Appendixes

I-A. A Case Study of Acetaminophen Production . . ., . ... ... ... ... ....... 269
I-B. A Timetable for the Commercial Production of Compounds Using

Genetically Engineered Micro-Organisms in Biotechnology . . . . . . ... . .. 275
I-C. Chemical and Biological Processes . . . . . . . . . . . i i i 292
I-D. The Impact of Genetics on Ethanol—A Case Study . . ... ... ... e e 293
II-A. A Case Study of Wheat. , . . . . . .. .. .. . 304
I1-B. Genetics and the Forest Products Industry Case Study. . . . . . .. Ve e 307
H-C. Animal Fertilization Technologies. . . . . . . ... ... ... ... ..... s e e 309
I11-A. History of the Recombinant DNA Debate . . . . . . . . ... ... ... ...... 315
HI-B. Constitutional Constraints on Regulation , . . .. ... ... ........ S 320
I11-C. Information on International Guidelines for Recombinant DNA . . . . . , . 322

IV. Planning workshop Participants, Other Contractors and Contributors, and
Acknowledgments. . . . . . ... .. , 329



Appendix I-A
A Case Study of

Acetaminophen Production

Summary

The objectivi o thi case stud!is tc demonstrati
the cconomi teasibilit o applying - genetically
engineeren strain to makio a chemical product not
nov produced | b termentatior

BACKGHROUNI

Acetaminophe (APAF wa chosen for th case

study A a analgesic it lack som o the side ef-
fects of aspirin, and is the largest aspirin substitute
on the market. Around 20 million pounds (lb) are
manufactured annually. . Mallinckrod' Inc., produces
6:to 7 percent; the remainder is i manutacture!l pr
maril - b CPeInternationdban: Monsanty Cc A PAP
is sold U healt car compame:s whic marke jt 1
reaailers

Th MceNe Consume Products divisio of John-

son & Johnson, whic market APA unde the
trad namc Tvleno ha th larges shar o the

market. . Ove 1 doze other * companic in the United
States se it t unde s othe s trad: name:

On : chernicd manutacturer s bulcsellin price for
APA iS5 aroun | $2.65/1b B-th: tim the : consume
purchase it 1« the * drufstore the * marku result jn

ii selling § pric: claroun $25 to ) $30/11, depending v
dosag an package size Fhu the? total valu of
APA P Uy th e manufacture s 5 som 2 $3) millio r anng
all' white titz » toli retail I valu: fal in 1 thrrang Of
$50) millioy tH § billion.

APPROACH Es

« A\ conservativ approach 1 wi taken, in that t onla
convention, I bate fermentation process was s cus
sidere

« Variables wer @ selecte I pertainin 2t the choice of

the microbi. pathway; the nature of the @ teex
stock; conversio efficiencie of feedstoc to
PAP;:arthee finil vie d ct APA
«  Cos were © base on proprietary processes involv-
ing startup, large-scale fermentation, and recovery
f PAP.

« © Cos were itemized | fc materials s ar supplies;

labcr distribion; utilities s (broke down by specif-
ic energy / requiremen s accordir to process and
equipment); equipment (groupc according !

vChemical Marketing Beporter, November and December 19

process); and bullding requirement ispac neea
allocated accord iy 10 process).

CONCLUSIONS

I projected cost 0 Mmanuiacuring ara
means O hatch ermentatuor usin, g genetica“y
engineered strain, amounts to $ *!-U»/!! This cost is
baser on a plant proaucin 10 million ' 0 Aral
a nually
A s> . rubro thumt, the: grosi margi 10 manulac
wr Of
imat 50 percent : 0 saler. ' gross margin repre-
sents the profit - helor general ! an i adaminisirative
marketing : an selling, 4N research an aeveio
mer expenses. In gros margin 10 4 0
product mad b Mallmcekrod 1 Jgrgest e
utac:ture "ot APAL, amounter ) sjant o puroen
O sales 19y Tant 1y, respeclively. The gross
margr  to Monsant muc large LuLpar
tha Mallinckroc bu . 1 smalle - manutacture * ¢
AVPAD amountet 1y 27 ang 2 pereet LC o a | sale
in 1976 »an 1977, . respectivels’ 1 : grous v
gin 110" APA js v a hi@ v« 507 prreerl € Sale jig
currer cost Comanutac.car SNOUl amuour
$1.325/11, base o 1L bul selling price YU $2.65/111.
Therefore, its @ projecte cost  Wne proauce. b
lermentatio js s arount 2 percent | 1OWC than its
estimate 1 cor  whe 1 produce - b ochemico o sy

