCLUDE

INCORPORATE
INCREASE

INCREMENT
INCREMENTAL

INDEX

INDEXING

INFORMATION
INFORMATION PROCESSING
INFRASTRUCTURE
INITIATIVE

INNOVATION

INPUT

INPUT DEVICE

INSTALL

INSTRUCTION
INTELLECTUAL PROPERTY
INTERACTION
INTERACTIVE
INTERACTIVITY
INTERFACE

INTERFACE DESIGN
INTERNET

INTRANET

INVENTION

INVENTOR

ITERACTIVE

ITERACTIVE MODEL

J

JOB

JOYSTICK

JUNCTION

K

KEY

KEYBOARD
KEYLOGGER
KEYWORD

KILOBIT

L

LAMP (LINUX, APACHE, MySQL, PHP)
LASER PRINTER
LAUNCH

LAYOUT

LEAD TO

LEGAL INFRASTRUCTURE
LEGAL SITUATION
LEGISLATION
LIFELOGGING
LIMITED:
LIMITATION

LINK

LINUX OPERATING SYSTEM
LOCAL

LOG

LOG IN/ON

LOG OFF

LOGGING

M

MACHINE
MAGNETIC TAPE
MAINTENANCE
MALWARE

MASK

MEASURE
MEMORY

MENTAL MODELS
MENU

METAPHOR
MICROCHIP
MICROPROCESSOR
MIGRATION
MILITARY

MIRROR

MIRROR WORLDS
MOCK-UP
MONITOR
MONITORING DEVICE
MOORE’S LAW
MOTHERBOARD
MOTOR

MOTOR SYSTEM
MOUSE
MULTIPLICATION
MUTI-PURPOSE

N

NEGLIGENCE
NETWORK

NEURAL NETWORKS
NON-COMMERCIAL
NUMERICAL

@]

OBJECT ORIENTED

OBLIGATION
OBSOLETE

ONLINE

OPEN SOURCE
OPERATING SYSTEM
OPTIMAL

OPTIMUM

OUTAGE
OUT-OF-THE-BOX
OUTCOME

OUTPUT

OUTPUT DEVICE
OUTSOURCING

P

PAYMENT

PAYMENT COLLECTION
PEER-TO-PEER (P2P)
PERSONAL COMPUTER (PC)
PENETRATION
PENETRATION TESTING
PERCEPTION
PERCEPTUAL SYSTEM
PERSISTENT TREND
PHASE

PHISHING

PHYSICAL REALITY
POSITIONING
PORTABLE

PLUG-IN

PREDICTION

PRE-HYPERTEXT PROCESSOR

PREVALENT

PRIVACY LEGISLATION
PRIVATE

PROCEDURE
PROCESS
PROCESSOR
PROCUREMENT
PRODUCT

PROGRAM
PROGRAMMER
PROJECT MANAGEMENT
PROJECTOR
PROMOTION
PROPRIETARY
PROTECTION
PROTOCOL
PROTOTYPE
PROTOTYPING MODEL
PUBLIC

PUNCHCARD
PURCHASE

Q

QUALITATIVE
QUALITY ASSURANCE
R

RADICAL

REDUCE

REFLECT

REFRESH
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REGULATORY FRAMEWORK
RELAY

RELEASE
RELIABILITY
RELOAD
REPUTATION
REQUIREMENTS
RESOURCES
RESPONSIBLE
RESTART
RESULT IN
REVERSE ENGINEERING
REVOLUTIONARY
REVOLUTIONIZE
ROBOT
ROLE-PLAY
ROOT ACCESS
RULE

S

SCALE UP

SCAN

SCANNER
SCHEDULING
SCREEN
SEARCH
SEARCH ENGINE
SEARCH RESULTS
SECURELY
SECURITY
SELECT

SENSOR
SERVER
SERVER FARM
SHARE

SKILLS

SOCIAL ENGINEERING
SOCIAL NETWORKING SERVICES

SOFTWARE
SOFTWARE ENGINEER
SOFTWARE EXPLOIT
SOFTWARE PACKAGE
SPECIFIC
SPECIFICATION
DOCUMENT
SPECIALIZED

SPIDER

SPIRAL MODEL
STABLE

STACK

STAGE

STATIC

STATUS QUO
STORAGE

STORE

SUBMIT
SUBTRACTION
SUCCESSFUL OUTCOME
SURVEILLANCE

SWITCH

SYSTEM

SYSTEM DEVELOPMENT
SYSTEM LOGGING
SYSTEMS SOFTWARE

N

TARGET SYSTEM

TASK

TASK ANALYSIS
TECHNICAL INFRASTRUCTURE
TECHNOLOGICAL
TECHNOLOGY
TELECOMMUNICATIONS
TELEWORKING
TESTING

TEXT

THEFT

THINKING ALOUD
TIMESCALE
TOLERANCE

TRACKING
TRANSACTION
TRANSFORM
TRANSITION

TRANSMIT
TRANSISTOR

TROJAN
TROUBLESHOOTING
TRUST

u

UBIQUITOUS COMPUTING

UNINTERRUPTIBLE POWERSUPPLIERS

UNPATCHED EXPLOIT
UPGRADE

USABILITY

USABILITY TESTING
USER ANALYSIS

USER INPUT

USER INTERFACE
UTILIZATION

Y

VACUUM TUBE

VALVE

VARIABLE

VERSION
VIDEO-CONFERENCING
VIRTUAL

VIRTUAL LEARNING
ENVIRONMENT

VIRTUAL STOREFRONT
VIRTUAL WORLDS
VIRTUALIZATION
VIRTUALLY ENHANCED
VIRUS

VISUAL DATA

VISUAL DISPLAY
VOICE OVER IP (VoIP)
VOLTAGE REGULATOR CIRCUITRY

W

WATERFALL MODEL
WEARABLE COMPUTER
WEB PAGE

WEBSITE

WHITE HAT (HACKER)
WIRELESS

WIRELESS APPLICATION PROTOCOL
WORK OUT

WORLD WIDE WEB (WWW)
WP (WORD PROCESSING)
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