0

chemic: suc o ArA shoul  appiwa

thesis.
If the selling price (1 APA? produced by terment
tion is marke u 1U percent, the ! bul selling
price becomes s $2.10/ll This decrease of $0.55/Ib
could be transformed into cost savings of around
$5 to $10/Ib ' ' the consumer. These economies
would result in an annual cost saving to the con-
sumer of $100 million to $200 million.
currer processes !¢ synthesizing A PAP from
nitrobenzer do not appue to pose significant
pollution problems, « althougii number Of side
products are formed ! @ must . I'' removeds;
Howeve ji 1 fermentatic process would be even

INL I o, N, e e nepo o
onsan g o A |j o nepo 1 1
S Gy BennEeE, ITore s 1T PTEPATIIE ANINOPNens v s
.S‘.H‘)‘f‘&l| [N}
Hiloil, V(. - PEOI A G A CTINET S, rurie a o
p-Ammophen® e rarcir s 3(18, 1 1
Cpr o Bar N ara fo senne UOUPUrIeation On p-aninopnena

oS ratcar oo nd ]y,
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leaner. mly o pap ould ccumulate: B ther
wtabolites e aturally « occurring. Even 1cro-
rgantsms could t e collected ¢ tter each tateh i nd
rocessed  jnto ke roae 5 h|gh protein
vl 1 feed.

Biological parameters

MICROBIAL PATHWAY

A proposed athway Hr onverung aniline to
A PAP l1a 1 the cetviation ¢t an ntermediate, §-anmno-
henol, 1is shown in gure 1 [-A-], arious t fungi have
een identified in which these ‘acuions ccur.” ==

7R_ \’. Smith Y1 J 3, p, iSdzzda.  neronial N 0dels 0y annnanan
etanonsm, o rarmaceul. S Sej w1 1737 '17591 1o,

LV oammaad Jop oosazza. s\ romal s Models » Mammalian
CLADOIISME - romaue 1yaroxyviauon,” - oren,. o ochem. . Ophys.

VD0 1008, 1 1974,

4. R, unzner, iy utschler, a)xd N Haunmer, ™ 'her d dje 1kro-
ologische 1 wandlung | -haltiger « gypstrate” oncerning e
Microbiological "anstormation ¢ N- ¢ containing Substrate), Plant
edica l 197-103, 115/,

Figure I-A-l. loconversion ¢ of Aniline to PAP®

HCOUH,
1

H,COOH
setic acid

NH,

Ho
N|H2 / aminophenol
Aniline
PAP = ||, acetyl-p-aminophenol = = staminophen = = cetamidophenol = -

roxyacetanilide = 'ylenol {tr (trade name of :NeilLz | aboratories).
SOURCE: nextc Corp.

Mernatively, niime ould e celvlated  directly
forming cetaniide, v which in turn ould te tvdrox-
lated h: APAP, *** - Aumber I fHreplomyces s spe-
cies ave egen und o oonvere cetanthde ¢ o
FAP. he rathway wvolving j-amimophenol © ywas
chosen simply €cause i the conversion efficiency !
Ceue (it s A pAp ‘oulda e sngnty nigner 1 ceuc
cid ¢ entered the verall jzacuon . the second Step
ther Dan aut the first step.

HOST MICRO-ORGANISMS

The most .itable nicro-organism | for production
I o APAP in rge-scale rrmentation lay 100 1eces-

My e gne 't 1101’ Wallv wetabohzes  gniline 01’
-amnophenol. vhile @ qeterium | might serve as
nanie t host for insertion N ¢ expression ! Uthe -
ISIe ¢ genes, CdASL Ly 1 represent veuer ¢ choice.
will robably. more 08¢V resemble the organism
'Om v which e genes @ gre ohlited.

Fermentation efficiencies

CONVERSION EFFICIENCIES

The tolar ind veight « conversion efficiencies for
the toconversion o Predstock | to product 16| pro-
jected in Ible 1 1-A-1. ‘I'he oconversion l ¢ an“ine to

Tomin e a.ogp. d.

wunzner, e aj) op. rit.

10 ], heriault and 1 nghield, " qierotial € Conversion
etamhde tto -Hydroxvacetanihde axd 4. tvdroxvacetanilide.”
ol Aierobiol. 1 i1+ 1431-1436, 67

bid.

Table I=A-l.—Fermentation Efficiencies to Meet the
Requirements for the Production of cetaminopnen
(APAP) From Aniline

verali " molar conversion efficiency of:

(a) Anilineto APAP. . ................ ).25%

(b) Acetic Acidto APAP. ............. 95.0
verall w weight conversion efficiency of:

(a) Anilineto APAPa . ................ 146.5

(b) Acetic Acid to APAPa . ............ 239.1
Utilization of:

(a) Aniline in fermentation broth ... ... 2.28 Ib/gal

(b) Acetic acid in fermentation broth ... 1¥/gal
Production of APAP inbroth.......... 3.34 Ib/gal
Batchvolume ....................... 33,500 gal
Recovery efficiency. ................. 900 %
Yield of PAP/batch . . . ... ... . .. ... 100,701 Ib
Number of batches/year .............. 100
nual yiyield of product. . ............. 10,070,100 Ib

werall wi weight conversion of precursor to APAP = ) .
rlecutar we weight of APAP x  Molar conversion efficiency

molecular weight of precursor of precursor to APAP
SOURCE: Genex Corp.
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AP invaleo tWo steps. rhe product o the individ
na oreac 10NS ta oael step represent. the overal
mnla conversion effici ency
o 9 percen wa o oassames o eact step This vahu

convorcin (? fticioney .
is haser or - mnltitnds of  pepor S demonstra ting
simila minl 7 eonvercins efficiencies tot”  gnalogou
hinchomic:s  roaction nnde  actng formen statiog

conditions.

PRODUCT vk

Tho viel- o Apal projected i tahl [FA-l is  haco
011 octimating  ratin o 10 pepcen Weight to valiim,
(i.e., il pe 10 gallons (ga Y o formontation heotk

prio cto N percer recover - Such ii high yieliis, per
mittor hoeane O th poor”  solubilit " APATI ninde
opera tin,f cand ions. A resulih@ leveli o AP
swanthh hacy noadveorey oftoc o thy hOoSt - micro-org:
nien e OF “inenloh, svstem iN formontatin ha in
fact been reported in recent yegrs—e.g iN certain
microbial transformations of steroids, yields of 40
percent may result due to the insolubility of the
product.

SOy Annual Repory < an Forme

tatin Procee .8, 00 1, 1) bochina fed e Vol Veadon
QNI

N At L Tl ak i sed 00 8"

Do 1077

Table I-A-2.—Summary of Production Conditions

Economics

PRODIJCTION REQUIREMENT!

Haov the variou production  requirement wouil
he met  during the microhia transforma oil” of”  ani
ling to APALIS  summuarizecilt table A1 anc 2 Ani
lini ane aceti acic wonl no he addec to the fer
maontation heotl o il ones b eathe gtep-wis ac
corddipn; o thei vato s o eonversior The plan wonle
contai i 50, 00 )0 fermeiters whiel 0 th
canrvasnyyvea o wonblviel 10 0 millios b Of t\ PAP.

PRODUCTION COSTS

Th eost fo th ann: production ar summa
rizewin 1ahl 1-A-3.  The ' ars hroke dow: into their
maio* component: anlar @ expressed bot as anma
coct:and a UNIE - cocte Detailed budget: fo: th eiri-
011S CcOSt conter ar show N tahle 1-A-4 e roug
I-A-10. \atorial an supplie. ar decervihoin tahl
[-A-4; - 1ahae dicteiba 0N N sl A5 tilit reqe (?-
mrent in o tahle LA- throug 1-A-¢ equipmer i
tahl |-/"-9;
Thi analvsi reveal nn o a APA equi to
$11 0501

an gpac requirement N tahl 1-A-10.

Table 1.1.A.4 —Matarial and Supplies for

of fapa Production of ¢t Apa
Number of fermenters . . ... .. 2 Materials Cost/batch Costlyear
Size of fermenters. .......... 50,000 gal Eermentation
Operating volume . .. ........ 33,5007§a| Fishmeii(1.5¢ @ $0.155) . . . . . . . $ 648.68 $ 64,868
Cycle........oooiiiiinnn Glucose (1.5% ; ($0.1535). . . . . .. 642.40 64,240
Batches ................... 100 Lard oil (2.5% , ($0.325) ........ 2,266.88 226,888
Mineral salts (4,215 Ib 5 ( $0.05074) 213.77 21,377

Y%-day fermentation, I-day turn around.
SOURGE: Genex Corp.

Table 3 1-A-3.—Summai 0f Costs of
Production of t Apa

Annual cost Cnst!

Materials and supplies . . ... .. $ 6,133,802 $0.6091
Labor.............co. 2,012,140 0.1998
Utilities. .. ......... ... .. ... 630,200 0.0626
Equipment................. 1,377,590 0.1368
Building ................... 439,399 0.0436
Total .................... $10,593,131 1 N&/

Annual production - 10,070,100 Ib

Aniline (76,250 Ib@ $0.42). . . .. .. 32,027.52 3,202,752

Acetic acid (46,680 Ib@ $0.245) . . 11,436.60 1,143,660
Miscellaneous g (10¢ of basic
materials). . ................. 377.17 37,717
Subtotal. ... $47,613.02 $4,761,302
Recovery
Filter wajd(0.2lb/a @ $13). . . . . .. $ 871.00 $ 87,100
Other chemicals and supplies. . . . 1,600.00 $ 160,000
Subtotal . . ....... ... .. ... ... $2,471.00 $ 247,100
Finishing
Packaging (1,255 bag units
at$08 ................. .. $ 1,004.00 $ 100,400
Other (labels, stencils, etc.). ... .. 1,004.00 $ 100,400
Subtotal . . ...... ... ... ... ... $2,008.00 $ 200,800
General supplies
Maintenance g (4% ( capital investment) . ... .. $ 425,900
Other (laboratory office, plant miscellaneous) . 498,700
Total ..o $6,133,802

SOURCE: Genex Corp

SOURCE: Genex Corp.



272 . Impacts of Applied

Genetics—Micro-Organisms, Plants, and Animals

Table I-A-5.-Labor Distribution for Production of APAP

Salary and wage cost

Category Man-hours per week  Hourly rate $/week $lyear
Supervision
Generalmanager .. ...........c.c.oouuunuen... 40 20 $ 800 $ 41,600
Superintendents. ... ... .. 80 17 1,360 70,720
Managers . ......... .. . . 80 15 1,200 62,400
SUPEIVISOIS. .ttt 320 12 3,840 199,680
Hourly rated employees, services
Laboratory
Level I ... 80 10 800 41,600
Level Il ... 80 8 640 33,280
Level Il .. ... 120 6 720 37.440
Level IV ... . 40 5 200 10,400
Maintenance and engineering
Level | ... 240 10 2,400 124,800
Level ll. ... 240 8 1,920 99,840
Level Il ... 240 6 1,440 74,880
Level IV. ... .. 160 5 800 41,600
Hourly rated employees, production
Fermentation department
Level | .o 200 10 2,000 104,000
Level Il ... 240 8 1,920 99,840
Level Il .. ... 80 6 480 24,960
Level IV. .. .. . 80 5 400 20,800
Recovery department
Level | ... .. 320 10 3,200 166,400
Level Il ... 400 8 3,200 166,400
Level Il ... 80 6 480 24,960
Level IV ... .. 120 5 600 31,200
Subtotal. ...... e e e e $1,476,800
Add overtime@ 6% X 1.5 . . . .. 132,912
SUDLOTAl . . o $1,609,712
Add fringe benefits @25%. . . . . . .. oot 402,428
Total salaries and WagesS. . . . .ottt e e $2,012,140

MIRCF: Genex Carn

Table I-A-6.-Steam Requirements for
Production of APAP

Operation Lb/batch
Sterilization, fermenters, and seed tanks:
Heating ............ ... . . . .. 52,100
Holding .......... ... ... i, 20,000

Sterilization, piping, and equipment (other) . . . 20,000
Heating acetaminophen solution (recovery) ... 163,500

Drying, turbo dryer. . ... 200,300
General purpose usage . . ... 50,000
Total. . . . . . . . . .. et 505,900

Cost at $5.00/MIb:
Per fermenter batch =$ 2,530
Per year (100 batches) =$253,000

JURCE: Genex Corp.
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Table I-A-7.—Electricity Requirements for Production of APAP

Units/batch

Connected load kw (hours operation) kWh
Fermenters. . . . ... ... ... ... 149 144 21,456
Seedtanks . ........ .. 35 24 840
Chillers . . . .. ... ... ... ... .. 433 4,763
Air compressor . .ooiciiiiiiiiia. 205 86 17,630
Harvest tank.... . ..., 11 825
Decanter centrifuge. . ... 20 52 4,680
Process tanks. . . ... 224 19 4,256
Crystallizing tanks . ...t 224 2,464
Turbodryer.......... .. 22 23 506
Coolingtower.. . ......... .. 30 144 4,320
Pumps (est. =6@ 7.5) . . .. ....... ... .. ..., 34 144 4,896
Lighting, instruments and general load 19 144 2,736
Total KWh .. ... ... ... ... . . 69,372
@0.05/kWh = $3,469 per batch
@100 batches/yr= $346,900 per year
SOURCE: Genex Corp.
Table I-A.8.-WaterRequirements for
Production of APAP
Gal/batch
Fermentation .......................... 35,000
Towermakeup .. ... 63,000
Processloss ......... ... i 100,000
Chilled water makeup. .................. 30,000
Directcooling ............. ... .. ...... 50,000
General US€..... .. ... 25,000
Total .......... . 303,000 gal

Process Watergate =$1.00/M gals
cost = $303/batch
100 batches/yr =$30,300/year

SOURCE: Genex Corp
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Table I-A-9.—Equipment Costs for
Production of APAP

Receiving and batching area
320,000 gal steel aniline storage tanks,

insulated and cooled - @ $47,000 . . ......... $ 341,000
220,000 gal aluminum acetic acid storage

tanks, insulated and cooled - @ $71,300 . . . . .. 342,600
110,000 gal steel nitrogen storage tank with

controls and instruments. . ................ 47,000
110,000 gal steel lard oil storage tank,

insulated and heated . .. .................. 22,300

110,000 gal stainless steel Batch tank with
programmable controller and agitator. . ....... 59,500
21,700 ft’stainless steel Hopper bins with
conveyors - @$58,100 . . .................. 116,200
1 Electric forklift truck . ..................... 11,400

Fermentation and seed area

1150 gal stainless steel seed vessel, fully
instrumented. . .......... ... . .

12,500 gal stainless steel seed vessel, fully
instrumented. . .......... ... . ..

250,000 gal stainless steel fermenters, fully
instrumented with central control room -
@$399,000 . . ..ot

Recovery area
150, 000 gal stainless steel process tank,
cooled, agitated and insulated . ............ 195,000
13,000 gal steel filter aid slurry tank
with agitator . . ......... ... ... ... 11,300
1 Stainless steel continuous decanter
centrifuge . . ... . . 167,000
2100,000 gal stainless steel process tanks,
insulated with external steam injection heater,
pump and agitator- @ $333,000 . ...........

125,000
169,000

798,000

666,000

120,000 gal stainless steel side-entering surge

tank with agitator . . . ..................... $ 56,100
350,000 gal stainless steel crystallizing tanks,

insulated with heavy duty cooling coils and

top-mounted agitator - @ $195,000.......... 585,000
1 Stainless steel turbo tray dryer. . ............ 653,000
23,5§8 f66bainless steel hopper bins-

ed06000. ... . 132,000

Bagging Unit. . ..ot 20,000
4 St iﬁes steel finished product conveyors-

aSL2000° o D T 48,000
Auxiliary equipment
31,500 c.f.m. reciprocating air compressors -

@$168,000 . .. ..t 498,000
Laboratory and office equipment , .. .......... 650,000
Chillers, 500 ton total capacity . .............. 575,000
1 Cooling tower, 1,500 g.p.M.. .. ....cvvnnn... 210,000
35 Pumps and motors, various sizes. .......... 104,700
2 Dump trucks -$12,000 . ... ................. 24,000
Ventilation, general and spot - @ 7.5%

of eqUIPMeNt. . ...\t 583,791
Piping, general, materials and installation -

@ 7.5% of equipment. . ................... 583,790
Miscellaneous equipment (hand tools, etc.) -

@5°A of equipment .. ... . 389,194

Total ... $7,783,875
Annual charge for capital recovery over 10-year
period, with 12% interest compounded
annually ($7,783,875 x 0.17698) . . ... ....... $1,377,590

SOURCE: 3enex ' Corn.

Table I-A-10.-Buiiding Requirements for Production of APAP

Area Gross space ft/ft’ Unit value® cost
Central office . ................... 41.00° $ 38,540
Laboratories. . .......c.oovuunenn.. 70.00° 315,000
Warehouse .. .................... 2,000/36,000 27.00° 54,000
Batching ........................ 1,000/30,000 1.75 52,500
Fermentation (including seed) . ... .. 6,000/320,000 1.75 560,000
Harvest, filter . ................... 3,500/169,000 1.75 295,750
Processing, crystallization ... ...... 8,700/470,000 1.75 822,500
Drying, finishing. .. ............... 5,000/270,000 1.75 472,500
Warehouse, finished product. . . .. .. 11,000/200,000 27.00° 297,000
Auxiliary equipment. .. ............ 4,300/154,000 1.75 269,500
Maintenance, engineering. . . . ... ... 11,500/207,000 1.75 362,250
Total. . $3,539,540

Amortization over 30 years@ 12% compound interest $439,399°

Unitvalues i in ubic f feet except where noted by b.*
Unitvaluei in square feet.
Amortization : = 0.12414 X »tal.

SOURCE: ienex ¢ Corp.



